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            Abstract

            
               
Introduction: In recent years, orthodontic research has witnessed significant progress as it ventures into the exploration of nanoparticle
                  coating to augment the surface properties of orthodontic appliances. 
               

               The present study aimed to evaluate the surface characteristics, surface topography and frictional resistance (FR) of ceramic
                  brackets (CB) nanocoated with zinc oxide- tin oxide (ZnO-SnO2) by radio frequency magnetron sputter coating method.
               

               Materials and Methods: 26 polycrystalline maxillary canine CB, split into two groups, were used in the current in vitro investigation. Group A of
                  the RF magnetron sputter coating method was used to coat ZnO-SnO2 nanoparticles (Nps) on brackets, while group B of the process used uncoated brackets. Following coating, brackets underwent
                  EDAX and SEM imaging. Atomic force microscopy (AFM) was used to assess the surface topography, and frictional resistance (FR)
                  was also examined. An analysis of the data was conducted using SPSS (Version 23.0). An independent parametric t-test was used
                  to compare the results between the groups.
               

               Results: Brackets coated by RF sputter coating method had a porous and aggregated morphology when viewed under SEM. EDAX spectroscopy
                  images showed uncoated brackets presented aluminium, oxygen, silica and calcium signal peaks at 60.83 wt %, 13.43 wt %, 24.57
                  wt % and 1.17 wt % respectively while the coated brackets showed signal peaks of zinc, oxygen, silica and tin at signal peaks
                  of 20.98 wt %, 54.85 wt %, 10.52 wt % and 13.65 wt %. Groups A and B showed a surface roughness (SR) of 180.62 ± 9.49 nm and
                  316.77 ± 14.10. A statistically significant difference was observed in the SR between the 2 groups (p=0.00). The mean FR were
                  higher for uncoated brackets (8.18 ± 0.76) p=0.00.
               

               Conclusion: Zn-SnO2 Nps were effectively coated onto ceramic brackets through the RF magnetron sputter coating technique. In comparison
                  to uncoated brackets, the coated brackets exhibited a lower FR and SR.
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               Introduction

            Fixed orthodontic treatment involves the use of orthodontic brackets to align teeth and correct malocclusions. Orthodontic
               brackets are bonded to the teeth and connected to an arch wire to apply force and move the teeth into the desired position.
               The success of orthodontic treatment depends on several factors, including the design and material properties of the brackets.1, 2 Factors that affect the performance of orthodontic brackets are their surface properties, such as SR and FR.3, 4 The SR of orthodontic brackets can cause adhesion of bacteria and plaque, which can lead to dental caries and periodontal
               disease that can affect the efficiency of tooth movement during orthodontic treatment.5, 6, 7 
            

            Over the past few decades, nanotechnology has become a major technological breakthrough. This has broad applications in many
               fields, including health care, and is arguably one of the most quickly developing fronts in recent years.8 Research in the rapidly developing subject of nano dentistry has been exponential, with different Nps being added to various
               dental materials to improve their qualities.9 Nanocoatings are thin films of materials that are deposited on the bracket surface to alter their surface characteristics.
               It has shown to enhance the surface properties of brackets, such as SR and FR.10 The RF magnetron sputter coating method is a widely used technique for depositing thin films of materials.11, 12, 13 This method involves the use of a magnetron to generate a plasma of the coating material, which is then deposited on the
               surface of the orthodontic bracket. This method offers several advantages over other coating methods, such as high deposition
               rates, good adhesion, and uniform coating thickness.14, 15 
            

            Despite being favoured for their aesthetic qualities, CB have drawbacks when it comes to orthodontic treatment. One notable
               disadvantage is increased friction and wear against the orthodontic archwire, which may impact the efficiency of tooth movement.6, 16 The ceramic material, though durable, is more brittle compared to traditional metal brackets, making them susceptible to
               breakage, especially during the early stages of treatment.17 Park et al in 2010 evaluated the SR of monocrystalline and polycrystalline ceramic bracket slots and stainless steel brackets
               using an atomic force microscope. It was concluded that the SR of stainless steel brackets was the least followed by monocrystalline
               ceramic brackets and the highest in polycrystalline ceramic brackets.18

            Due to its anti-inflammatory, antifungal and antibacterial qualities, the white odourless, ZnO Nps are used extensively. It
               reduces SR when coated on orthodontic brackets and wires, which reduces friction and treatment time overall.19 Tin oxide (SnO2) Nps have photocatalytic, antioxidant, and antibacterial activities that are useful in biomedicine.20 The present study aimed to coat ceramic orthodontic brackets using a combination of ZnO-SnO2 Nps by RF magnetron sputter coating method to evaluate the surface characterization, surface topography and frictional resistance
               (FR).
            

         

         
               Materials and Methods   

            In this in vitro study, 26 polycrystalline ceramic brackets with a 0.022 slot MBT prescription maxillary canine brackets were
               utilized (Ormco Symetri, California, USA). The brackets were coated with a combination of ZnO-SnO2 Nps. The technique of RF magnetron sputter coating was used to coat the Nps. 13 ceramic brackets coated with ZnO-SnO2 Nps
               made up one group, while uncoated brackets were included in another. The coated brackets were then assessed for characterisation,
               chemical analysis, surface topography, and FR. 
            

            
                  Method of coating the brackets

               Sputter deposition is a method of physical vapor deposition used to deposit thin films. In this process, Nps are emitted from
                  a target and then deposited onto the substrate (bracket surface). The brackets are positioned within a vacuum chamber and
                  reduced to a predetermined process pressure. Sputtering commences with the application of a negative charge to the target
                  material (Nps), inducing a plasma or glow discharge. Positively charged gas ions produced in the plasma area are rapidly drawn
                  toward the negatively biased target plate. The resulting collisions lead to a momentum transfer, expelling atomic-sized particles
                  from the target. The bracket surface is then coated with a thin layer of these particles. The coating was applied to one side
                  of the substrate, resulting in a uniform thickness of 300 nm. Prior to the coating process, the substrates underwent a 30-minute
                  ultra-sonication clean in a mixture of acetone and isopropyl alcohol to remove any grease, gunk, or finger contamination.
                  The uniformity of the coating was measured with a standard deviation of 15 to 25%. The radio frequency magnetron sputtering
                  tool used in this study was an HHV Pumps model 200KTH, which featured a base pressure of 5 e-6 Torr, and a RF gun frequency
                  of 14.56 MHz, and a deposition rate of 25 Å/s. The deposition process took place at room temperature and a pressure of 5 e-6
                  Torr, with sputter power levels ranging from 50 to 80 watts. SEM was used to evaluate the morphology of the coating, and its
                  chemical composition was analyzed using EDAX. AFM was utilized to assess the surface topography of the treated brackets, while
                  the universal testing machine measured FR.
               

            

            
                  SEM

               High-resolution SEM was used in the morphological analysis to analyse the surface properties of the coated brackets. The samples
                  were sputter-coated in gold, mounted on aluminium stubs using carbon tape, and viewed under a scanning electron microscope.
               

            

            
                  EDAX 

               Using EDAX, the Nps on the brackets were identified for the constituent elements, and the chemical composition of the coated
                  brackets was examined in the chemical investigations.                  
               

            

            
                  AFM

               The coated bracket surface was imaged and measured at the nanoscale using AFM to evaluate surface topography. This gave information
                  on the SR in the 500–1000 nm range. Both the groups of brackets were subjected to no contact mode AFM examination using the
                  Anton Parr-Step 700 Surface testing instrument.
               

            

            
                  FR

               A model 4468 of the Instron Universal Testing Machine (UTM) from the Instron Corporation in Canton, Massachusetts was used
                  to evaluate FR. An aluminium plate was attached to the brackets using cyanoacrylate adhesive. The plate was fastened to the
                  UTM's lower part. The bracket and wire could be moved linearly as the 0.019 × 0.025 inch SS wires were ligated to the brackets
                  in the bottom component and the top end of the wire was fastened in the tension load cell, which moved at a cross-head speed
                  of 0.5 mm/s.
               

            

         

         
               Results 

            
                  SEM

               
                     
                     Figure 1

                     ZnO- SnO2 Coated brackets
                     

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/36990e4b-e269-421d-8475-361be1b55048image1.jpeg]

               Figure 1 shows that the ZnO- SnO2 nanocoated brackets by RF sputter coating method had a porous and aggregated morphology
                  when viewed under SEM at a resolution of 50 micrometres. 
               

            

            
                  EDAX

               

               
                     
                     Figure 2

                     Graph showing the EDAX spectroscopy of uncoated brackets
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                     Figure 3
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               Figure  2, Figure  3 illustrate the EDAX spectroscopy images showing the chemical composition of the uncoated and coated brackets. Uncoated brackets
                  showed aluminium, oxygen, silica and calcium signal peaks at 60.83wt %, 13.43 wt %, 24.57 wt % and 1.17 wt % respectively.
                  ZnO-SnO2 Nps coated brackets showed signal peaks of zinc, oxygen, silica and tin at signal peaks of 20.98 wt %, 54.85 wt %,
                  10.52 wt % and 13.65 wt % hence confirming the chemical composition of the coated brackets.
               

               

            

            
                  AFM

               Figure 4 illustrates the surface topography of the brackets coated by RF magnetron sputter coating method, which exhibits
                  small nodular pattern with an average SR value of 180.62 ± 9.49 nm. Group B exhibits a rough surface with bigger nodules and
                  an average surface roughness value of 316.77 ± 14.10. A statistically significant difference was observed in the SR between
                  the 2 groups (p=0.00) as shown in Table  1. 
               

               
                     Figure 4
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/36990e4b-e269-421d-8475-361be1b55048image4.png]

                 

            

            
                  Frictional resistance 

               A significant mean difference in FR between groups A and B (p=0.00) was noted. The mean FR were higher for uncoated brackets
                  (8.18 ± 0.76).
               

               
                     
                     Table 1

                     Mean comparison of surface roughness, frictional resistance among coated and uncoated brackets
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                               Mean ± SD

                              
                           
                           	
                                 
                              
                               Mean difference

                              
                           
                           	
                                 
                              
                               p value

                              
                           
                        

                        
                              	
                                 
                              
                               Group A

                              
                           
                           	
                                 
                              
                               Group B

                              
                           
                        

                        
                              	
                                 
                              
                               Surface roughness

                              
                           
                           	
                                 
                              
                               180.62 ± 9.49

                              
                           
                           	
                                 
                              
                               316.77 ± 14.10

                              
                           
                           	
                                 
                              
                               -136.15

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                        

                        
                              	
                                 
                              
                               Frictional resistance

                              
                           
                           	
                                 
                              
                               2.08 ± 0.85

                              
                           
                           	
                                 
                              
                               8.185± 0.76

                              
                           
                           	
                                 
                              
                               -6.00

                              
                           
                           	
                                 
                              
                               0.00

                              
                           
                        

                     
                  

               

               
                     
                     Figure 5

                     Graph depicting the mean surface roughness and frictional resistance between groups A and B
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               Discussion

            The present study evaluated the morphological and chemical characteristics, SR, and FR of ceramic orthodontic brackets coated
               with ZnO-SnO2 Nps using an RF magnetron sputter coating method. The morphology of the coated brackets was porous and aggregated.
               EDAX spectroscopy was used to validate the composition of the Nps coated onto the brackets. The results showed that O, Zn,
               and Sn signal peaks were present, indicating the presence of ZnO-SnO2 Nps. On comparing the SR by AFM, of both the groups, the coated brackets showed a lower SR when compared to the uncoated
               brackets. RF magnetron sputter-coated brackets had a lower FR than non-coated brackets.
            

            Ceramic brackets have rougher surfaces when compared to metal brackets, which affects the sliding of archwires and, consequently,
               affects the teeth movement. 21 In order to evaluate the SR of CB and SS brackets, Lee et al. performed an AFM study in 2010 and the results of the investigation
               showed that SS brackets had a lower SR in the range of 36.53 to 58.94 nm, whereas CB showed a SR in the range of 303.75 to
               394.21 nm. 22 An in vitro investigation was conducted by Thomas et al. in 2021 to assess the FR between SS, CB, and metal insert ceramic
               brackets. It was observed that FR on using 0.019 x 0.025” SS wire was highest for CB, while FR was similar in SS brackets
               and metal insert CB. 23 An in-vitro study by AlSubaie et al. compared the FR and surface topography of SS brackets, monocrystalline ceramic brackets
               (MCA), and polycrystalline ceramic brackets (PCA). 24 The FR of the PCA and SS brackets was found to be considerably lower than the FR of the MCA bracket. 
            

            To lower the FR, ceramic brackets were coated by Nps in the previous research. Arici et al evaluated the FR of brackets and
               archwires coated with aluminium oxide (Al2O3), titanium nitride (TiN) and chromium nitride (CrN) by RF magnetron sputter coating
               method. The study found that the TiN and Al2O3 coatings were successful in decreasing the FR between the brackets and archwires,
               while the CrN coating showed the poorest results.25 Zhang et al. in 2023 found that coating TiN on metal brackets with RF magnetron sputtering can lower the FR by 50%.26. These coatings are effective in reducing friction and improving the performance of orthodontic appliances. Hence RF magnetron
               sputter coating method was used in the present study to coat the brackets to assess the SR and FR.
            

            In an in vitro investigation, Tawakal et al. assessed the FR and SR of MCA, PCA, and SS brackets coated with silver and silver
               chitosan Nps as well as uncoated brackets. It was discovered that there was no discernible effect of nanocoating on the FR
               and SR of ceramic brackets. 27 Therefore silver Nps were not used for coating the brackets. In a clinical investigation, Shaik and Guram used CB, metal
               insert ceramic brackets and SS brackets to assess the rate of canine retraction. The FRs produced by ceramic brackets with
               metal slots were lower than those of ceramic brackets but greater than those of SS brackets. 28An in-vitro study by Behroozian et al. (2016) evaluated the impact of ZnO Np coating on the FR between orthodontic wires and
               ceramic brackets. It was observed that FR was lowest for coated brackets and uncoated wires (2.18±0.5 N) and highest for coated
               brackets and wires (3.07±0.4 N). 29 Hence the present study used ZnO-SnO2 Nps to coat the ceramic brackets inorder to alter the mechanical properties.
            

            The study's constraints lie in its in vitro nature, necessitating an in vivo evaluation for result confirmation. Further investigations
               could focus on assessing the antimicrobial effectiveness of the coated brackets, aiming to diminish the occurrence of caries
               and periodontal conditions during orthodontic treatment.
            

         

         
               Conclusion

            Zn-SnO2 Nps were effectively coated onto ceramic brackets through the RF magnetron sputter coating technique. The presence
               of the Nps was confirmed by characterization. In comparison to uncoated brackets, the coated brackets exhibited a lower FR
               and SR.
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