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        Abstract



        
          Introduction:


          Most miniplates used for skeletal anchorage lack built-in orthodontic devices. To address this issue, orthodontists must use creative solutions, such as bonding buttons, brackets, or tubes directly to the miniplates, thus making them more versatile devices that provide a wider range of tooth movement possibilities. The purpose of the present study was to ascertain the debonding strength in Megapascals (MPa) of orthodontic accessories bonded to skeletal anchorage miniplates with different bonding agents.

        


        
          Methods:


          Forty specimens were divided into two equal groups by bonding agent: Group 1, resin (Transbond XT®, 3M ESPE); Group 2, cyanoacrylate (Scotchbond®, 3M ESPE). Shear strength testing was performed in an EMIC DL-2000 universal testing machine.

        


        
          Results:


          The results obtained were 2.28 ± 0.44 MPa for Group 1 and 4.90 ± 0.76 MPa for Group 2. The Kolmogorov-Smirnov test was used to assess the normality of data distribution. Student's t-test was used to compare means in the response variable.

        


        
          Conclusion:


          A statistically significant difference was observed between groups. However, both bonding agents provided strength in excess of that needed for secure orthodontic tooth movement.
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      1. INTRODUCTION


      The concept of implants as orthodontic anchorage devices has been studied for over 30 years [1-3]. Absolute anchorage refers to a fixed, immobile skeletal anchor placed within the oral cavity that allows orthodontic tooth movement without compromising the teeth themselves. Titanium miniplates and screws are widely used in oral and maxillofacial surgery, and have established predictability and biocompatibility [4]. The use of these devices for temporary skeletal anchorage is a relatively new practice, and has become a topic of great interest in orthodontics.


      Temporary anchorage was developed by Umemori and Sugawara, who were the first to employ titanium miniplates for this purpose [5]. In 2002, de Clerck developed the zygoma anchorage system, which uses the same principles and employs a straight plate and three screws [6].


      The efficacy of skeletal anchorage with miniplates has been demonstrated for intruding posterior teeth, closing anterior open bites, distalizing maxillary molars, and retracting/intruding incisors, as well as for individual tooth movement when no other satisfactory anchorage is available [5, 7-9].


      However, most anchorage miniplates lack built-in orthodontic devices. Therefore, orthodontists must develop creative adaptations to achieve proper orthodontic forces and the desired tooth movement when using skeletal anchorage devices. One such solution involves bonding buttons, brackets, or tubes directly to the ends of miniplates, thus making them more versatile devices that provide a wider range of tooth movement possibilities. However, the methods used by orthodontists to bond these accessories to anchorage miniplates and the strength of this bond are entirely empirical. There is no literature on the debonding shear strength of orthodontic devices bonded to miniplates.


      The purpose of this study was to conduct an in vitro mechanical assay to ascertain which bonding agent provides the highest debonding shear strength when used to bond orthodontic tubes to skeletal anchorage miniplates.

    


    
      

      2. METHODS


      
        

        2.1. Resin Embedding of Skeletal Anchorage Miniplates


        The sample consisted of 40 specimens divided into two equal groups.


        According to the bonding agent employed. Group 1: Resin (Transbond XT®, 3M ESPE) – 20 specimens; Group 2: Cyanoacrylate (Scotchbond®, 3M ESPE) – 20 specimens. Embedding of the skeletal anchorage miniplates in composite resin was performed in a jig consisting of a metal cylinder composed of one inner and one outer part. The inner part consists of a split cylinder 16 mm in height with a step-shaped recess at one end. This recess creates a difference in internal diameter, which is 20 mm in the portion of the cylinder above the recess and 16 mm in the remaining portion. Hence, the acrylic resin base specimens cast in this jig will have a stepped base, which can be used to clamp them to the testing machine during the tensile strain assay. The outer part has an inner diameter of 23 mm and a height of 16 mm. It includes four equidistant threaded holes through which screws are driven to secure the mating inner part (Fig. 1).


        [image: ]
Fig. (1)

        Miniplate secured in acrylic jaw and positioned at center of metal jig for resin embedding.

        Each miniplate (Engimplan®, Rio Claro, SP, Brazil) was held with the two links corresponding to the head portion of the miniplate secured in an acrylic jaw (Fig. 2). The specimen preparation procedure was based on that employed in a similar previous study by Menezes et al., [10], and was meant to ensure that the exposed ends of each specimen miniplate were positioned at the same height, centered within the jig and perpendicular to the acrylic base, for debonding shear stress testing. The inner part of the jig was lubricated with petroleum jelly, slid into the outer cylinder, locked in with screws, and placed onto a baseplate wax sheet so that the arm was at the center of the jig (Fig. 3). Then, the jig was completely filled with Jet® acrylic self-curing resin (Clássico, São Paulo, SP, Brazil) in the sandy stage. Once the curing time had elapsed, each resin-embedded miniplate was removed from the jig and stored in a plastic bottle filled with room-temperature distilled water.


        [image: ]
Fig. (2)

        Resin poured into jig.

        [image: ]
Fig. (3)

        Tube bonded into resin-embedded miniplate.
      


      
        

        2.2. Orthodontic Tubes


        A 6” Mayo-Hegar needle holder with tungsten carbide inserts (Quinelato®) was used to braid Aciflex® #1 wire (Ethicon, Johnson & Johnson), which was then passed through direct bond tubes (American Orthodontics®, Sheboygan, WI, USA) until it was flush with the wire-tube interface.

      


      
        

        2.3. Tube Bonding


        For this stage of the experiment, the sample was divided into two groups according to the bonding agent used. All samples were prepared by the same operator. The number of specimens was defined in Minitab 17.1.0 (Minitab Inc.®, State College, Pennsylvania, USA), with a view to the normal distribution of the variables of interest. The statistical power of 0.8 was stipulated to detect a minimum difference of 1.090 MPa between mean shear strength values, with a standard deviation of 1.194 MPa and a significance level (alpha) of 5%. The parameters used for sample size calculation were obtained from a pilot study performed before the experiment.


        GROUP 1: Resin (Transbond XT®, 3M ESPE) – 20 specimens


        After cleaning each miniplate with 70% alcohol and drying the exposed miniplate link with compressed air, a layer of composite resin was applied to fill the base of the tube, which was then positioned on the miniplate. Bonding was performed in accordance with manufacturer instructions, using clamps (Hartzell & Son®, Germany), providing enough hand pressure to ensure proper placement and facilitate outflow of excess resin, which was removed with a #5 dental explorer (Duflex®, Brazil). Care was taken during this procedure to prevent complete coverage of the superior and lateral portions of the miniplate or orthodontic tube with resin. The specimen was then light-cured in accordance with manufacturer instructions.


        GROUP 2: Cyanoacrylate (Scotchbond®, 3M ESPE) – 20 specimens


        After cleaning each miniplate with 70% alcohol and drying the exposed link with compressed air, the miniplate was bonded to the orthodontic tube with two drops of medium-thick cyanoacrylate instant adhesive. The adhesive was applied to the base of the tube, which was then positioned as desired onto the miniplate with the aid of clamps and held in place with hand pressure, to facilitate outflow of excess resin, which was removed with a dental explorer. Again, care was taken to prevent complete coverage of the superior and lateral portions of the miniplate or orthodontic tube with cyanoacrylate.

      


      
        

        2.4. Mechanical Testing


        Shear stress testing was performed in an EMIC DL-2000 universal testing machine (EMIC, São José dos Pinhais, PR, Brazil) coupled to a workstation running MT teste 100 software. The specimen was placed in a metal sleeve attached (Fig. 4) to the base of the universal testing machine, while the crosshead was attached to Aciflex #1 wire (Fig. 5). The moving crosshead was placed on the top bracket, coupled to a 500N load cell, and positioned manually at the same distance for all test specimens.


        [image: ]
Fig. (4)

        Speciem secured in sleeve and moving crosshead attached to wire for mechanical testing In all specimens, the bond (joint) failed rather than the material, which is justified by the lack of mechanical retention at the miniplate and by the presence of micromechanical retention at the base of the tube. The present experiment was performed with whole miniplates. However, in clinical practice, retentions could be added to increase debonding strength.

        [image: ]
Fig. (5)

        Speciem secured in sleeve and moving crosshead attached to Aciflex #1 wire.

        The testing machine was actuated by MT teste 100 software. At the appropriate command, the debonding shear strength test was begun at a constant crosshead speed of 0.5 mm/min and continued until the bond between anchorage miniplate and orthodontic tube failed.

      


      
        

        2.5. Statistical Analysis


        The Kolmogorov-Smirnov test was used to assess the normality of data distribution. As the data were found to be normally distributed, the parametric Student's t-test was used to compare means in the response variable (shear strength).


        The significance level was set at 5% (p=0.05), with 95% confidence intervals.

      

    


    
      

      3. RESULTS


      According to the Kolmogorov-Smirnov test, data followed a normal distribution (p=0.238) (Table 1). Student's t-test for independent samples was used for comparisons.


      Debonding shear strength varied within both the resin and cyanoacrylate groups. In the resin group, debonding strength ranged from a minimum of 1.42 MPa to a maximum of 3.17 MPa. In the cyanoacrylate group, debonding strength ranged from 3.62 MPa to 7.01 MPa. The mean was 2.28 MPa (SD ± 0.44) in Group 1 versus 4.90 MPa (SD ± 0.76) in Group 2 (Table 2), (Fig. 1). Student's t-test endorsed a statistically significant between-group difference (p < 0.001).


      
        

        Table 1 Test for normality of outcome variable distribution (n=40).


        
          
            
              	Variable

              	Mean ± SD

              	Kolmogorov-Smirnov Z

              	p-value*
            


            
              	Transbond XT

              	2.2794 ± 0.76335

              	1.03

              	0.23
            


            
              	Cyanoacrylate

              	4.8982 ± 0.43763
            

          
        


        
          *p-value – Kolmogorov-Smirnov test.
        


        

        

      


      
        

        Table 2 Comparison of debonding shear strength (MPa).


        
          
            
              	Group

              	Mean ± SD†

              	95% Confidence Interval

              	Minimum

              	Maximum

              	p-value*
            


            
              	Lower Limit

              	Upper Limit
            


            
              	Transbond XT(n=20)

              	2.28 ± 0.44

              	2.22

              	3.02

              	1.41

              	3.17

              	<0.001
            


            
              	Cyanoacrylate(n=20)

              	4.90 ± 0.76

              	3.62

              	7.01
            

          
        


        
          *p-value – Student's t-test for independent samples.
        


      

    


    
      

      4. DISCUSSION


      As the use of skeletal anchorage miniplates has become consolidated as a technique, new versions of these devices modified to accept orthodontic accessories such as coils, elastics, and wires have been developed [7, 11-13]. However, achieving the desired orthodontic mechanics depends on proper miniplate positioning during the surgical procedure. Operator experience [14], patient anatomy, and the quality of bone at the site of miniplate fixation [15, 16] must all be taken into account. Hence, the position actually possible for each miniplate may not be optimal for achieving orthodontic tooth movement. In addition, anchor points may need to be modified to accomplish new mechanics. Within this context, the bonding of orthodontic accessories to miniplates can facilitate treatment by providing new possibilities of orthodontic movement while avoiding further surgical interventions for miniplate repositioning. The mechanical test conducted in this study corroborates current clinical practice, in which orthodontic accessories are commonly bonded to miniplates as a means of assisting treatment planning [9] and providing additional opportunities for orthodontic mechanics to meet the needs of each case.


      Several varieties of miniplates are available on the market. The miniplate head (i.e., the portion that remains exposed within the oral cavity) is available in several shapes, including circular [4], hook [9, 13] and tube [6, 17, 18]. Although there have been no previous studies on the bonding of orthodontic accessories to miniplates, it has been observed that such attachment is possible regardless of miniplate shape. For the present study, the miniplate model used by Umemori et al. [5], has been chosen, as it is readily available on the market and its cost is relatively low.


      Temporary anchorage devices have greatly expanded treatment possibilities. These devices can be used for compensation of surgical cases [7] and as management adjuncts in surgery-first approaches [11]. Orthodontists can bond active components of orthodontic appliances (wires and springs) directly to the exposed portion of miniplates [11]. However, this does not solve the problem of occasionally having to move the point of anchorage, and practitioners are still limited to using the systems made by the miniplate manufacturer. Bonding of orthodontic devices to anchorage miniplates can provide additional torque for dental intrusion, facilitate treatment, and shorten orthodontic appliance wear time [9, 11].


      The concept of optimal (or ideal) orthodontic force is based on the hypothesis that a force of a given magnitude and time course (continuous vs. intermittent or constant vs. decreasing, etc.) can achieve maximum tooth movement with maximum patient comfort and no damage to periodontal tissues. This force may differ in each tooth and each patient [19]. There is no consensus on the optimal orthodontic force in the literature [20]. Furthermore, forces are commonly understood and expressed in grams (g), an erroneous practice, as the gram is a unit of mass rather than force. De Clerck et al. [6]. used a force reported as 50-100 g on a temporary skeletal anchorage miniplate secured with 3 screws for distalization of 27 canines, and achieved a mean movement of 1.14 mm per month. Kaya et al., [21]. Compared the zygoma anchorage system to cervical headgear, with a force of 450 g applied in both groups. The forces employed when mini-implants are used as temporary anchorage for orthodontic tooth movement range widely; 175 g [22], 30-200 g [23, 24], 180 g [25], and up to 300-1000 g [26] have been reported. The research question of the present study was: is the bond between orthodontic accessory and miniplate strong enough to accomplish tooth movement? The mean debonding shear strength of orthodontic accessories in the tested specimens was 4.90 MPa in the cyanoacrylate group and 2.28 MPa in the Transbond XT group. Even the lowest values found in each of these groups (1.42 MPa in Group 1 and 3.62 MPa in Group 2) exceeded the forces needed for tooth movement.


      Cyanoacrylate (CA) instant adhesive was chosen for its low cost, widespread empirical use in clinical practice [27], and long history of use in surgical procedures without causing harm to patients [28-30]. Medium-thick CA adhesive was chosen because its greater viscosity reduces the risk of inadvertent bonding at areas other than the desired site (i.e., where the miniplate emerges into the oral cavity). Transbond XT was developed for orthodontic use. Is one of the most widely used composite resins for bonding of orthodontic appliances [31, 32]. Can be regarded as one of standard adhesive systems in orthodontics. It has been the subject of many studies [32-34]. Transbond XT is Bis-GMA based composite without the intermediate low-viscosity resin can guarantee clinically acceptable bond strength to acid-etched enamel, it would be advantageous for orthodontic bracket bonding by reducing the number of steps during bonding and the potential for error through contamination during the bonding procedure [35].


      The in vitro nature of this trial carries limitations, including the clean, moisture-free conditions under which bonding was performed and the fact that all procedures were done by the same operator. In the clinical setting, where moisture is present, relative isolation is mandatory to facilitate bonding of the accessory to the miniplate. Under the conditions of this experiment, CA adhesive provided greater ease of bonding, as it does not require light curing; however, composite resin provides greater control for device positioning, which may actually translate to greater ease of use. As with other in vitro studies, it was necessary to rely on thermocycling to simulate oral cavity conditions. Also, the stress applied on the bonded of orthodontic devices to anchorage miniplates in clinic is a combination of shear, tensile and torsion forces. This could be considered the main limitation of this study.


      
        CONCLUSION


        Therefore, bonding of orthodontic devices (such as tubes) to miniplates enhances the versatility of treatment. The results of this study corroborate current clinical practice. In addition, the fact that conventional rigid internal fixation miniplates were used reduces cost and facilitates standardization by dental practitioners. In both groups, debonding strength exceeded which is necessary for orthodontic tooth movement. Thus, if there is a need to change orthodontic mechanics during treatment, both bonding agents can be expected to behave effectively, despite the significant different between groups.
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