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        Abstract



        
          Introduction:


          Brackets bonded to enamel surface depend on the adhesion material and the quality of the bracket base.

        


        
          Objective:


          The aim of this study was to compare the shear bond strength of metallic brackets with Metal Injection Molding (MIM) technology base or welded base.

        


        
          Materials and Methods:


          Forty mandibular extracted premolars mounted in acrylic resin blocks were divided randomly into two groups, both bonded with Transbond XT. In Group 1, brackets with MIM technology bases (Masel) were used, and in group 2, brackets with a welded base (Morelli) were used. After 24 hours, all brackets were tested for shear bond strength in a universal testing machine. Intergroup comparison was performed with an independent t test.

        


        
          Results:


          MIM base brackets showed a mean maximum load registered of 107.55 N, a mean shear bond strength of 9.58 MPa with a standard deviation of 5.80 MPa and the welded base brackets showed a mean maximum load of 167.37 N, a mean shear bond strength of 13.28 MPa with a standard deviation of 2.58 MPa. The difference between the two groups was statistically significant, indicating a higher shear bond strength of the welded base brackets.

        


        
          Conclusion:


          It was concluded that the brackets with welded bases presented a significantly higher shear bond strength than the brackets with MIM bases.
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      1. INTRODUCTION


      Dental enamel is one of the strongest structures in the human body, composed of various minerals that provide it with hardness and elastic properties, making it resistant to wear and fractures while being friable [1].


      Since the introduction of phosphoric acid in dentistry, long-term effects have been achieved for bonding orthodontic appliances to the enamel surface of the teeth allowing for increased adhesion force between the enamel surface and the bonding system, and providing mechanical imbrication of the resin and microporosities produced by the acid treatment of the enamel surface [2].


      Thus, bracket bonding improved and minimized the replacement of orthodontic fixtures, achieving a significant improvement in orthodontic therapy [3]. Similarly, a variety of adhesive systems and different brackets have been developed for direct bonding with various base types to improve adhesive imbrication between the tooth and orthodontic accessories [4-8].


      Failure of bracket bonding during the course of orthodontic therapy is not an uncommon occurrence [9], therefore, the bracket bases have been modified to improve the anatomy and to achieve better mechanical retention by perforations, meshes, grooves, spherical designs, and different metal particles [7].


      Several authors have suggested that the microscopic characteristics of the bracket base, particularly the mesh designs, may increase or decrease the effectiveness of mechanical interlocking with the adhesive. These features include rough or smooth mesh wires, mesh size, wire diameter, weld points, the integrity of the enamel surface, the conditioning procedure, and the type of adhesive system used [10-12].


      Several researches have been conducted to determine the in vitro adhesion forces for each type of metal bracket base [6, 7, 13-15], other factors highlighted and the weld between the base and the metal mesh reducing the available retention surface, which can be significant in view of the tendency to reduce bracket base sizes [4, 8, 10, 13-16].


      Among the main methods of manufacture of metal brackets are: casting, molding, and injection. A wide range of methods have been employed for the manufacture of orthodontic accessories, including a various kinds of metals and stainless-steel alloys [17].


      The objective of this study is to compare the shear bond strength of metal brackets with metal injection molding (MIM) technology or welded bases. The tested null hypothesis was that there is no difference in the shear bond strength of metal brackets with metal injection molding (MIM) technology and welded bases.

    


    
      

      2. MATERIALS AND METHODS


      In order to establish the number of specimens required to indicate statistical significance, between the experimental conditions, a pilot test with 10 specimens with a minimum difference of 3.18 MPa, an alpha error of 5% and a beta error of 20%, indicated that 40 teeth were needed this research, 20 in each group.


      Inclusion criteria for the selected teeth were: first premolars extracted for orthodontic purposes; absence of fractures caused by forceps; absence of caries lesions and absence of restorations. All teeth were examined with 10x magnification. The premolars used in this study were donated by educational institutions.


      For the 40-specimen preparation, a prophylaxis with pumice paste (without fluoride) was performed with a Robson brush on the buccal surfaces of the teeth. The teeth were inserted in blocks of acrylic resin (20mm x 20mm) until the cement-enamel junction, leaving the crown fully exposed (Fig. 1). The bonding procedures of both groups started with acid conditioning with 37% phosphoric acid for 30 seconds [6, 18] and shortly thereafter, were rinsed with abundant water jet and dried with an oil and a water-free air source.


      Soon after, the teeth were randomly divided into two groups of 20 teeth, and two types of brackets were bonded.


      Group 1: 20 MIM (metal injection molding) technology stainless steel brackets for first mandibular premolars (Roth 0.022” x 0.028”, Masel Enterprise, Bistrol, USA).


      [image: ]
Fig. (1)

      Specimens.

      Group 2: 20 welded bases stainless steel orthodontic brackets for first mandibular premolars (Roth 0.022” x 0.028”, Morelli, Sorocaba, Brazil).


      Brackets of both groups had the same linear area of their bases of 12.5 mm2.


      The adhesive system used was Transbond XT (3M, Unitek, Monrovia, USA). A thin layer of the primer was applied for 10 seconds and light-cured for 30 seconds with an 1800 mW Woodpecker Led-F light curing light, wavelength 420-480 mm2. After a uniform layer of the resin was applied to the base of the brackets, and were positioned in the center of the clinical crown exerting pressure toward the tooth, excess of resin was removed from the bracket margins and light-cured for 60 seconds (Fig. 2). All specimens were prepared and brackets were bonded by the same operator (L.A.V.I).


      [image: ]
Fig. (2)

      Light curing after bracket positioning.

      After 48 hours of bracket bonding, they were placed in a device fixed to the bottom base of an automated Universal Testing Machine (Tinius Olsen Super L120 1980 Testing Machine, Houston, USA) (Fig. 3), which performed shear strength testing at a speed of 0.5 mm per minute.


      [image: ]
Fig. (3)

      Universal testing machine used for the shear test.

      The tooth blocks were held in an upright position, and a beveled stainless-steel tip 1mm high and having a 10mm wide active edge was attached to the load cell #2 of the testing machine, positioned and rested on the resin plateau to test the bonding interphase between the bracket base and the resin (Fig. 4). The machine was then driven at a speed of 0.5 mm per minute in the direction of compression, thus developing a shear stress at the bracket-resin interphase until the fracture or rupture of the adhesive union. The values were recorded directly in kgf/cm2 on the digital monitor of the testing machine.


      The shear bond strength was measured in Megapascals (MPa) and the maximum load registered was measured in Newtons (N).


      
        

        2.1. Statistical Analysis


        The normality of the data was checked with Shapiro-Wilk test. Data presented normal distribution and then parametric tests were applied.


        Intergroup comparisons of the shear bond strength and maximum load registered were performed with independent t-tests. The level of significance was 5% (P<0.05). All statistical analyses were performed with SPSS version 22 for Windows (SPSS Inc., Chicago, IL, USA).

      

    


    
      

      3. RESULTS


      The shear bond strength of MIM base brackets had a maximum shear bond strength of 24.43 MPa and a minimum strength of 3.22 MPa, an average of 9.58 MPa, and a standard deviation of 5.80 MPa, with a maximum load registered of 274.13 N and a minimum load of 17.70 N.
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Fig. (4)

      Shear test of the brackets performed with chisel.

      The strength of the welded base brackets had a maximum shear bond strength of 20.18 MPa and a minimum strength of 9.72 MPa, an average of 13.28 MPa and a standard deviation of 2.58 MPa, with a maximum load registered of 222.11 N and a minimum load of 160.99 N. When the two groups were compared, there was a statistically significant difference in the shear bond strength and in the maximum load registered, indicating that the welded brackets presented a significantly higher shear bond strength and maximum load registered than the MIM base brackets (Table 1, Figs. 5 and 6).


      
        Table 1 Results of intergroup comparison of shear bond strength (MPa) and maximum load registered (N) (independent t tests).


        
          
            
              	Variables

              	GROUP 1

              MIM BASE BRACKETS

              N=20

              	GROUP 2

              WELDED BASE BRACKETS

              N=20

              	P
            


            
              	Mean

              	s.d.

              	Mean

              	s.d.
            

          

          
            
              	Shear bond strength (MPa)

              	9.58

              	5.80

              	13.28

              	2.58

              	0.013*
            


            
              	Maximum load registered (N)

              	107.54

              	65.11

              	167.38

              	32.55

              	0.000*
            

          
        


        
          * Statistically significant for P<0.05. s.d. – standard deviation MPa – MegaPascals N - Newtons
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Fig. (5)

      Shear bond strength in MIM and welded bases.
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Fig. (6)

      Maximum load registered in MIM and welded bases.
    


    
      

      4. DISCUSSION


      Aiming at improving the adhesion strength of the materials, various bracket bases with different designs were developed, trying to improve the interaction of the materials and the enamel structure, and introduce modifications in the base designs, including base screen [10-12, 19-21], grooves [11, 22], or circular or rectangular perforated design bases [8, 10, 22].


      The purpose of this study was to compare the bond strength of two types of bracket bases, using brackets with a mesh base and base injected in human teeth, as was also done in other studies [5, 10-12, 14, 20, 21, 23, 24]. Some studies used recently extracted bovine teeth [4, 7, 13, 25], which is well accepted in the literature due to the similar behavior of both enamel surfaces [13, 26, 27].


      The methodology of the present study was standardized; the specimens were well adapted to the universal testing machine used; torques of the brackets were similar; the pressure during bracket positioning was standardized, so that the adhesive thickness was thin and uniform and adhesive excesses were removed without displacing the bracket [28, 29]


      The strength of direct bonding orthodontic accessories is provided by several factors such as the design of the bracket base, the quality and type of substrate to be bonded on, enamel surface contaminants, and the adhesive system used [12, 30]. Among these variables, the adhesive system used in this research was Transbond XT adhesive system (primer and resin)(3M Unitek, Monrovia, USA), considered as the gold standard adhesion system [31, 32].


      The shear tests were performed in the occlusal-gingival direction due to the larger mesiodistal dimension of the bracket in relation to the occlusal-gingival dimension, as performed in other studies [3, 23, 24, 33], offering better resistance to its removal when force is applied in this direction, and also standardizing the methodology employed.


      Profit [34] reports that the maximum force during chewing by a child with a normal height between 6 and 11 years old is 5.01 kg and in adults, it is 13.5 Kg, these results are similar to other studies [35, 36]. Thus, it would be reasonable to infer, from these studies, that the release forces of brackets can vary from 5 to 13 kg. The results found in the present research demonstrate that using standardized bonding protocols and adhesive techniques, it was observed that the adhesion strength of the welded base brackets presented an average shear bond strength of 13.28 MPa (13.54 Kg) when compared to the MIM technology base brackets with 9.58 MPa (9.76 Kg), and this difference was statistically significant (Table 1). This difference is possibly attributed to the design of the bracket base that has a larger mesh spacing allowing more air to escape and better resin penetration, resulting in greater adhesion strength, as also reported in other researches [12, 37].


      Molina et al. [38] compared the shear bond strength of MIM technology brackets with two types of meshes, conventional or rail-shaped and found no difference in shear bond strength, with values close to ours for the MIM conventional mesh base brackets.


      Wang et al. [37] tested several welded mesh-based brackets with different base sizes and found that the brackets with the larger mesh size produced greater bond strength than the brackets with smaller mesh sizes. In the present study, both brackets tested presented the same size of the bases.


      The amount of resin that remained in the enamel surface was not compared between the groups in the present study, but most of the resin remained in the tooth surface after the shear test. For bracket debonding it is preferable that the bracket/adhesive interface is predominant, leaving much of the remaining resin adhered to the tooth enamel, minimizing enamel fractures [28].Therefore, excessive adhesion is not desirable as it can cause damage to tooth enamel. The mean force of shear bond strength of the MIM base brackets was compatible with clinical use and similar to several previous studies [28, 37, 38]. However, the force of shear bond strength of the welded base brackets was higher than previous studies [28, 37, 38], and could be slightly above what is necessary for clinical use, which can cause damage to the enamel at debonding, so it should be done more carefully.


      Besides the results of the present study, it has to be considered that the force of adhesion is also related to other factors, such as the type of adhesive material used [39, 40], the curvature and size of the bracket base [41, 42], and the quality of the dental enamel, among other factors [38].

    


    
      CONCLUSION


      The null hypothesis tested was rejected since brackets with welded bases presented a significantly higher shear bond strength than brackets with MIM bases. The results of the present study show clinical relevance by indicating that the type of bracket base influences their adhesion to tooth enamel.

    

  


  
    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      Not applicable.

    


    
      HUMAN AND ANIMAL RIGHTS


      Not applicable.

    


    
      CONSENT FOR PUBLICATION


      Not applicable.

    


    
      AVAILABILITY OF DATA AND MATERIALS


      The data sets analyzed during the current study are available from the corresponding author [K.F] on request.

    


    
      FUNDING


      None.

    


    
      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    Declared none.


    REFERENCES


    
      
        	

        	
      


      
        	[1]

        	Katchburian E., Arana V.. Oral histology and embryology: text, atlas, clinical correlations.. (3rd ed). Guanabara Koogan; 1999
      


      
        	[2]

        	Buonocore M.G., Matsui A., Gwinnett A.J.. Penetration of resin dental materials into enamel surfaces with reference to bonding., Arch. Oral Biol.. 1968; 13(1): 61-70.

        [CrossRef] [PubMed]
      


      
        	[3]

        	Newman G.V., Sun B.C., Ozsoylu S.A., Newman R.A.. Update on bonding brackets: an in vitro survey., J. Clin. Orthod.. 1994; 28(7): 396-402.

        [PubMed]
      


      
        	[4]

        	Keizer S., ten Cate J.M., Arends J.. Direct bonding of orthodontic brackets., Am. J. Orthod.. 1976; 69(3): 318-327.

        [CrossRef] [PubMed]
      


      
        	[5]

        	Mizrahi E., Smith D.C.. Direct cementation of orthodontic brackets to dental enamel. An investigation using a zinc polycarboxylate cement., Br. Dent. J.. 1969; 127(8): 371-375.

        [PubMed]
      


      
        	[6]

        	Silverstone L.M., Dogon I.L.. Proceedings of an International Symposium on the Acid Etch Technique: North Central Publishing Company.. 1975
      


      
        	[7]

        	Smith N.R., Reynolds I.R.. A comparison of three bracket bases: an in vitro study., Br. J. Orthod.. 1991; 18(1): 29-35.

        [CrossRef] [PubMed]
      


      
        	[8]

        	Zachrisson B.U., Brobakken B.O.. Clinical comparison of direct versus indirect bonding with different bracket types and adhesives., Am. J. Orthod.. 1978; 74(1): 62-78.

        [CrossRef] [PubMed]
      


      
        	[9]

        	Read M.J.F., O’Brien K.D.. A clinical trial of an indirect bonding technique with a visible light-cured adhesive., Am. J. Orthod. Dentofacial Orthop.. 1990; 98(3): 259-262.

        [CrossRef] [PubMed]
      


      
        	[10]

        	Dickinson P.T., Powers J.M.. Evaluation of fourteen direct-bonding orthodontic bases., Am. J. Orthod.. 1980; 78(6): 630-639.

        [CrossRef] [PubMed]
      


      
        	[11]

        	Ferguson J.W., Read M.J.F., Watts D.C.. Bond strengths of an integral bracket-base combination: an in vitro study., Eur. J. Orthod.. 1984; 6(4): 267-276.

        [CrossRef] [PubMed]
      


      
        	[12]

        	Maijer R., Smith D.C.. Variables influencing the bond strength of metal orthodontic bracket bases., Am. J. Orthod.. 1981; 79(1): 20-34.

        [CrossRef] [PubMed]
      


      
        	[13]

        	Lopez J.I.. Retentive shear strengths of various bonding attachment bases., Am. J. Orthod.. 1980; 77(6): 669-678.

        [CrossRef] [PubMed]
      


      
        	[14]

        	Reynolds I.R., von Fraunhofer J.A.. Direct bonding of orthodontic attachments to teeth: the relation of adhesive bond strength to gauze mesh size., Br. J. Orthod.. 1976; 3(2): 91-95.

        [CrossRef] [PubMed]
      


      
        	[15]

        	Reynolds I.R., von Fraunhofer J.A.. Direct bonding of orthodontic brackets--a comparative study of adhesives., Br. J. Orthod.. 1976; 3(3): 143-146.

        [CrossRef] [PubMed]
      


      
        	[16]

        	Newman G.V.. Current status of bonding attachments., J. Clin. Orthod.. 1973; 7(7): 425-434, passim.

        [PubMed]
      


      
        	[17]

        	Eliades T., Zinelis S., Bourauel C., Eliades G.. Manufacturing of orthodontic brackets: A review of metallurgical perspectives and applications., Recent Pat. Mater. Sci.. 2008; 1: 135-139.

        [CrossRef]
      


      
        	[18]

        	Buonocore M.G.. A simple method of increasing the adhesion of acrylic filling materials to enamel surfaces., J. Dent. Res.. 1955; 34(6): 849-853.

        [CrossRef] [PubMed]
      


      
        	[19]

        	Alexandre P., Young J., Sandrik J.L., Bowman D.. Bond strength of three orthodontic adhesives., Am. J. Orthod.. 1981; 79(6): 653-660.

        [CrossRef] [PubMed]
      


      
        	[20]

        	Buzzitta V.A.J., Hallgren S.E., Powers J.M.. Bond strength of orthodontic direct-bonding cement-bracket systems as studied in vitro., Am. J. Orthod.. 1982; 81(2): 87-92.

        [CrossRef] [PubMed]
      


      
        	[21]

        	Kechagia A., Zinelis S., Pandis N., Athanasiou A.E., Eliades T.. The effect of orthodontic adhesive and bracket-base design in adhesive remnant index on enamel., JWFO. 2015; 4: 18-22.

        [CrossRef]
      


      
        	[22]

        	Thanos C.E., Munholland T., Caputo A.A.. Adhesion of mesh-base direct-bonding brackets., Am. J. Orthod.. 1979; 75(4): 421-430.

        [CrossRef] [PubMed]
      


      
        	[23]

        	Bishara S.E., Soliman M.M., Oonsombat C., Laffoon J.F., Ajlouni R.. The effect of variation in mesh-base design on the shear bond strength of orthodontic brackets., Angle Orthod.. 2004; 74(3): 400-404.

        [PubMed]
      


      
        	[24]

        	Ianni Filho D., Silva T.B.C., Simplício A.H.M., Loffredo L.C.M., Ribeiro R.P.. In vitro evaluation of the bond strength of bonding materials in orthodontics: mechanical shear tests., Rev. Dent. Press Ortodon. Ortop. Facial. 2004; 9: 39-48.

      


      
        	[25]

        	MacColl G.A., Rossouw P.E., Titley K.C., Yamin C.. The relationship between bond strength and orthodontic bracket base surface area with conventional and microetched foil-mesh bases., Am. J. Orthod. Dentofacial Orthop.. 1998; 113(3): 276-281.

        [CrossRef] [PubMed]
      


      
        	[26]

        	Teruel, Jde.D..; Alcolea, A..; Hernández, A..; Ruiz, A.J.. Comparison of chemical composition of enamel and dentine in human, bovine, porcine and ovine teeth., Arch. Oral Biol.. 2015; 60(5): 768-775.

        [CrossRef] [PubMed]
      


      
        	[27]

        	Oesterle L.J., Shellhart W.C., Belanger G.K.. The use of bovine enamel in bonding studies., Am. J. Orthod. Dentofacial Orthop.. 1998; 114(5): 514-519.

        [CrossRef] [PubMed]
      


      
        	[28]

        	Fleishmann L.A., Sobral M.C., Santos G.C. Junior, Habib F.. Comparative study of six types of orthodontic brackets for adhesion strength., Rev. Dent. Press Ortodon. Ortop. Facial. 2008; 13: 107-116.

      


      
        	[29]

        	Littlewood S.J., Redhead A.. Use of jigs to standardise orthodontic bond testing., J. Dent.. 1998; 26(5-6): 539-545.

        [CrossRef] [PubMed]
      


      
        	[30]

        	Abu Alhaija E.S., Abu AlReesh I.A., AlWahadni A.M.. Factors affecting the shear bond strength of metal and ceramic brackets bonded to different ceramic surfaces., Eur. J. Orthod.. 2010; 32(3): 274-280.

        [CrossRef] [PubMed]
      


      
        	[31]

        	Akhavan A., Sodagar A., Mojtahedzadeh F., Sodagar K.. Investigating the effect of incorporating nanosilver/nanohydroxyapatite particles on the shear bond strength of orthodontic adhesives., Acta Odontol. Scand.. 2013; 71(5): 1038-1042.

        [CrossRef] [PubMed]
      


      
        	[32]

        	Minick G.T., Oesterle L.J., Newman S.M., Shellhart W.C.. Bracket bond strengths of new adhesive systems., Am. J. Orthod. Dentofacial Orthop.. 2009; 135(6): 771-776.

        [CrossRef] [PubMed]
      


      
        	[33]

        	Romano F.L., Ruellas A.C.O.. Comparative study in vitro of the shear bond strength and resin remnant between the concise and superbond composites., Rev. Dent. Press Ortodon. Ortop. Facial. 2003; 8: 69-75.

      


      
        	[34]

        	Proffit W.R., Fields H.W., Nixon W.L.. Occlusal forces in normal- and long-face adults., J. Dent. Res.. 1983; 62(5): 566-570.

        [CrossRef] [PubMed]
      


      
        	[35]

        	Koolstra J.H., van Eijden T.M.G.J., Weijs W.A., Naeije M.. A three-dimensional mathematical model of the human masticatory system predicting maximum possible bite forces., J. Biomech.. 1988; 21(7): 563-576.

        [CrossRef] [PubMed]
      


      
        	[36]

        	Commisso M.S., Martínez-Reina J., Ojeda J., Mayo J.. Finite element analysis of the human mastication cycle., J. Mech. Behav. Biomed. Mater.. 2015; 41: 23-35.

        [CrossRef] [PubMed]
      


      
        	[37]

        	Wang W.N., Li C.H., Chou T.H., Wang D.D.H., Lin L.H., Lin C.T.. Bond strength of various bracket base designs., Am. J. Orthod. Dentofacial Orthop.. 2004; 125(1): 65-70.

        [CrossRef] [PubMed]
      


      
        	[38]

        	Molina F., Freitas K.M.S., Ordóñez M.C.R.B., Cruz E.F., Henriques R.P., Aguirre Balseca G.M.. Comparison of Shear Bond Strength of MIM Technology Brackets with Conventional and Rail-Shaped Mesh Bases: An in vitro Study., Open Dent. J.. 2019; 13: 255-260.

        [CrossRef]
      


      
        	[39]

        	Bishara S.E., Gordan V.V., VonWald L., Jakobsen J.R.. Shear bond strength of composite, glass ionomer, and acidic primer adhesive systems., Am. J. Orthod. Dentofacial Orthop.. 1999; 115(1): 24-28.

        [CrossRef] [PubMed]
      


      
        	[40]

        	Fernandez S.L., Calero J.M.P., Ibarra J.G., Lozano M.B., Pérez H.E.. Fuerza de retención al esmalte con adhesivos usados en ortodoncia, utilizando dos tipos de base de brackets (estudio comparativo in vitro)., Rev. Odontol. Mex.. 2004; 8: 122-126.

      


      
        	[41]

        	Park D.M., Romano F.L., Santos-Pinto A., Martins L.P., Nouer D.F.. Analysis of the adhesion quality of different metallic bracket bases., Rev. Dent. Press Ortodon. Ortop. Facial. 2005; 10: 88-93.

        [CrossRef]
      


      
        	[42]

        	Floriano H., Mori A.T., Maltagliati A.M.A., Lino A.P.. Studies of the tensile strength of bonded metal brackets in relation to some types of base., Rev. Paul. Odontol.. 2001; 23: 20-23.

      

    

  


  

OEBPS/Images/cover.jpg
ISSN: 1874-2106

The
Open Dentistry
Journal

Comparative Study of Adhesion of Brackets with
Metal Injection Molding (MIM) Technology and

Welded bases: In vitro Study

i ' \ 2 i > VIEW. ARTICLES ON
/P | \eg? | S PUBMED CENTRAL

BENTHAM OPEN






OEBPS/Images/TODENTJ-14-240_F1.jpg





OEBPS/Images/TODENTJ-14-240_F5.jpg
14

12

©

L

IS

~

Shear Bond Strength (Mpa)

Shear Bond Strength

EMIM ® Welded





OEBPS/Images/TODENTJ-14-240_F3.jpg





OEBPS/Images/TODENTJ-14-240_F6.jpg
180

160

140

120

100

Maximum Load Registered (N)

MM

 Welded





OEBPS/Images/TODENTJ-14-240_F2.jpg





OEBPS/Images/TODENTJ-14-240_F4.jpg





