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[bookmark: N1086D]
Summary



          
Objectives: to evaluate in vitro the strength of different compositions of beta-tricalcium phosphate (β-TCP) wedges in comparison with titanium foam and cages. To study the response to cyclic loading of the strongest β-TCP wedge, titanium foam and titanium cage.



          
Methods: Compression test: Twenty-five tibiae were prepared for tibial tuberosity advancement using the modified Maquet technique. Five groups were defined depending on the material used to maintain the tibial tuberosity: Group 1 = titanium cage; Group 2 = wedges of porous titanium foam with 50% porosity (OrthoFoam®); Group 3 = blocks of biphasic synthetic bone (60% hydroxyapatite [HAP] and 40% _-TCP, porosity 80%); Group 4 = blocks of biphasic synthetic bone (60% HAP and 40% _-TCP, porosity 70%) and Group 5 = blocks of biphasic synthetic bone (65% HAP and 35% _-TCP, porosity 60%). Loads to failure were calculated for each implant. Cyclic study: Five additional tibiaes of group 1, 2 and 5 were fatigue tested from 100 to 500 N at a rate of 4 Hz for 200,000 cycles or until failure.



          
Results: Compression test: For the five groups, the mean load at failure was 1895 N, 1917 N, 178 N, 562 N and 1370 N respectively. Cyclical study: All samples in the three groups tested withstood 200,000 cycles without failure.



          
Clinical significance: The ideal implant to maintain tibial tuberosity advancement after the modified Maquet technique would be absorbable and allow osteoconduction and osteoinduction. As such, β-TCP wedges have many advantages and our study shows that they can withstand loads in the patellar tendon up to 500 N over 200,000 cycles in vitro and deserve more investigation.





[bookmark: N1089B]
Keywords

Beta-tricalcium phosphate - 
modified Maquet technique - 
cruciate - 
ligament - 
dog





 

[bookmark: ]

[bookmark: N108BD]
	
References


	
[bookmark: BR0053-1]1 
          
            Montavon PM, 
          
          
            Damur DM, 
          
          
            Tepic S. 
          
        Advancement of the tibial tuberosity for the treatment of cranial cruciate deficient canine stifle. Proceedings of the 1st World Orthopedic Veterinary Congress. 2002. September 5 Munich, Germany: pg. 152. 





Google Scholar





	
[bookmark: BR0053-2]2 
          
            Tepic S, 
          
          
            Damur DM, 
          
          
            Montavon PM. 
          
        Biomechanics of the stifle joint. Proceedings of the 1st World Orthopaedic Veterinary Congress. 2002. September 5 Munich, Germany: pg. 189-190. 





Google Scholar





	
[bookmark: JR0053-3]3 
          
            Maquet P. 
          
        Advancement of the tibial tuberosity. Clin Orthop Relat Res 1976; 225-230. 





PubMedGoogle Scholar





	
[bookmark: JR0053-4]4 
          
            Etchepareborde S, 
          
          
            Barthelemy N, 
          
          
            Mills J. 
          
        et al. Mechanical testing of a modified stabilisation method for tibial tuberosity advancement. Vet Comp Orthop Traumatol 2010; 23: 400-405. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0053-5]5 
          
            Etchepareborde S, 
          
          
            Brunel L, 
          
          
            Bollen G. 
          
        et al. Preliminary experience of a modified Maquet technique for repair of cranial cruciate ligament rupture in dogs. Vet Comp Orthop Traumatol 2011; 24: 223-227. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0053-6]6 
          
            Arinzeh TL, 
          
          
            Tran T, 
          
          
            McAlary J. 
          
        et al. A comparative study of biphasic calcium phosphate ceramics for human mesenchymal stem-cell-induced bone formation. Biomaterials 2005; 26: 3631-3638. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-7]7 
          
            Eggli PS, 
          
          
            Muller W, 
          
          
            Schenk RK. 
          
        Porous hydroxyapatite and tricalcium phosphate cylinders with two different pore size ranges implanted in the cancellous bone of rabbits. A comparative histomorphometric and histologic study of bony ingrowth and implant substitution. Clin Orthop Relat Res 1988; 127-138. 





PubMedGoogle Scholar





	
[bookmark: JR0053-8]8 
          
            Shimazaki K, 
          
          
            Mooney V. 
          
        Comparative study of porous hydroxyapatite and tricalcium phosphate as bone substitute. J Orthop Res 1985; 3: 301-310. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-9]9 
          
            Uchida A, 
          
          
            Nade SM, 
          
          
            McCartney ER. 
          
        et al. The use of ceramics for bone replacement. A comparative study of three different porous ceramics. J Bone Joint Surg Br 1984; 66: 269-275. 





PubMedGoogle Scholar





	
[bookmark: JR0053-10]10 
          
            Gerber C, 
          
          
            Mast JW, 
          
          
            Ganz R. 
          
        Biological internal fixation of fractures. Arch Orthop Trauma Surg 1990; 109: 295-303. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-11]11 
          
            Gautier E, 
          
          
            Sommer C. 
          
        Guidelines for the clinical application of the LCP. Injury 2003; 34 Suppl 2 B63-76. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-12]12 
          
            Schmokel HG, 
          
          
            Stein S, 
          
          
            Radke H. 
          
        et al. Treatment of tibial fractures with plates using minimally invasive percutaneous osteosynthesis in dogs and cats. J Small Anim Pract 2007; 48: 157-160. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-13]13 
          
            Pozzi A, 
          
          
            Lewis D. 
          
        Surgical approaches for minimally invasive plate osteosynthesis in dogs. Vet Comp Orthop Traumatol 2009; 22: 316-320. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR0053-14]14 
          
            Guiot LP, 
          
          
            Dejardin LM. 
          
        Prospective evaluation of minimally invasive plate osteosynthesis in 36 nonarticular tibial fractures in dogs and cats. Vet Surg 2011; 40: 171-182. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-15]15 
          
            Fernandez-Fairen M, 
          
          
            Querales V, 
          
          
            Jakowlew A. 
          
        et al. Tantalum is a good bone graft substitute in tibial tubercle advancement. Clin Orthop Relat Res 2010; 468: 1284-1295. 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR0053-16]16 
          
            Ness MG. 
          
        OrthoFoam MMP Wedge for Canine Cruciate Disease. User Guide [document on the internet]. Edgerton, UK: Orthomed (UK) Ltd; 2011. [version 1.1 October 2011]. Available from: http://www.orthomed.co.uk/pdf-downloads.html 






Google Scholar





	
[bookmark: JR0053-17]17 
          
            Wazen RM, 
          
          
            Lefebvre LP, 
          
          
            Baril E. 
          
        et al. Initial evaluation of bone ingrowth into a novel porous titanium coating. J Biomed Mater Res B Appl Biomater 2010; 94: 64-71. 





PubMedGoogle Scholar





	
[bookmark: JR0053-18]18 
          
            Bobyn JD, 
          
          
            Stakpool GJ, 
          
          
            Hacking SA. 
          
        et al. Characteristics of bone ingrowth and interface mechanics of a new porous tantalum biomaterial. J Bone Joint Surg Br 1999; 81: 907-914. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-19]19 
          
            Fernandez-Fairen M, 
          
          
            Sala P, 
          
          
            Dufoo Jr. M. 
          
        et al. Anterior cervical fusion with tantalum implant: a prospective randomized controlled study. Spine 2008; 33: 465-472. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-20]20 
          
            Schwartz C, 
          
          
            Liss P, 
          
          
            Jacquemaire B. 
          
        et al. Biphasic synthetic bone substitute use in orthopaedic and trauma surgery: clinical, radiological and histological results. J Mater Sci Mater Med 1999; 10: 821-825. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-21]21 
          
            Galois L, 
          
          
            Mainard D, 
          
          
            Delagoutte JP. 
          
        Beta-tricalcium phosphate ceramic as a bone substitute in orthopaedic surgery. Int Orthop 2002; 26: 109-115. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-22]22 
          
            Daculsi G, 
          
          
            Passuti N, 
          
          
            Martin S. 
          
        et al. Macroporous calcium phosphate ceramic for long bone surgery in humans and dogs. Clinical and histological study. J Biomed Mater Res 1990; 24: 379-396. 





PubMedGoogle Scholar





	
[bookmark: JR0053-23]23 
          
            Holmes RE, 
          
          
            Bucholz RW, 
          
          
            Mooney V. 
          
        Porous hydroxyapatite as a bone-graft substitute in metaphyseal defects. A histometric study. J Bone Joint Surg Am 1986; 68: 904-911. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-24]24 
          
            Johnson KD, 
          
          
            Frierson KE, 
          
          
            Keller TS. 
          
        et al. Porous ceramics as bone graft substitutes in long bone defects: a biomechanical, histological, and radiographic analysis. J Orthop Res 1996; 14: 351-369. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-25]25 
          
            Kitsugi T, 
          
          
            Yamamuro T, 
          
          
            Nakamura T. 
          
        et al. Four calcium phosphate ceramics as bone substitutes for non-weight-bearing. Biomaterials 1993; 14: 216-224. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-26]26 
          
            LeGeros RZ, 
          
          
            Parsons JR, 
          
          
            Daculsi G. 
          
        et al. Significance of the porosity and physical chemistry of calcium phosphate ceramics. Biodegradation-bioresorption. Ann N Y Acad Sci 1988; 523: 268-271. 





PubMedGoogle Scholar





	
[bookmark: JR0053-27]27 
          
            Yuan H, 
          
          
            Yang Z, 
          
          
            Li Y. 
          
        et al. Osteoinduction by calcium phosphate biomaterials. J Mater Sci Mater Med 1998; 9: 723-726. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-28]28 
          
            Cheng L, 
          
          
            Ye F, 
          
          
            Yang R. 
          
        et al. Osteoinduction of hydroxyapatite/beta-tricalcium phosphate bioceramics in mice with a fractured fibula. Acta Biomater 2010; 6: 1569-1574. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-29]29 
          
            Ishikawa K, 
          
          
            Asaoka K. 
          
        Estimation of ideal mechanical strength and critical porosity of calcium phosphate cement. J Biomed Mater Res 1995; 29: 1537-1543. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-30]30 
          
            Metsger DS, 
          
          
            Rieger MR, 
          
          
            Foreman DW. 
          
        Mechanical properties of sintered hydroxyapatite and tricalcium phosphate ceramic. J Mater Sci Mater Med 1999; 10: 9-17. 





PubMedGoogle Scholar





	
[bookmark: JR0053-31]31 
          
            Grimm B, 
          
          
            Miles AW, 
          
          
            Turner IG. 
          
        Optimizing a hydroxyapatite/tricalcium-phosphate ceramic as a bone graft extender for impaction grafting. J Mater Sci Mater Med 2001; 12: 929-934. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-32]32 
          
            Shahar R, 
          
          
            Banks-Sills L. 
          
        Biomechanical analysis of the canine hind limb: calculation of forces during three-legged stance. Vet J 2002; 163: 240-250. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR0053-33]33 
          
            Shahar R, 
          
          
            Banks-Sills L. 
          
        A quasi-static three-dimensional, mathematical, three-body segment model of the canine knee. J Biomech 2004; 37: 1849-1859. 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR0053-34]34 
          X3 
        Rationale for Annex A2. Standard specification and test method for metallic bone plates. In: American Society for Testing and Materials. Annual Book of ASTM Standards 2003. West Conshohocken, PA: ASTM International; 2008. P. F382-399. 





Google Scholar





	
[bookmark: JR0053-35]35 
          
            Trecant M, 
          
          
            Delecrin J, 
          
          
            Royer J. 
          
        et al. Mechanical change in macroporous calcium phosphate ceramics after implantation in bone. Clin Mater 1994; 15: 233-240. 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.94.180.229
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  