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Abstract


There is little published data on the strain within the medial patellofemoral ligament (MPFL) and medial retinaculum through knee motion. This study was undertaken to evaluate the three-dimensional strain across the MPFL in the native state, using a proprietary visible-light stereophotogrammetry (VLS) system, and to compare the findings to the strain in a MPFL injury model and in two different reconstructed states. This is a controlled laboratory study. Eight cadaveric knees were marked along the MPFL and medial retinaculum, placed in an activity simulator, and taken through a range a motion. A proprietary VLS system was used to calculate the strain across the medial retinaculum and MPFL at 10 different degrees of knee flexion. This process was repeated in an MPFL injury model, as well as after standardized reconstruction of the MPFL using hamstring autograft performed in both 20 and 45 degrees of flexion. Averaged over all the measurement sites, the maximum principal strain (ε1) within the native MPFL increased rapidly from full extension to 120 degrees of flexion. The highest value of ε1 (87%) was observed at 120 degrees of knee flexion in the MPFL region. The largest change in strain occurred between 25 and 30 degrees (10% increase). The strain patterns in the knees reconstructed at 45 degrees of flexion more closely resembled the strain in the native state than did the strain in the knees reconstructed at 20 degrees. Strain within the native MPFL increases as the knee flexion angle increases, with the largest change occurring between 25 and 30 degrees. Reconstruction of the MPFL at 45 degrees is preferable to reconstruction at 20 degrees as the strain across the medial retinaculum more closely resembles the strain in the native state. Knowledge of the strain across the MPFL should allow for more accurate reconstruction of the MPFL, potentially reducing the risk of patellar maltracking or cartilage overload. The proprietary VLS system used in this study has many potential uses for experimental analysis of strain in the human body.






        
[bookmark: N10C94]
Keywords

medial patellofemoral ligament - 
MPFL - 
medial retinaculum - 
knee ligament - 
biomechanics
      




 

[bookmark: ]

[bookmark: N10E81]
	
References


	
[bookmark: JR130028oa-1]1 Warren LF, Marshall JL. The supporting structures and layers on the medial side of the knee: an anatomical analysis. J Bone Joint Surg Am 1979; 61 (1) 56-62 





PubMedGoogle Scholar





	
[bookmark: JR130028oa-2]2 Reider B, Marshall JL, Ring B. Patellar tracking. Clin Orthop Relat Res 1981; (157) 143-148 





PubMedGoogle Scholar





	
[bookmark: JR130028oa-3]3 Tuxøe JI, Teir M, Winge S, Nielsen PL. The medial patellofemoral ligament: a dissection study. Knee Surg Sports Traumatol Arthrosc 2002; 10 (3) 138-140 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-4]4 Nomura E, Inoue M, Osada N. Anatomical analysis of the medial patellofemoral ligament of the knee, especially the femoral attachment. Knee Surg Sports Traumatol Arthrosc 2005; 13 (7) 510-515 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-5]5 Philippot R, Chouteau J, Wegrzyn J, Testa R, Fessy MH, Moyen B. Medial patellofemoral ligament anatomy: implications for its surgical reconstruction. Knee Surg Sports Traumatol Arthrosc 2009; 17 (5) 475-479 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-6]6 Steensen RN, Dopirak RM, McDonald III WG. The anatomy and isometry of the medial patellofemoral ligament: implications for reconstruction. Am J Sports Med 2004; 32 (6) 1509-1513 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-7]7 Conlan T, Garth Jr WP, Lemons JE. Evaluation of the medial soft-tissue restraints of the extensor mechanism of the knee. J Bone Joint Surg Am 1993; 75 (5) 682-693 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-8]8 Desio SM, Burks RT, Bachus KN. Soft tissue restraints to lateral patellar translation in the human knee. Am J Sports Med 1998; 26 (1) 59-65 





PubMedGoogle Scholar





	
[bookmark: JR130028oa-9]9 Victor J, Wong P, Witvrouw E, Sloten JV, Bellemans J. How isometric are the medial patellofemoral, superficial medial collateral, and lateral collateral ligaments of the knee?. Am J Sports Med 2009; 37 (10) 2028-2036 



Google Scholar





	
[bookmark: JR130028oa-10]10 Ghosh KM, Merican AM, Iranpour-Boroujeni F, Deehan DJ, Amis AA. Length change patterns of the extensor retinaculum and the effect of total knee replacement. J Orthop Res 2009; 27 (7) 865-870 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-11]11 Higuchi T, Arai Y, Takamiya H, Miyamoto T, Tokunaga D, Kubo T. An analysis of the medial patellofemoral ligament length change pattern using open-MRI. Knee Surg Sports Traumatol Arthrosc 2010; 18 (11) 1470-1475 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-12]12 Drez Jr D, Edwards TB, Williams CS. Results of medial patellofemoral ligament reconstruction in the treatment of patellar dislocation. Arthroscopy 2001; 17 (3) 298-306 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-13]13 Smith TO, Walker J, Russell N. Outcomes of medial patellofemoral ligament reconstruction for patellar instability: a systematic review. Knee Surg Sports Traumatol Arthrosc 2007; 15 (11) 1301-1314 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-14]14 Buckens CF, Saris DB. Reconstruction of the medial patellofemoral ligament for treatment of patellofemoral instability: a systematic review. Am J Sports Med 2010; 38 (1) 181-188 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-15]15 Fisher B, Nyland J, Brand E, Curtin B. Medial patellofemoral ligament reconstruction for recurrent patellar dislocation: a systematic review including rehabilitation and return-to-sports efficacy. Arthroscopy 2010; 26 (10) 1384-1394 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-16]16 Howells NR, Barnett AJ, Ahearn N, Ansari A, Eldridge JD. Medial patellofemoral ligament reconstruction: a prospective outcome assessment of a large single centre series. J Bone Joint Surg Br 2012; 94 (9) 1202-1208 





PubMedGoogle Scholar





	
[bookmark: JR130028oa-17]17 Smirk C, Morris H. The anatomy and reconstruction of the medial patellofemoral ligament. Knee 2003; 10 (3) 221-227 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-18]18 Ahmad CS, Brown GD, Stein BS. The docking technique for medial patellofemoral ligament reconstruction: surgical technique and clinical outcome. Am J Sports Med 2009; 37 (10) 2021-2027 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-19]19 Matthews JJ, Schranz P. Reconstruction of the medial patellofemoral ligament using a longitudinal patellar tunnel technique. Int Orthop 2010; 34 (8) 1321-1325 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-20]20 Goyal D. Medial patellofemoral ligament reconstruction: the superficial quad technique. Am J Sports Med 2013; 41 (5) 1022-1029 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-21]21 Lenschow S, Schliemann B, Gestring J, Herbort M, Schulze M, Kösters C. Medial patellofemoral ligament reconstruction: fixation strength of 5 different techniques for graft fixation at the patella. Arthroscopy 2013; 29 (4) 766-773 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-22]22 Elias JJ, Cosgarea AJ. Technical errors during medial patellofemoral ligament reconstruction could overload medial patellofemoral cartilage: a computational analysis. Am J Sports Med 2006; 34 (9) 1478-1485 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-23]23 Melegari TM, Parks BG, Matthews LS. Patellofemoral contact area and pressure after medial patellofemoral ligament reconstruction. Am J Sports Med 2008; 36 (4) 747-752 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-24]24 Kang HJ, Wang F, Chen BC, Su YL, Zhang ZC, Yan CB. Functional bundles of the medial patellofemoral ligament. Knee Surg Sports Traumatol Arthrosc 2010; 18 (11) 1511-1516 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-25]25 Lawrie CM, Noble PC, Ismaily SK, Stal D, Incavo SJ. The flexion-extension axis of the knee and its relationship to the rotational orientation of the tibial plateau. J Arthroplasty 2011; 26 (6) (Suppl): 53-58 , e1 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-26]26 Sakai N, Luo ZP, Rand JA, An KN. In vitro study of patellar position during sitting, standing from squatting, and the stance phase of walking. Am J Knee Surg 1996; 9 (4) 161-166 





PubMedGoogle Scholar





	
[bookmark: JR130028oa-27]27 Okuda T, Fujita T, Kaneuji A, Miaki K, Yasuda Y, Matsumoto T. Stage-specific sagittal spinopelvic alignment changes in osteoarthritis of the hip secondary to developmental hip dysplasia. Spine (Phila Pa 1976) 2007; 32 (26) E816-E819 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-28]28 Ahmed AM, Burke DL, Hyder A. Force analysis of the patellar mechanism. J Orthop Res 1987; 5 (1) 69-85 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-29]29 Schottle PB, Romero J, Schmeling A, Weiler A. Technical note: anatomical reconstruction of the medial patellofemoral ligament using a free gracilis autograft. Arch Orthop Trauma Surg 2008; 128 (5) 479-484 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-30]30 Beck P, Brown NA, Greis PE, Burks RT. Patellofemoral contact pressures and lateral patellar translation after medial patellofemoral ligament reconstruction. Am J Sports Med 2007; 35 (9) 1557-1563 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR130028oa-31]31 Feller JA, Amis AA, Andrish JT, Arendt EA, Erasmus PJ, Powers CM. Surgical biomechanics of the patellofemoral joint. Arthroscopy 2007; 23 (5) 542-553 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.200.190.194
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  