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[bookmark: N10C5E]
Abstract


Knee varus deformity is a condition where the mechanical axis of the lower extremity is displaced medially. As a result, the medial compartment of the knee is overloaded and is prone to degenerative changes. The mechanical compromise of the medial compartment of the knee is very disabling, especially if affecting young and active individuals. Valgus-producing high tibial osteotomies (HTOs) were designed to shift the mechanical axis laterally, transferring the load to the knee compartment which is asymptomatic. HTO is a well-accepted concept for the management of medial unicompartmental knee arthritis. Medial joint line pain associated with metaphyseal varus deformity in a young patient is the essential criteria to indicate an HTO. Symptomatic young patients who do not have a bone-on-bone pathology may be benefited from HTO since for those individuals a unicompartmental knee replacement is contraindicated. Surgical technique matters in cases of HTO. Dome, lateral closing wedge, and medial opening wedge techniques have been reported with mixed results. Recent developments in fixation techniques, namely, the development of implants with angular stability, introduced safety, and reproducibility to open wedge HTOs, which became the preferred correction method for varus deformity of the knee. This article aims to cover the indications and contraindications of HTO with a focus on the unique aspects of the biplanar open wedge tibial osteotomy.




        
[bookmark: N10C67]
Keywords

knee arthritis - 
varus knee - 
high tibial osteotomy - 
open wedge osteotomy
      




 

[bookmark: ]

[bookmark: N10F69]
	
References


	
[bookmark: JR17may0012ssa-1]1 

Buckwalter JA, 


Saltzman C, 


Brown T. 

The impact of osteoarthritis: implications for research. Clin Orthop Relat Res 2004; (427, Suppl): S6-S15 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-2]2 

Lawrence RC, 


Helmick CG, 


Arnett FC. 

, et al.  Estimates of the prevalence of arthritis and selected musculoskeletal disorders in the United States. Arthritis Rheum 1998; 41 (05) 778-799 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-3]3 

Kellgren JH, 


Lawrence JS. 

Radiological assessment of osteo-arthrosis. Ann Rheum Dis 1957; 16 (04) 494-502 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR17may0012ssa-4]4 

Paley D, 


Herzenberg JE. 

Principles of Deformity Correction. New York: Springer Verlag; 2001 





Google Scholar





	
[bookmark: JR17may0012ssa-5]5 

Sharma L, 


Song J, 


Felson DT, 


Cahue S, 


Shamiyeh E, 


Dunlop DD. 

The role of knee alignment in disease progression and functional decline in knee osteoarthritis. JAMA 2001; 286 (02) 188-195 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-6]6 

Coventry MB. 

Osteotomy of the upper portion of the tibia for degenerative arthritis of the knee. A preliminary report. J Bone Joint Surg Am 1965; 47: 984-990 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-7]7 

Maquet P, 


de Marchin P, 


Simonet J. 

Biomechanics of the knee and gonarthrosis [in French]. Rhumatologie 1967; 19 (02) 51-70 





PubMedGoogle Scholar





	
[bookmark: BR17may0012ssa-8]8 

Heaton KT, 


Dorr LD. 

History of knee arthroplasty.  In:  

Callaghan JJ, 


Rosenberg AG, 


Rubash HE, 


Simonian PT, 


Wickeewicz TL. 

, eds.  The Adult Knee. Philadelphia: Lippincott Williams and Wilkins; 2003: 15-24 





Google Scholar





	
[bookmark: JR17may0012ssa-9]9 

W-Dahl A, 


Robertsson O, 


Lidgren L. 

Surgery for knee osteoarthritis in younger patients. A Swedish Register Study. Acta Orthop 2010; 81 (02) 161-164 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-10]10 

Haddad FS, 


Oussedik S. 

Shifting paradigms in knee arthroplasty. Bone Joint J 2014; 96-B (7, 96-B): 855-856 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-11]11 

Brinkman JM, 


Lobenhoffer P, 


Agneskirchner JD, 


Staubli AE, 


Wymenga AB, 


van Heerwaarden RJ. 

Osteotomies around the knee: patient selection, stability of fixation and bone healing in high tibial osteotomies. J Bone Joint Surg Br 2008; 90 (12) 1548-1557 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-12]12 

Jackson JP. 

Osteotomy for osteoarthritis of the knee. J Bone Joint Surg Br 1958; 40: 826 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-13]13 

Hernigou P, 


Medevielle D, 


Debeyre J, 


Goutallier D. 

Proximal tibial osteotomy for osteoarthritis with varus deformity. A ten to thirteen-year follow-up study. J Bone Joint Surg Am 1987; 69 (03) 332-354 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-14]14 

Nakamura E, 


Mizuta H, 


Kudo S, 


Takagi K, 


Sakamoto K. 

Open-wedge osteotomy of the proximal tibia with hemicallotasis. J Bone Joint Surg Br 2001; 83 (08) 1111-1115 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-15]15 

Magyar G, 


Toksvig-Larsen S, 


Lindstrand A. 

Open wedge tibial osteotomy by callus distraction in gonarthrosis. Operative technique and early results in 36 patients. Acta Orthop Scand 1998; 69 (02) 147-151 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-16]16 

Brouwer RW, 


Bierma-Zeinstra SM, 


van Raaij TM, 


Verhaar JA. 

Osteotomy for medial compartment arthritis of the knee using a closing wedge or an opening wedge controlled by a Puddu plate. A one-year randomised, controlled study. J Bone Joint Surg Br 2006; 88 (11) 1454-1459 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-17]17 

Smith JO, 


Wilson AJ, 


Thomas NP. 

Osteotomy around the knee: evolution, principles and results. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 3-22 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-18]18 

Warden SJ, 


Morris HG, 


Crossley KM, 


Brukner PD, 


Bennell KL. 

Delayed- and non-union following opening wedge high tibial osteotomy: surgeons' results from 182 completed cases. Knee Surg Sports Traumatol Arthrosc 2005; 13 (01) 34-37 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-19]19 

Miller BS, 


Downie B, 


McDonough EB, 


Wojtys EM. 

Complications after medial opening wedge high tibial osteotomy. Arthroscopy 2009; 25 (06) 639-646 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-20]20 

Jacobi M, 


Wahl P, 


Jakob RP. 

Avoiding intraoperative complications in open-wedge high tibial valgus osteotomy: technical advancement. Knee Surg Sports Traumatol Arthrosc 2010; 18 (02) 200-203 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-21]21 

Miller BS, 


Dorsey WO, 


Bryant CR, 


Austin JC. 

The effect of lateral cortex disruption and repair on the stability of the medial opening wedge high tibial osteotomy. Am J Sports Med 2005; 33 (10) 1552-1557 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-22]22 

Paccola CA, 


Fogagnolo F. 

Open-wedge high tibial osteotomy: a technical trick to avoid loss of reduction of the opposite cortex. Knee Surg Sports Traumatol Arthrosc 2005; 13 (01) 19-22 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-23]23 

Freitas RL, 


Rosa RC, 


Paccola CJ, 


Kfuri M. 

Open wedge tibial osteotomy: biomechanical relevance of the opposite cortex for the fixation method. Acta Ortop Bras 2010; 18 (04) 224-229 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-24]24 

Han SB, 


Lee DH, 


Shetty GM, 


Chae DJ, 


Song JG, 


Nha KW-A. 

A “safe zone” in medial open-wedge high tibia osteotomy to prevent lateral cortex fracture. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 90-95 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-25]25 

Staubli AE, 


De Simoni C, 


Babst R, 


Lobenhoffer P. 

TomoFix: a new LCP-concept for open wedge osteotomy of the medial proximal tibia--early results in 92 cases. Injury 2003; 34 (Suppl. 02) B55-B62 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-26]26 

Lobenhoffer P, 


Agneskirchner JD. 

Improvements in surgical technique of valgus high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc 2003; 11 (03) 132-138 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-27]27 

Floerkemeier S, 


Staubli AE, 


Schroeter S, 


Goldhahn S, 


Lobenhoffer P. 

Outcome after high tibial open-wedge osteotomy: a retrospective evaluation of 533 patients. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 170-180 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-28]28 

Magnussen RA, 


Lustig S, 


Demey G, 


Neyret P, 


Servien E. 

The effect of medial opening and lateral closing high tibial osteotomy on leg length. Am J Sports Med 2011; 39 (09) 1900-1905 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-29]29 

Hernigou P, 


Jaafar A, 


Hamdadou A. 

Leg length changes after upper tibial osteotomy: analysis of different preoperative planning methods [in French]. Rev Chir Orthop Repar Appar Mot 2002; 88 (01) 68-73 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-30]30 

Bae DK, 


Song SJ, 


Kim HJ, 


Seo JW. 

Change in limb length after high tibial osteotomy using computer-assisted surgery: a comparative study of closed- and open-wedge osteotomies. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 120-126 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-31]31 

Savarese E, 


Bisicchia S, 


Romeo R, 


Amendola A. 

Role of high tibial osteotomy in chronic injuries of posterior cruciate ligament and posterolateral corner. J Orthop Traumatol 2011; 12 (01) 1-17 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-32]32 

Webb JM, 


Salmon LJ, 


Leclerc E, 


Pinczewski LA, 


Roe JP. 

Posterior tibial slope and further anterior cruciate ligament injuries in the anterior cruciate ligament-reconstructed patient. Am J Sports Med 2013; 41 (12) 2800-2804 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR17may0012ssa-33]33 

Rand JA, 


Neyret P. 

ISAKOS Meeting on the Management of Osteoarthritis of the Knee Prior to Total Knee Arthroplasty. Hollywood, Florida: ISAKOS Congress; 2005 





Google Scholar





	
[bookmark: JR17may0012ssa-34]34 

Seil R, 


van Heerwaarden R, 


Lobenhoffer P, 


Kohn D. 

The rapid evolution of knee osteotomies. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 1-2 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-35]35 

Saito T, 


Kumagai K, 


Akamatsu Y, 


Kobayashi H, 


Kusayama Y. 

Five- to ten-year outcome following medial opening-wedge high tibial osteotomy with rigid plate fixation in combination with an artificial bone substitute. Bone Joint J 2014; 96-B (3, 96-B): 339-344 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-36]36 

Ivarsson I, 


Myrnerts R, 


Gillquist J. 

High tibial osteotomy for medial osteoarthritis of the knee. A 5 to 7 and 11 year follow-up. J Bone Joint Surg Br 1990; 72 (02) 238-244 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-37]37 

Rudan JF, 


Simurda MA. 

High tibial osteotomy. A prospective clinical and roentgenographic review. Clin Orthop Relat Res 1990; (255) 251-256 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-38]38 

Kohn L, 


Sauerschnig M, 


Iskansar S. 

, et al.  Age does not influence the clinical outcome after high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 146-151 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-39]39 

Fujisawa Y, 


Masuhara K, 


Shiomi S. 

The effect of high tibial osteotomy on osteoarthritis of the knee. An arthroscopic study of 54 knee joints. Orthop Clin North Am 1979; 10 (03) 585-608 



Google Scholar





	
[bookmark: JR17may0012ssa-40]40 

Feucht MJ, 


Minzlaff P, 


Saier T. 

, et al.  Degree of axis correction in valgus high tibial osteotomy: proposal of an individualised approach. Int Orthop 2014; 38 (11) 2273-2280 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-41]41 

Schröter S, 


Günzel J, 


Freude T, 


Ateschrang A, 


Stöckle U, 


Albrecht D. 

Precision in the planning of open wedge HTO [in German]. Z Orthop Unfall 2012; 150 (04) 368-373 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-42]42 

Amis AA. 

Biomechanics of high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 197-205 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-43]43 

Saragaglia D, 


Blaysat M, 


Mercier N, 


Grimaldi M. 

Results of forty two computer-assisted double level osteotomies for severe genu varum deformity. Int Orthop 2012; 36 (05) 999-1003 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-44]44 

Schröter S, 


Ihle C, 


Mueller J, 


Lobenhoffer P, 


Stöckle U, 


van Heerwaarden R. 

Digital planning of high tibial osteotomy. Interrater reliability by using two different software. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 189-196 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-45]45 

Lash NJ, 


Feller JA, 


Batty LM, 


Wasiak J, 


Richmond AK. 

Bone grafts and bone substitutes for opening-wedge osteotomies of the knee: a systematic review. Arthroscopy 2015; 31 (04) 720-730 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-46]46 

Salim R, 


Fogagnolo F, 


Perina MM, 


Rubio UM, 


Kfuri Jr. M. 

Conventional plate and screws in medial opening-wedge high tibial osteotomy: are they sufficiently stable? A retrospective study. Rev Bras Ortop 2017; DOI: 10.1016/j.rboe.2016.09.007. 





PubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-47]47 

Cook JL, 


Stoker AM, 


Stannard JP. 

, et al.  A novel system improves preservation of osteochondral allografts. Clin Orthop Relat Res 2014; 472 (11) 3404-3414 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-48]48 

Stoffel K, 


Stachowiak G, 


Kuster M. 

Open wedge high tibial osteotomy: biomechanical investigation of the modified Arthrex Osteotomy Plate (Puddu Plate) and the TomoFix Plate. Clin Biomech (Bristol, Avon) 2004; 19 (09) 944-950 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-49]49 

Schröter S, 


Mueller J, 


van Heerwaarden R, 


Lobenhoffer P, 


Stöckle U, 


Albrecht D. 

Return to work and clinical outcome after open wedge HTO. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 213-219 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-50]50 

Murray DW, 


Goodfellow JW, 


O'Connor JJ. 

The Oxford medial unicompartmental arthroplasty: a ten-year survival study. J Bone Joint Surg Br 1998; 80 (06) 983-989 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR17may0012ssa-51]51 

Spahn G, 


Hofmann GO, 


von Engelhardt LV, 


Li M, 


Neubauer H, 


Klinger HM. 

The impact of a high tibial valgus osteotomy and unicondylar medial arthroplasty on the treatment for knee osteoarthritis: a meta-analysis. Knee Surg Sports Traumatol Arthrosc 2013; 21 (01) 96-112 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 34.239.227.49
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  