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Abstract

        
Even minor residual fragment malpositioning after internal fixation of ankle fractures is associated with a worse prognosis. Frequent causes for non-anatomical reduction are fibular shortening due to comminuted fractures or poor bone quality, translational or rotational malpositioning of the distal fibula within the tibial incisura with unstable syndesmosis injuries, and inadequately addressed bony avulsions of the tibiofibular syndesmosis. After operative treatment of fracture dislocations with syndesmotic fixation, in case of complex fracture pathoanatomy, and with suspected non-anatomic reduction in postoperative radiographs, computed tomography imaging of both ankles should be performed. Correction of relevant malreductions should be performed as early as possible in order to speed up rehabilitation and to avoid late sequelae due to a load shift or instability in a weight-bearing joint.

      


        
[bookmark: N10D0E]
Key words

        malleolar fracture - 
        malposition - 
        Chaput fragment - 
        tibial rim - 
        syndesmosis
      





[bookmark: info]
Publication History

Article published online:
10 February 2020



© 2021. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 

[bookmark: ]

[bookmark: N11309]
	
References/Literatur


	
[bookmark: R5462-1]1 
          
            Jensen SL, 
          
          
            Andresen BK, 
          
          
            Mencke S. 
          
          et al. 
        Epidemiology of ankle fractures. A prospective population- based study of 212 cases in Aalborg, Denmark. Acta Orthop Scand 1998; 69: 48-50 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-2]2 
          
            Court-Brown CM, 
          
          
            Caesar B. 
          
        Epidemiology of adult fractures: a review. Injury 2006; 37: 691-697 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-3]3 
          
            Kannus P, 
          
          
            Palvanen M, 
          
          
            Niemi S. 
          
          et al. 
        Increasing number and incidence of low-trauma ankle fractures in elderly people: Finnish statistics during 1970–2000 and projections for the future. Bone 2002; 31: 430-433 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-4]4 
          
            Bagger J, 
          
          
            Hølmer P, 
          
          
            Nielsen KF. 
          
        The prognostic importance of primary dislocated ankle joint in patients with malleolar fractures. Acta Orthop Belg 1993; 59: 181-183 





PubMedGoogle Scholar





	
[bookmark: R5462-5]5 
          
            Day GA, 
          
          
            Swanson CE, 
          
          
            Hulcombe BG. 
          
        Operative treatment of ankle fractures: a minimum ten-year follow-up. Foot Ankle Int 2001; 22: 102-106 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-6]6 
          
            Meyer-Wölbert B, 
          
          
            Schmidt R, 
          
          
            Benesch S. 
          
          et al. 
        Die prognostische Bedeutung verletzter Anteile bei Sprunggelenkfrakturen. Chirurg 1999; 70: 1323-1329 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-7]7 
          
            Hintermann B, 
          
          
            Regazzoni P, 
          
          
            Lampert C. 
          
          et al. 
        Arthroscopic findings in acute fractures of the ankle. J Bone Joint Surg Br 2000; 82: 345-351 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-8]8 
          
            Stufkens SA, 
          
          
            Knupp M, 
          
          
            Horisberger M. 
          
          et al. 
        Cartilage lesions and the development of osteoarthritis after internal fixation of ankle fractures: a prospective study. J Bone Joint Surg Am 2010; 92: 279-286 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-9]9 
          
            Verhage SM, 
          
          
            Krijnen P, 
          
          
            Schipper IB. 
          
          et al. 
        Persistent postoperative step-off of the posterior malleolus leads to higher incidence of post-traumatic osteoarthritis in trimalleolar fractures. Arch Orthop Trauma Surg 2019; 139: 323-329 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-10]10 
          
            Lindsjö U. 
          
        Operative treatment of ankle fractures. Acta Orthop Scand Suppl 1981; 189: 1-131 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-11]11 
          
            Phillips WA, 
          
          
            Schwartz HS, 
          
          
            Keller CS. 
          
          et al. 
        A prospective, randomized study of the management of severe ankle fractures. J Bone Joint Surg Am 1985; 67: 67-78 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-12]12 
          
            Olerud C, 
          
          
            Molander H. 
          
        Bi- and trimalleolar ankle fractures operated with nonrigid internal fixation. Clin Orthop Relat Res 1986; (206) 253-260 





PubMedGoogle Scholar





	
[bookmark: R5462-13]13 
          
            Nielson JH, 
          
          
            Gardner MJ, 
          
          
            Peterson MG. 
          
          et al. 
        Radiographic measurements do not predict syndesmotic injury in ankle fractures: an MRI study. Clin Orthop Relat Res 2005; (436) 216-221 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-14]14 
          
            Sagi HC, 
          
          
            Shah AR, 
          
          
            Sanders RW. 
          
        The functional consequence of syndesmotic joint malreduction at a minimum 2-year follow-up. J Orthop Trauma 2012; 26: 439-443 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-15]15 
          
            Ramsey PL, 
          
          
            Hamilton W. 
          
        Changes in tibiotalar area of contact caused by lateral talar shift. J Bone Joint Surg Am 1976; 58: 356-357 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-16]16 
          
            Vrahas M, 
          
          
            Fu F, 
          
          
            Veenis B. 
          
        Intraarticular contact stresses with simulated ankle malunions. J Orthop Trauma 1994; 8: 159-166 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-17]17 
          
            Thordarson DB, 
          
          
            Motamed S, 
          
          
            Hedman T. 
          
          et al. 
        The effect of fibular malreduction on contact pressures in an ankle fracture malunion model. J Bone Joint Surg Am 1997; 79: 1809-1815 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-18]18 
          
            Vasarhelyi A, 
          
          
            Lubitz J, 
          
          
            Gierer P. 
          
          et al. 
        Detection of fibular torsional deformities after surgery for ankle fractures with a novel CT method. Foot Ankle Int 2006; 27: 1115-1121 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-19]19 
          
            Kannus P, 
          
          
            Palvanen M, 
          
          
            Niemi S. 
          
          et al. 
        Stabilizing incidence of low-trauma ankle fractures in elderly people Finnish statistics in 1970–2006 and prediction for the future. Bone 2008; 43: 340-342 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-20]20 
          
            Rammelt S. 
          
        Management of ankle fractures in the elderly. EFORT Open Rev 2017; 13: 239-246 





PubMedGoogle Scholar





	
[bookmark: R5462-21]21 
          
            Weber BG. 
          
        Lengthening osteotomy of the fibula to correct a widened mortice of the ankle after fracture. Int Orthop 1981; 4: 289-293 





PubMedGoogle Scholar





	
[bookmark: R5462-22]22 
          
            Rammelt S, 
          
          
            Marti RK, 
          
          
            Zwipp H. 
          
        Gelenkerhaltende Osteotomien fehlverheilter Sprunggelenk- und Pilonfrakturen. Unfallchirurg 2013; 116: 789-796 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-23]23 
          
            Bartoníček J, 
          
          
            Rammelt S, 
          
          
            Tuček M. 
          
        Posterior malleolar fractures: changing concepts and recent developments. Foot Ankle Clin 2017; 22: 125-145 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-24]24 
          
            Richter J, 
          
          
            Pommer A, 
          
          
            Breuer R. 
          
          et al. 
        Unexpected revision procedures treating ankle fractures. Unfallchirurg 2012; 115: 511-517 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-25]25 
          
            Weber BG. 
          
        Verletzungen des oberen Sprunggelenkes. Aktuelle Probleme in der Chirurgie. Vol. 3. Bern, Stuttgart: Huber; 1966 





Google Scholar





	
[bookmark: R5462-26]26 
          
            Marti RK, 
          
          
            Raaymakers ELFB, 
          
          
            Rammelt S. 
          
        Rekonstruktion fehlverheilter Sprunggelenkfrakturen. Fuß Sprungg 2009; 7: 78-87 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-27]27 
          
            Lauge-Hansen N. 
          
        Fractures of the ankle. Analytic-historic survey as the basis of new experimental, roentgenologic and clinical investigations. Arch Surg 1948; 56: 259-317 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-28]28 
          
            Tornetta 3rd P, 
          
          
            Axelrad TW, 
          
          
            Sibai TA. 
          
          et al. 
        Treatment of the stress positive ligamentous SE4 ankle fracture: incidence of syndesmotic injury and clinical decision making. J Orthop Trauma 2012; 26: 659-661 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-29]29 
          
            Pettrone FA, 
          
          
            Gail M, 
          
          
            Pee D. 
          
          et al. 
        Quantitative criteria for prediction of the results after displaced fracture of the ankle. J Bone Joint Surg Am 1983; 65: 667-677 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-30]30 
          
            Franke J, 
          
          
            von Recum J, 
          
          
            Suda AJ. 
          
          et al. 
        Intraoperative three-dimensional imaging in the treatment of acute unstable syndesmotic injuries. J Bone Joint Surg Am 2012; 94: 1386-1390 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-31]31 
          
            Beck M, 
          
          
            Mittlmeier T. 
          
        Spezielle Probleme und Spätfolgen nach OSG-Fraktur. Trauma Berufskrankh 2004; 6: 408-416 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-32]32 
          
            Miller AN, 
          
          
            Barei DP, 
          
          
            Iaquinto JM. 
          
          et al. 
        Iatrogenic syndesmosis malreduction via clamp and screw placement. J Orthop Trauma 2013; 27: 100-106 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-33]33 
          
            Pang EQ, 
          
          
            Coughlan M, 
          
          
            Bonaretti S. 
          
          et al. 
        Assessment of open syndesmosis reduction techniques in an unbroken fibula model: visualization versus palpation. J Orthop Trauma 2019; 33: e14-e18 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-34]34 
          
            Boszczyk A, 
          
          
            Kwapisz S, 
          
          
            Krümmel M. 
          
          et al. 
        Correlation of incisura anatomy with syndesmotic malreduction. Foot Ankle Int 2018; 39: 369-375 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-35]35 
          
            Höcker K, 
          
          
            Pachucki A. 
          
        Die Incisura fibularis tibiae. Die Stellung der Fibula in der distalen Syndesmose am Querschnitt. Unfallchirurg 1989; 92: 401-406 





PubMedGoogle Scholar





	
[bookmark: R5462-36]36 
          
            Elgafy H, 
          
          
            Semaan HB, 
          
          
            Blessinger B. 
          
          et al. 
        Computed tomography of normal distal tibiofibular syndesmosis. Skeletal Radiol 2010; 39: 559-564 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-37]37 
          
            Pelton K, 
          
          
            Thordarson DB, 
          
          
            Barnwell J. 
          
        Open versus closed treatment of the fibula in Maissoneuve injuries. Foot Ankle Int 2010; 31: 604-608 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-38]38 
          
            Zwipp H, 
          
          
            Rammelt S. 
          
        Frakturen und Luxationen. In: 
              
                Wirth CJ, 
              
              
                Zichner L. 
              
              Hrsg. 
            Fuß, Orthopädie und Orthopädische Chirurgie in 8 Bänden. Stuttgart, New York: Thieme; 2002: 531-618 





Google Scholar





	
[bookmark: R5462-39]39 
          
            Rammelt S, 
          
          
            Boszczyk A. 
          
        Computed tomography in the diagnosis and treatment of ankle fractures: a critical analysis review. JBJS Rev 2018; 6: e7 



Google Scholar





	
[bookmark: R5462-40]40 
          
            Gardner MJ, 
          
          
            Demetrakopoulos D, 
          
          
            Briggs SM. 
          
          et al. 
        The ability of the Lauge-Hansen classification to predict ligament injury and mechanism in ankle fractures: an MRI study. J Orthop Trauma 2006; 20: 267-272 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-41]41 
          
            Rammelt S, 
          
          
            Manke E. 
          
        Syndesmosenverletzungen. Unfallchirurg 2018; 121: 693-703 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-42]42 
          
            Mukhopadhyay S, 
          
          
            Metcalfe A, 
          
          
            Guha AR. 
          
          et al. 
        Malreduction of syndesmosis – are we considering the anatomical variation?. Injury 2011; 42: 1073-1076 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-43]43 
          
            Rammelt S, 
          
          
            Zwipp H, 
          
          
            Grass R. 
          
        Injuries to the distal tibiofibular syndesmosis: an evidence-based approach to acute and chronic lesions. Foot Ankle Clin 2008; 13: 611-633 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-44]44 
          
            Heineck J, 
          
          
            Serra A, 
          
          
            Haupt C. 
          
          et al. 
        Accuracy of corrective osteotomies in fibular malunion: a cadaver model. Foot Ankle Int 2009; 30: 773-777 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-45]45 
          
            Rammelt S, 
          
          
            Heim D, 
          
          
            Hofbauer LC. 
          
          et al. 
        Probleme und Kontroversen in der Behandlung von Sprunggelenkfrakturen. Unfallchirurg 2011; 114: 847-860 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-46]46 
          
            Rammelt S, 
          
          
            Zwipp H. 
          
        Intra-articular osteotomy for correction of malunions and nonunions of the tibial pilon. Foot Ankle Clin 2016; 21: 63-76 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-47]47 
          
            Zwipp H, 
          
          
            Grass R, 
          
          
            Rammelt S. 
          
        Osteotomien – Distaler Unterschenkel und Sprunggelenk. OP-Journal 2011; 27: 260-267 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R5462-48]48 
          
            Mast JW, 
          
          
            Teipner WA. 
          
        A reproducible approach to the internal fixation of adult ankle fractures: rationale, technique, and early results. Orthop Clin North Am 1980; 11: 661-679 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-49]49 
          
            Bartoníček J, 
          
          
            Rammelt S, 
          
          
            Kostlivý K. 
          
          et al. 
        Anatomy and classification of the posterior tibial fragment in ankle fractures. Arch Orthop Trauma Surg 2015; 135: 505-516 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-50]50 
          
            Miller AN, 
          
          
            Carroll EA, 
          
          
            Parker RJ. 
          
          et al. 
        Posterior malleolar stabilization of syndesmotic injuries is equivalent to screw fixation. Clin Orthop Relat Res 2010; 468: 1129-1135 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-51]51 
          
            Sutter PM, 
          
          
            Peltzer J. 
          
        Principles of operative treatment of malleolar fractures today. Eur J Trauma Emerg Surg 2010; 36: 505-514 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-52]52 
          
            Vries J, 
          
          
            Wijgman AJ, 
          
          
            Sierevelt I. 
          
          et al. 
        Long-term results of ankle fractures with a posterior malleolar fragment. J Foot Ankle Surg 2005; 44: 211-217 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-53]53 
          
            Langenhuijsen JF, 
          
          
            Heetveld MJ, 
          
          
            Ultee JM. 
          
          et al. 
        Results of ankle fractures with involvement of the posterior tibial margin. J Trauma 2002; 53: 55-60 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-54]54 
          
            Ochman S, 
          
          
            Rammelt S. 
          
        Sprunggelenkfrakturen und Korrektur von Fehlheilungen. In: 
              
                Sabo D, 
              
              
                Rammelt S. 
              
              Hrsg. 
            Rückfußchirurgie. Berlin, Heidelberg, New York: Springer; 2017: 236-255 





Google Scholar





	
[bookmark: R5462-55]55 
          
            Yi JW, 
          
          
            Park HJ, 
          
          
            Lee SY. 
          
          et al. 
        Radiation dose reduction in multidetector CT in fracture evaluation. Br J Radiol 2017; 90: 20170240 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-56]56 
          
            Konda SR, 
          
          
            Goch AM, 
          
          
            Haglin J. 
          
          et al. 
        Ultralow-dose CT (REDUCTION Protocol) for extremity fracture evaluation is as safe and effective as conventional CT: an evaluation of quality outcomes. J Orthop Trauma 2018; 32: 216-222 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-57]57 
          
            Gensior TJ, 
          
          
            Schoepp C. 
          
        Frakturen des oberen Sprunggelenks – Wann ist eine Arthroskopie indiziert?. Arthroskopie 2018; 31: 66-73 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5462-58]58 
          
            Richter M. 
          
        Intraoperative 3D-imaging in foot and ankle trauma – clinical examples and study results. Fuß Sprungg 2016; 14: 23-31 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.82.145.95
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  