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Abstract


This review article describes the potential range of image-guided interventional procedures performed following foot and ankle ligament and/or tendon repair. Diagnosis of the cause of recurrent or persistent pain/symptoms in this postoperative group is challenging and requires a coordinated clinical and radiologic assessment. This directs appropriate treatment including image-guided intervention that may be used both as a diagnostic tool and a therapeutic option. There is a paucity of high-quality studies on the role of image-guided intervention in the foot and ankle after ligament/tendon repair. Many of the procedures used in this group are extrapolated from other areas of the body or the preoperative scenario. We review the role of imaging to identify the cause of postsurgical symptoms and to direct appropriate image-guided intervention. The available injectables and their roles are discussed. Specific surgical procedures are described including lateral ligament repair, Achilles repair, posterior tibialis tendon surgery, and peroneal tendon surgery.






        
[bookmark: N10B8A]
Keywords

postoperative-guided intervention - 
foot and ankle - 
tendon and ligament repair
      




 

[bookmark: ]

[bookmark: N10F8F]
	
References


	
[bookmark: JR00878b-1]1 Alfredson H, Cook J. A treatment algorithm for managing Achilles tendinopathy: new treatment options. Br J Sports Med 2007; 41 (4) 211-216 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-2]2 Zanetti M, Saupe N, Espinosa N. Postoperative MR imaging of the foot and ankle: tendon repair, ligament repair, and Morton's neuroma resection. Semin Musculoskelet Radiol 2010; 14 (3) 357-364 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR00878b-3]3 Cerezal L, Llopis E, Canga A, Rolón A. MR arthrography of the ankle: indications and technique. Radiol Clin North Am 2008; 46 (6) 973-994 , v 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-4]4 Kraniotis P, Maragkos S, Tyllianakis M, Petsas T, Karantanas AH. Ankle post-traumatic osteoarthritis: a CT arthrography study in patients with bi- and trimalleolar fractures. Skeletal Radiol 2012; 41 (7) 803-809 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-5]5 McKenna PB, O'shea K, Burke T. Less is more: lag screw only fixation of lateral malleolar fractures. Int Orthop 2007; 31 (4) 497-502 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-6]6 Chicklore S, Gnanasegaran G, Vijayanathan S, Fogelman I. Potential role of multislice SPECT/CT in impingement syndrome and soft-tissue pathology of the ankle and foot. Nucl Med Commun 2013; 34 (2) 130-139 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-7]7 Palestro CJ, Love C, Tronco GG, Tomas MB, Rini JN. Combined labeled leukocyte and technetium 99m sulfur colloid bone marrow imaging for diagnosing musculoskeletal infection. Radiographics 2006; 26 (3) 859-870 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR00878b-8]8 WADA. The 2012 Prohibited list: the international standard. Montreal, Canada: WADA; 2011 





Google Scholar





	
[bookmark: JR00878b-9]9 Kamath R, Strichartz G, Rosenthal D. Cartilage toxicity from local anesthetics. Skeletal Radiol 2008; 37 (10) 871-873 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-10]10 MacMahon PJ, Eustace SJ, Kavanagh EC. Injectable corticosteroid and local anesthetic preparations: a review for radiologists. Radiology 2009; 252 (3) 647-661 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-11]11 Piper SL, Kim HT. Comparison of ropivacaine and bupivacaine toxicity in human articular chondrocytes. J Bone Joint Surg Am 2008; 90 (5) 986-991 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-12]12 Coombes BK, Bisset L, Vicenzino B. Efficacy and safety of corticosteroid injections and other injections for management of tendinopathy: a systematic review of randomised controlled trials. Lancet 2010; 376 (9754) 1751-1767 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-13]13 Campbell RSD, Dunn AJ. Radiological interventions for soft tissue injuries in sport. Br J Radiol 2012; 85 (1016) 1186-1193 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-14]14 Harrison S, Vavken P, Kevy S, Jacobson M, Zurakowski D, Murray MM. Platelet activation by collagen provides sustained release of anabolic cytokines. Am J Sports Med 2011; 39 (4) 729-734 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-15]15 Ryan M, Wong A, Taunton J. Favorable outcomes after sonographically guided intratendinous injection of hyperosmolar dextrose for chronic insertional and midportion achilles tendinosis. AJR Am J Roentgenol 2010; 194 (4) 1047-1053 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-16]16 Ryan MB, Wong AD, Gillies JH, Wong J, Taunton JE. Sonographically guided intratendinous injections of hyperosmolar dextrose/lidocaine: a pilot study for the treatment of chronic plantar fasciitis. Br J Sports Med 2009; 43 (4) 303-306 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-17]17 Louis LJ. Musculoskeletal ultrasound intervention: principles and advances. Radiol Clin North Am 2008; 46: 515e33 





PubMedGoogle Scholar





	
[bookmark: JR00878b-18]18 Lind B, Ohberg L, Alfredson H. Sclerosing polidocanol injections in mid-portion Achilles tendinosis: remaining good clinical results and decreased tendon thickness at 2-year follow-up. Knee Surg Sports Traumatol Arthrosc 2006; 14 (12) 1327-1332 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-19]19 Ohberg L, Alfredson H. Ultrasound guided sclerosis of neovessels in painful chronic Achilles tendinosis: pilot study of a new treatment. Br J Sports Med 2002; 36 (3) 173-175 , discussion 176–177 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-20]20 Robotti G, Canepa MG, Bortolotto C, Draghi F. Interventional musculoskeletal US: an update on materials and methods. J Ultrasound 2013; 16 (2) 45-55 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-21]21 Tagliafico A, Serafini G, Sconfienza LM , et al.  Ultrasound-guided viscosupplementation of subacromial space in elderly patients with cuff tear arthropathy using a high weight hyaluronic acid: prospective open-label non-randomized trial. Eur Radiol 2011; 21 (1) 182-187 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-22]22 Migliore A, Giovannangeli F, Bizzi E , et al.  Viscosupplementation in the management of ankle osteoarthritis: a review. Arch Orthop Trauma Surg 2011; 131 (1) 139-147 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-23]23 Salk RS, Chang TJ, D'Costa WF, Soomekh DJ, Grogan KA. Sodium hyaluronate in the treatment of osteoarthritis of the ankle: a controlled, randomized, double-blind pilot study. J Bone Joint Surg Am 2006; 88 (2) 295-302 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-24]24 Sun SF, Chou YJ, Hsu CW , et al.  Efficacy of intra-articular hyaluronic acid in patients with osteoarthritis of the ankle: a prospective study. Osteoarthritis Cartilage 2006; 14 (9) 867-874 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-25]25 Han SH, Park Y, Kim TH. Prognostic factors after intra-articular hyaluronic acid injection in ankle osteoarthritis. Yonsei Med J 2014; 55 (4) 1080-1086 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-26]26 Chan VO, Morrison WB, Kavanagh EC. Postoperative infection in the foot and ankle. Semin Musculoskelet Radiol 2012; 16 (3) 241-253 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR00878b-27]27 Font-Vizcarra L, García S, Martínez-Pastor JC, Sierra JM, Soriano A. Blood culture flasks for culturing synovial fluid in prosthetic joint infections. Clin Orthop Relat Res 2010; 468 (8) 2238-2243 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-28]28 Parvizi J, McKenzie JC, Cashman JP. Diagnosis of periprosthetic joint infection using synovial C-reactive protein. J Arthroplasty 2012; 27 (8, Suppl) 12-16 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-29]29 Redfern DJ, Sauvé PS, Sakellariou A. Investigation of incidence of superficial peroneal nerve injury following ankle fracture. Foot Ankle Int 2003; 24 (10) 771-774 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-30]30 Suzangar M, Rosenfeld P. Ankle arthroscopy: is preoperative marking of the superficial peroneal nerve important?. J Foot Ankle Surg 2012; 51 (2) 179-181 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-31]31 Zengerink M, van Dijk CN. Complications in ankle arthroscopy. Knee Surg Sports Traumatol Arthrosc 2012; 20 (8) 1420-1431 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-32]32 Peters JW, Trevino SG, Renstrom PA. Chronic lateral ankle instability. Foot Ankle 1991; 12 (3) 182-191 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-33]33 Sammarco VJ. Complications of lateral ankle ligament reconstruction. Clin Orthop Relat Res 2001; (391) 123-132 





PubMedGoogle Scholar





	
[bookmark: JR00878b-34]34 Freedman LS, Jenkins AI, Jenkins DH. Carbon fibre reinforcement for chronic lateral ankle instability. Injury 1988; 19 (1) 25-27 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-35]35 Becker HP, Ebner S, Ebner D , et al.  12-year outcome after modified Watson-Jones tenodesis for ankle instability. Clin Orthop Relat Res 1999; (358) 194-204 





PubMedGoogle Scholar





	
[bookmark: BR00878b-36]36 Sammarco VJ, Schon LC. Nerve Injuries of the Lateral Leg and Ankle.  In  Pfeffer GB,  (ed).  Chronic Ankle Pain in the Athlete.  Rosemont, IL. American Academy of Orthopaedic Surgeons Monograph Series 71–84, 2000. 





Google Scholar





	
[bookmark: JR00878b-37]37 Becker HP, Rosenbaum D, Zeithammer G, Gerngross H, Claes L. Gait pattern analysis after ankle ligament reconstruction (modified Evans procedure). Foot Ankle Int 1994; 15 (9) 477-482 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-38]38 Cui Q, Milbrandt T, Millington S, Anderson M, Hurwitz S. Treatment of posttraumatic adhesive capsulitis of the ankle: a case series. Foot Ankle Int 2005; 26 (8) 602-606 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-39]39 Linklater JM, Fessa CK. Imaging findings in arthrofibrosis of the ankle and foot. Semin Musculoskelet Radiol 2012; 16 (3) 185-191 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR00878b-40]40 Lui TH, Chan WK, Chan KB. The arthroscopic management of frozen ankle. Arthroscopy 2006; 22 (3) 283-286 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-41]41 Amendola A, Petrik J, Webster-Bogaert S. Ankle arthroscopy: outcome in 79 consecutive patients. Arthroscopy 1996; 12 (5) 565-573 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-42]42 Bonnin M, Bouysset M. Arthroscopy of the ankle: analysis of results and indications on a series of 75 cases. Foot Ankle Int 1999; 20 (11) 744-751 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-43]43 Brown CA, Toth AP, Magnussen B. Clinical benefits of intra-articular anakinra for arthrofibrosis. Orthopedics 2010; 33 (12) 877 





PubMedGoogle Scholar





	
[bookmark: JR00878b-44]44 Baltzer AW, Moser C, Jansen SA, Krauspe R. Autologous conditioned serum (Orthokine) is an effective treatment for knee osteoarthritis. Osteoarthritis Cartilage 2009; 17 (2) 152-160 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-45]45 Quraishi NA, Johnston P, Bayer J, Crowe M, Chakrabarti AJ. Thawing the frozen shoulder. A randomised trial comparing manipulation under anaesthesia with hydrodilatation. J Bone Joint Surg Br 2007; 89 (9) 1197-1200 





PubMedGoogle Scholar





	
[bookmark: JR00878b-46]46 Yoong P, Duffy S, McKean D, Hujairi NP, Mansour R, Teh JL. Targeted ultrasound-guided hydrodilatation via the rotator interval for adhesive capsulitis. Skeletal Radiol 2015; 44 (5) 703-708 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-47]47 Dalton GP, Wapner KL, Hecht PJ. Complications of achilles and posterior tibial tendon surgeries. Clin Orthop Relat Res 2001; (391) 133-139 





PubMedGoogle Scholar





	
[bookmark: JR00878b-48]48 Majewski M, Rohrbach M, Czaja S, Ochsner P. Avoiding sural nerve injuries during percutaneous Achilles tendon repair. Am J Sports Med 2006; 34 (5) 793-798 





CrossrefPubMedGoogle Scholar





	
[bookmark: OR00878b-49]49 Franklyn-Miller A, Falvey E, Brunker P, McCrory P. The Paratenon – a Fallacy of Sports Medicine.  Poster Presented at the Fascia Research congress; October 27 th; 2009; Amsterdam 





PubMedGoogle Scholar





	
[bookmark: JR00878b-50]50 Calleja M, Connell DA. The Achilles tendon. Semin Musculoskelet Radiol 2010; 14 (3) 307-322 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR00878b-51]51 Chan O, O'Dowd D, Padhiar N , et al.  High volume image guided injections in chronic Achilles tendinopathy. Disabil Rehabil 2008; 30 (20–22) 1697-1708 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-52]52 Johnson KA, Strom DE. Tibialis posterior tendon dysfunction. Clin Orthop Relat Res 1989; 239 (239) 196-206 





PubMedGoogle Scholar





	
[bookmark: JR00878b-53]53 Mankey MG. A classification of severity with an analysis of causative problems related to the type of treatment. Foot Ankle Clin 2003; 8 (3) 461-471 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-54]54 DiPaola M, Raikin SM. Tendon transfers and realignment osteotomies for treatment of stage II posterior tibial tendon dysfunction. Foot Ankle Clin 2007; 12 (2) 273-285 , vi 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-55]55 Myerson MS, Badekas A, Schon LC. Treatment of stage II posterior tibial tendon deficiency with flexor digitorum longus tendon transfer and calcaneal osteotomy. Foot Ankle Int 2004; 25 (7) 445-450 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-56]56 Sammarco GJ, Hockenbury RT. Treatment of stage II posterior tibial tendon dysfunction with flexor hallucis longus transfer and medial displacement calcaneal osteotomy. Foot Ankle Int 2001; 22 (4) 305-312 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-57]57 Dimmick S, Chhabra A, Grujic L, Linklater JM. Acquired flat foot deformity: postoperative imaging. Semin Musculoskelet Radiol 2012; 16 (3) 217-232 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR00878b-58]58 Krause JO, Brodsky JW. Peroneus brevis tendon tears: pathophysiology, surgical reconstruction, and clinical results. Foot Ankle Int 1998; 19 (5) 271-279 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-59]59 Raikin SM, Elias I, Nazarian LN. Intrasheath subluxation of the peroneal tendons. J Bone Joint Surg Am 2008; 90 (5) 992-999 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-60]60 Brodsky JW, Toppins A. Postsurgical imaging of the peroneal tendons. Semin Musculoskelet Radiol 2012; 16 (3) 233-240 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR00878b-61]61 Ogawa BK, Thordarson DB, Zalavras C. Peroneal tendon subluxation repair with an indirect fibular groove deepening technique. Foot Ankle Int 2007; 28 (11) 1194-1197 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-62]62 Ozgenel GY, Etöz A. Effects of repetitive injections of hyaluronic acid on peritendinous adhesions after flexor tendon repair: a preliminary randomized, placebo-controlled clinical trial. Ulus Travma Acil Cerrahi Derg 2012; 18 (1) 11-17 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-63]63 van Sterkenburg MN, Kerkhoffs GM, van Dijk CN. Good outcome after stripping the plantaris tendon in patients with chronic mid-portion Achilles tendinopathy. Knee Surg Sports Traumatol Arthrosc 2011; 19 (8) 1362-1366 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-64]64 Alfredson H. Midportion Achilles tendinosis and the plantaris tendon. Br J Sports Med 2011; 45 (13) 1023-1025 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-65]65 Stufkens SA, Knupp M, Horisberger M, Lampert C, Hintermann B. Cartilage lesions and the development of osteoarthritis after internal fixation of ankle fractures: a prospective study. J Bone Joint Surg Am 2010; 92 (2) 279-286 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR00878b-66]66 Han SH, Park Y, Kim TH. Prognostic factors after intra-articular hyaluronic acid injection in ankle osteoarthritis. Yonsei Med J 2014; 55 (4) 1080-1086 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.81.234.231
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  