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Abstract



            
Objective The aim of this study was to evaluate epoxy-pin external skeletal fixation technique for the treatment of open fractures in calves and foals.



            
Study Design Twenty-eight calves and four foals (weighing 45–105 kg) with fractures distal to the stifle or elbow made the subject for the retrospective study. The pins (2.0–3.0-mm Kirschner wires, crossed at 60–90°) were fixed at least at two locations in both proximal and distal bone fragments as per the case situation. The pins in the same plane were bent (∼2 cm from the skin) towards the fracture site or joint and were joined using an adhesive tape (additional pins used when required) to make a temporary scaffold of connecting bars or rings. Thoroughly mixed epoxy putty was applied along the pin scaffold (the epoxy columns were 20–25 mm diameter) and allowed to set for 45 to 60 minutes. All animals were evaluated based on various clinical and radiographic observations made at regular intervals.



            
Results The epoxy-pin fixation was easy to apply and provided stable fixation of bone as indicated by early weight bearing, and fracture healing within 45 to 60 days (17/32 cases). The functional recovery was good to very good in 14 animals and satisfactory in nine cases by 12 months after removal of the fixator.



            
Conclusions The multiplanar epoxy-pin external skeletal fixation provides stable fixation of unstable open fractures distal to the stifle or elbow joint; hence, it can be used to treat a variety of fractures in calves and foals weighing up to approximately 100 kg, especially open infected fractures of lower limb, which are difficult to treat by conventional techniques.






        
[bookmark: N109E2]
Keywords

epoxy-pin fixation - 
external skeletal fixation - 
open bone fractures - 
calves
      

[bookmark: N10DC6]
Author Contribution

[bookmark: FN180092-2]
        
All authors contributed to conception of study, study design, acquisition of data and data analysis and interpretation. All authors also drafted, revised and approved the submitted manuscript.

      





[bookmark: N10DD3]
Supplementary Material


	
Supplementary Material











 

[bookmark: ]

[bookmark: N10DEA]
	
References


	
[bookmark: JR180092-1]1 

Lewis DD, 


Cross AR, 


Carmichael S, 


Anderson MA. 

Recent advances in external skeletal fixation. J Small Anim Pract 2001; 42 (03) 103-112 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-2]2 

Toombs JP, 


Bronson DG, 


Ross D. 

, et al.  The SK external fixation system: description of components, instrumentation, and application techniques. Vet Comp Orthop Traumatol 2003; 16: 76-81 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR180092-3]3 

Johnson AL, 


DeCamp CE. 

External skeletal fixation. Linear fixators. Vet Clin North Am Small Anim Pract 1999; 29 (05) 1135-1152 , vi–vii 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-4]4 

Paley D, 


Fleming B, 


Catagni M, 


Kristiansen T, 


Pope M. 

Mechanical evaluation of external fixators used in limb lengthening. Clin Orthop Relat Res 1990; (250) 50-57 





PubMedGoogle Scholar





	
[bookmark: JR180092-5]5 

Clary EM, 


Roe SC. 

Enhancing external skeletal fixation pin performance: consideration of the pin-bone interface. Vet Comp Orthop Traumatol 1995; 7: 1-8 





PubMedGoogle Scholar





	
[bookmark: JR180092-6]6 

Lewis DD, 


Bronson DG, 


Samchukov ML, 


Welch RD, 


Stallings JT. 

Biomechanics of circular external skeletal fixation. Vet Surg 1998; 27 (05) 454-464 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-7]7 

Marcellin-Little DJ. 

Fracture treatment with circular external fixation. Vet Clin North Am Small Anim Pract 1999; 29 (05) 1153-1170 , vii 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-8]8 

Roe SC, 


Keo T. 

Epoxy putty for free-form external skeletal fixators. Vet Surg 1997; 26 (06) 472-477 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-9]9 

Leitch BJ, 


Worth AJ. 

Mechanical testing of a steel-reinforced epoxy resin bar and clamp for external skeletal fixation of long-bone fractures in cats. N Z Vet J 2018; 66 (03) 144-153 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-10]10 

Tyagi SK, 


Aithal HP, 


Kinjavdekar P. 

, et al.  In vitro biomechanical testing of different configurations of acrylic external skeletal fixator constructs. Vet Comp Orthop Traumatol 2015; 28 (04) 227-233 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR180092-11]11 

Tyagi SK, 


Aithal HP, 


Kinjavdekar P, 

, Amarpal,  

Pawde AM, 


Singh J. 

Comparative biomechanical evaluation of acrylic- and epoxy- pin external skeletal fixation systems with two- and three- point fixation per segment under compressive loading. Adv Anim Vet Sci 2014; 2: 212-217 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-12]12 

Stambaugh JE, 


Nunamaker DM. 

External skeletal fixation of comminuted maxillary fractures in dogs. Vet Surg 1982; 11: 72-76 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-13]13 

Bennet RA, 


Kuzma AB. 

Fracture management in birds. J Zoo Wildl Med 1992; 23: 5-38 





PubMedGoogle Scholar





	
[bookmark: JR180092-14]14 

Kumar P, 


Aithal HP, 


Kinjavdekar P. 

, et al.  Epoxy-pin external skeletal fixation for treatment of open fractures or dislocations in 36 dogs. Indian J Vet Surg 2012; 33: 128-132 





PubMedGoogle Scholar





	
[bookmark: JR180092-15]15 

Yamagishi N, 


Devkota B, 


Takahashi M. 

Outpatient treatment for humeral fractures in five calves. J Vet Med Sci 2014; 76 (11) 1519-1522 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-16]16 

Aithal HP. 

, AK Pratap K, Singh GR.  Clinical effects of epidurally administered ketamine and xylazine in goats. Small Rumin Res 1996; 24: 55-64 





PubMedGoogle Scholar





	
[bookmark: JR180092-17]17 

Nuss K. 

Plates, pins, and interlocking nails. Vet Clin North Am Food Anim Pract 2014; 30 (01) 91-126 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-18]18 

Kirpensteijn J, 


Roush J, 


St-Jean G. 

, et al.  Holding power of orthopaedic screws in femora of young calves. Vet Comp Orthop Traumatol 1993; 6: 16-20 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR180092-19]19 

Kirpensteijn J, 


St-Jean G, 


Roush J. 

, et al.  Holding power of orthopaedic screws in metacarpal and metatarsal bones of young calves. Vet Comp Orthop Traumatol 1992; 5: 100-103 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR180092-20]20 

Hoerdemann M, 


Gédet P, 


Ferguson SJ, 


Sauter-Louis C, 


Nuss K. 

In-vitro comparison of LC-DCP- and LCP-constructs in the femur of newborn calves - a pilot study. BMC Vet Res 2012; 8: 139 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-21]21 

Bramlage LR. 

Long bone fractures. Vet Clin North Am Large Anim Pract 1983; 5 (02) 285-310 





PubMedGoogle Scholar





	
[bookmark: JR180092-22]22 

Ozsoy S, 


Altunatmaz K. 

Treatment of extremity fractures in dogs using external fixators with closed reduction and limited open approach. Vet Med-Czech 2003; 48: 133-140 





PubMedGoogle Scholar





	
[bookmark: JR180092-23]23 

Dudley M, 


Johnson AL, 


Olmstead M, 


Smith CW, 


Schaeffer DJ, 


Abbuehl U. 

Open reduction and bone plate stabilization, compared with closed reduction and external fixation, for treatment of comminuted tibial fractures: 47 cases (1980-1995) in dogs. J Am Vet Med Assoc 1997; 211 (08) 1008-1012 





PubMedGoogle Scholar





	
[bookmark: JR180092-24]24 

Lauer SK, 


Aron DN, 


Evans MD. 

Finite element method evaluation: articulations and diagonals in an 8-pin type 1B external skeletal fixator. Vet Surg 2000; 29 (01) 28-37 





CrossrefPubMedGoogle Scholar





	
[bookmark: BR180092-25]25 

Ferretti A. 

The application of the Ilizarov technique to veterinary medicine.  In:  

Bianchi-Maiocchi A, 


Aronson J. 

, eds.  Operative Principles of Ilizarov. Milan, Italy: Medi Surgical Vido; 1991: 551-570 





Google Scholar





	
[bookmark: JR180092-26]26 

Kummer FJ. 

Biomechanics of the Ilizarov external fixator. Clin Orthop Relat Res 1992; (280) 11-14 





PubMedGoogle Scholar





	
[bookmark: JR180092-27]27 

Aithal HP, 

, Amarpal,  

Kinjavdekar P. 

, et al.  Management of fractures near the carpal joint of two calves by transarticular fixation with a circular external fixator. Vet Rec 2007; 161 (06) 193-198 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-28]28 

Aithal HP, 


Kinjavdekar P, 

, Amarpal,  

Pawde AM, 


Singh GR, 


Setia HC. 

Management of tibial fractures using a circular external fixator in two calves. Vet Surg 2010; 39 (05) 621-626 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-29]29 

Tyagi SK, 


Aithal HP, 


Kinjavdekar P. 

, et al.  Comparative evaluation of in vitro mechanical properties of different designs of epoxy-pin external skeletal fixation systems. Vet Surg 2014; 43 (03) 355-360 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-30]30 

Butto N, 


Hamilton-West C, 


Arias JI. 

In vitro heat transfer from epoxy polymer and poly (methyl methacrylate) to fixation pins: recommendations to avoid tissue damage in free-form external skeletal fixation. Vet Med (Praha) 2018; 63: 240-247 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-31]31 

Okrasinski EB, 


Pardo AD, 


Graehler RA. 

Biomechanical evaluation of acrylic external skeletal fixation in dogs and cats. J Am Vet Med Assoc 1991; 199 (11) 1590-1593 





PubMedGoogle Scholar





	
[bookmark: JR180092-32]32 

Willer RL, 


Egger EL, 


Histand MB. 

Comparison of stainless steel versus acrylic for the connecting bar of external skeletal fixators. J Am Anim Hosp Assoc 1991; 27: 541-548 





PubMedGoogle Scholar





	
[bookmark: JR180092-33]33 

Aithal HP, 


Singh GR, 


Hoque M. 

, et al.  The use of a circular external skeletal fixation device for the management of long bone osteotomies in large ruminants: an experimental study. J Vet Med A Physiol Pathol Clin Med 2004; 51 (06) 284-293 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-34]34 

Carneiro LP, 


Rezende CMF, 


Silva CA. 

, et al.  External skeletal fixation in dogs: clinical and microbiological evaluation. Arq Bras Med Vet Zootec 2001; 53: 437-444 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-35]35 

Aron DN. 

Prosthetic ligament replacement for severe talocrural joint instability. J Am Anim Hosp Assoc 1987; 23: 41-55 





PubMedGoogle Scholar





	
[bookmark: JR180092-36]36 

Ness MG. 

Treatment of inherently unstable open or infected fractures by open wound management and external skeletal fixation. J Small Anim Pract 2006; 47 (02) 83-88 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-37]37 

Soontornvipart K, 


Necas A, 


Dvorak M. 

, et al.  Posttraumatic bacterial infections in extremities before and after osteosynthesis in small animals. Acta Vet Brno 2003; 72: 249-260 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-38]38 

Harari J, 


Bebchuk T, 


Segun B. 

, et al.  Closed repair of tibial and radial fractures with external skeletal fixator. Compend Contin Educ Pract Vet 1996; 18: 651-657 





PubMedGoogle Scholar





	
[bookmark: JR180092-39]39 

Köstlin RG, 


Nuss K, 


Elma E. 

Metacarpal and metatarsal fractures in cattle. Treatment and results [Article in German]. Tierarztl Prax 1990; 18 (02) 131-144 





PubMedGoogle Scholar





	
[bookmark: JR180092-40]40 

Harari J. 

Complications of external skeletal fixation. Vet Clin North Am Small Anim Pract 1992; 22 (01) 99-107 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR180092-41]41 

Green SA. 

Complications of external skeletal fixation. Clin Orthop Relat Res 1983; (180) 109-116 





PubMedGoogle Scholar





	
[bookmark: JR180092-42]42 

Owen MA. 

Use of contoured bar transhock external fixators in 17 cats. J Small Anim Pract 2000; 41 (10) 440-446 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supplementary Material











    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.82.145.95
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  