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                    Abstract
Purpose
To characterize in vivo the transpedicular approach (TA) as an alternative route to study intervertebral disc (IVD) regeneration strategies in a sheep model.
Methods
48 IVD of 12 sheep were used. TA was performed under fluoroscopy, followed by nucleotomy (2-mm shaver resector). A polyurethane scaffold was used to repair the end-plate. X-ray and MRI images were acquired pre-, intra- and post-operatively (1, 3, 6 months). Complications were recorded.
Results
TA was feasible in all animals; nucleus pulposus (NP) from L1 to L5 was accessible. Nucleotomy followed by end-plate repair was achieved. Loss of NP signal intensity was shown in MRI images of the nucleotomy group.
Conclusions
TA is feasible in vivo, repeatable after only a short learning period and safely performed without significant morbidity. This animal model allows the study of IVD degeneration physiopathology and investigation of IVD regeneration techniques in vivo.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Collateral effects of targeting the nucleus pulposus via a transpedicular or transannular surgical route: a combined X-ray, MRI, and histological long-term descriptive study in sheep
                                        
                                    

                                    
                                        Article
                                        
                                         18 September 2020
                                    

                                

                                Cyrille Decante, Johann Clouet, … Marion Fusellier

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The transpedicular surgical approach for the development of intervertebral disc targeting regenerative strategies in an ovine model
                                        
                                    

                                    
                                        Article
                                        
                                         03 July 2017
                                    

                                

                                Luc Le Fournier, Marion Fusellier, … Johann Clouet

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Lateral fenestration of lumbar intervertebral discs in rabbits: development and characterisation of an in vivo preclinical model with multi-modal endpoint analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 February 2024
                                    

                                

                                James D. Crowley, Rema A. Oliver, … William R. Walsh

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Vadala G, Russo F, Di Martino A, Denaro V (2013) Intervertebral disc regeneration: from the degenerative cascade to molecular therapy and tissue engineering. J Tissue Eng Regen Med. doi:10.1002/term.1719
                
PubMed 
    
                    Google Scholar 
                

	Orozco L, Soler R, Morera C, Alberca M, Sanchez A, Garcia-Sancho J (2011) Intervertebral disc repair by autologous mesenchymal bone marrow cells: a pilot study. Transplantation 92:822–828. doi:10.1097/TP.0b013e3182298a15
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Alini M, Eisenstein SM, Ito K, Little C, Kettler AA, Masuda K, Melrose J, Ralphs J, Stokes I, Wilke HJ (2008) Are animal models useful for studying human disc disorders/degeneration? Eur Spine J 17:2–19. doi:10.1007/s00586-007-0414-y
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Carragee EJ, Don AS, Hurwitz EL, Cuellar JM, Carrino JA, Herzog R (2009) ISSLS prize winner: does discography cause accelerated progression of degeneration dpchanges in the lumbar disc: a ten-year matched cohort study. Spine (Phila Pa 1976) 34:2338–2345. doi:10.1097/BRS.0b013e3181ab5432
                
Article 
    
                    Google Scholar 
                

	Melrose J, Shu C, Young C, Ho R, Smith MM, Young AA, Smith SS, Gooden B, Dart A, Podadera J, Appleyard RC, Little CB (2012) Mechanical destabilization induced by controlled annular incision of the intervertebral disc dysregulates metalloproteinase expression and induces disc degeneration. Spine (Phila Pa1976) 37:18–25. doi:10.1097/BRS.0b013e31820cd8d5
                
Article 
    
                    Google Scholar 
                

	Vadala G, Sowa G, Hubert M, Gilbertson LG, Denaro V, Kang JD (2012) Mesenchymal stem cells injection in degenerated intervertebral disc: cell leakage may induce osteophyte formation. J Tissue Eng Regen Med 6:348–355. doi:10.1002/term.433
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Vadala G, Russo F, Pattappa G, Schiuma D, Peroglio M, Benneker LM, Grad S, Alini M, Denaro V (2013) The transpedicular approach as an alternative route for intervertebral disc regeneration. Spine (Phila Pa1976) 38:E319–E324. doi:10.1097/BRS.0b013e318285bc4a
                
Article 
    
                    Google Scholar 
                

	Wilke HJ, Kettler A, Wenger KH, Claes LE (1997) Anatomy of the sheep spine and its comparison to the human spine. Anat Rec 247:542–555
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wilke HJ, Kettler A, Claes LE (1997) Are sheep spines a valid biomechanical model for human spines? Spine (Phila Pa 1976) 22:2365–2374
Article 
    CAS 
    
                    Google Scholar 
                

	Osti OL, Vernon-Roberts B, Fraser RD (1990) 1990 Volvo Award in experimental studies. Anulus tears and intervertebral disc degeneration. An experimental study using an animal model. Spine (Phila Pa 1976) 15:762–767
CAS 
    
                    Google Scholar 
                

	Sasaki M, Takahashi T, Miyahara K, Hirose aT (2001) Effects of chondroitinase ABC on intradiscal pressure in sheep: an in vivo study. Spine(Phila Pa 1976) 26:463–468
Article 
    CAS 
    
                    Google Scholar 
                

	Goldschlager T, Rosenfeld JV, Ghosh P, Itescu S, Blecher C, McLean C, Jenkin G (2011) Cervical interbody fusion is enhanced by allogeneic mesenchymal precursor cells in an ovine model. Spine (Phila Pa 1976) 36:615–623. doi:10.1097/BRS.0b013e3181dfcec9
                
Article 
    
                    Google Scholar 
                

	Benneker LM, Gisep A, Krebs J, Boger A, Heini PF, Boner V (2012) Development of an in vivo experimental model for percutaneous vertebroplasty in sheep. Vet Comp Orthop Traumatol 25:173–177. doi:10.3415/VCOT-11-02-0026
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Eglin D, Griffon S, Alini M (2010) Thiol-containing degradable poly(thiourethane-urethane)s for tissue engineering. J Biomater Sci Polym Ed 21:477–491. doi:10.1163/156856209X424404
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Laschke MW, Strohe A, Menger MD, Alini M, Eglin D (2010) In vitro and in vivo evaluation of a novel nanosize hydroxyapatite particles/poly(ester-urethane) composite scaffold for bone tissue engineering. Acta Biomater 6:2020–2027. doi:10.1016/j.actbio.2009.12.004
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Laschke MW, Strohe A, Scheuer C, Eglin D, Verrier S, Alini M, Pohlemann T, Menger MD (2009) In vivo biocompatibility and vascularization of biodegradable porous polyurethane scaffolds for tissue engineering. Acta Biomater 5:1991–2001. doi:10.1016/j.actbio.2009.02.006
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Di Martino A, Papapietro N, Lanotte A, Russo F, Vadala G, Denaro V (2012) Spondylodiscitis: standards of current treatment. Curr Med Res Opin 28:689–699. doi:10.1185/03007995.2012.678939
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Oehme D, Goldschlager T, Rosenfeld J, Danks A, Ghosh P, Gibbon A, Jenkin G (2012) Lateral surgical approach to lumbar intervertebral discs in an ovine model. TheScientificWorldJournal 2012:873726. doi:10.1100/2012/873726
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Baramki HG, Papin P, Steffen T (2000) A surgical approach to the ventral aspect of the lumbar vertebrae in the sheep model. SRA 22:25–27
PubMed 
    CAS 
    
                    Google Scholar 
                

	Shi L, Wang L, Zhang Y, Guo Z, Wu ZX, Liu D, Gao MX, Chen H, Fu SC, Lei W (2012) Improving fixation strength of pedicle screw by microarc oxidation treatment: an experimental study of osteoporotic spine in sheep. J Orthop Res 30:1296–1303. doi:10.1002/jor.22072
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Holm S, Holm AK, Ekstrom L, Karladani A, Hansson T (2004) Experimental disc degeneration due to endplate injury. J Spinal Disord Tech 17:64–71. doi:00024720-200402000-00012
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Piazzolla A, De Giorgi G, Solarino G (2011) Vertebral body recollapse without trauma after kyphoplasty with calcium phosphate cement. Musculoskeletal surgery 95:141–145. doi:10.1007/s12306-011-0130-y
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Mortisen D, Peroglio M, Alini M, Eglin D (2010) Tailoring thermoreversible hyaluronan hydrogels by “click” chemistry and RAFT polymerization for cell and drug therapy. Biomacromolecules 11:1261–1272. doi:10.1021/bm100046n
                
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Vadala G, Mozetic P, Rainer A, Centola M, Loppini M, Trombetta M, Denaro V (2012) Bioactive electrospun scaffold for annulus fibrosus repair and regeneration. Eur Spine J 21(Suppl 1):S20–S26. doi:10.1007/s00586-012-2235-x
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Di Martino A, Liverani L, Rainer A, Salvatore G, Trombetta M, Denaro V (2011) Electrospun scaffolds for bone tissue engineering. Musculoskelet surg 95:69–80. doi:10.1007/s12306-011-0097-8
                
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The authors would like to acknowledge Giulia De Benedictis for the anesthesiology support, Fabrizio Russo for the surgical support and Mauro Alini and David Eglin, AO Research Institute Davos, for providing the scaffold for tunnel repair. The support of the Italian Ministry of Instruction, University and Research Grant (PRIN-200938NT8Z), the Young Investigator Research Grant of the Italian Ministry of Health (GR-2010-2318448), the Research Grant for Scientific and Technological Cooperation of the Italian Ministry of Foreign Affairs (MAE, Direzione generale per la promozione del sistema paese - PGR00009-USA), the BIOSPINA Award of the Italian Society of Spine Surgery (SICV&GIS) and the NASS Research Travelling Grant are gratefully acknowledged.

                Conflict of interest

                None.

              

Author information
Authors and Affiliations
	Department of Orthopaedic and Trauma Surgery, Campus Bio-Medico University of Rome, Via Alvaro Del Portillo 200, 00128, Rome, Italy
Gianluca Vadalà & Vincenzo Denaro

	Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy
Gianluca Vadalà

	Department of Animal Medicine, Production and Health, University of Padua, Padua, Italy
Francesca De Strobel & Marco Bernardini

	Neurosurgery Division, Department of Neuroscience, University of Padua, Padua, Italy
Luca Denaro & Domenico D’Avella


Authors	Gianluca VadalàView author publications
You can also search for this author in
                        PubMed Google Scholar



	Francesca De StrobelView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marco BernardiniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Luca DenaroView author publications
You can also search for this author in
                        PubMed Google Scholar



	Domenico D’AvellaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Vincenzo DenaroView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Gianluca Vadalà.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Vadalà, G., De Strobel, F., Bernardini, M. et al. The transpedicular approach for the study of intervertebral disc regeneration strategies: in vivo characterization.
                    Eur Spine J 22
                        (Suppl 6), 972–978 (2013). https://doi.org/10.1007/s00586-013-3007-y
Download citation
	Received: 17 August 2013

	Revised: 08 September 2013

	Accepted: 08 September 2013

	Published: 09 October 2013

	Issue Date: November 2013

	DOI: https://doi.org/10.1007/s00586-013-3007-y


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Transpedicular approach
	Intervertebral disc degeneration
	Intervertebral disc regeneration
	Surgical technique
	Animal models








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					18.207.224.173
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    