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                    Abstract
Introduction
There is no consensus on how to evaluate segmental fusion after lateral lumbar interbody fusion (LLIF). Bone bridges (BB) between two contiguous vertebra are reported as pathognomonic criteria for anterior fusion. However, to the best of our knowledge, there are no radiological investigations on zygapophyseal joints (ZJ) status after LLIF. The aim of this radiological study was to investigate the different fusion patterns after LLIF.

Materials and methods
This is a retrospective single-centre radiological study. Patients who underwent LLIF and posterior percutaneous screw fixation for degenerative spondylolisthesis, on a single lumbar level, were considered for eligibility. Complete radiological data and a minimum follow-up of 1 year were the inclusion criteria. Intervertebral BB were investigated for evaluating anterior fusion and ZJ ankylotic degeneration was evaluated according Pathria et al., as a matter of proof of posterior fusion and segmental immobilization.
Results
Seventy-four patients were finally included in the present study. Twelve months after surgery, intervertebral BB were recognized in 58 segments (78.3%), whereas ZJ Pathria grade was I in 8 (10.8%) patients, II in 15 (20.3%) and III in 51 (68.9%) that were considered posteriorly fused. The overlapping rate between anteriorly and posteriorly fused segments was 72.4% (42 segments), whereas 10 (13.5%) did not achieve any fusion, anterior or posterior, and 6 (8.1%) were posteriorly fused only.
Conclusions
Our results seem to suggest that anterior fusion is not sufficient to achieve segmental immobilization. Further properly designed investigations are needed to investigate eventual clinical–radiological correlations.
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	BB:
	
                    Bone bridges

                  
	CT:
	
                    Computer tomography

                  
	LL:
	
                    Lateral lumbar interbody fusion

                  
	PACS:
	
                    Picture archiving and communication system

                  
	PEEK:
	
                    PolyEther ether ketone

                  
	SD:
	
                    Standard deviation

                  
	ZJ:
	
                    Zygapophyseal joints

                  



References
	Tamburrelli FC, Meluzio MC, Burrofato A et al (2018) Minimally invasive surgery procedure in isthmic spondylolisthesis. Eur Spine J. https://doi.org/10.1007/s00586-018-5627-8
Article 
    PubMed 
    
                    Google Scholar 
                

	Ozgur BM, Aryan HE, Pimenta L, Taylor WR (2006) Extreme lateral interbody fusion (XLIF): a novel surgical technique for anterior lumbar interbody fusion. Spine J 6:435–443. https://doi.org/10.1016/j.spinee.2005.08.012
Article 
    PubMed 
    
                    Google Scholar 
                

	Barrey C, Darnis A (2015) Current strategies for the restoration of adequate lordosis during lumbar fusion. World J Orthop 6:117–126. https://doi.org/10.5312/wjo.v6.i1.117
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Berjano P, Lamartina C (2013) Far lateral approaches (XLIF) in adult scoliosis. Eur Spine J 22(Suppl 2):S242–253. https://doi.org/10.1007/s00586-012-2426-5
Article 
    PubMed 
    
                    Google Scholar 
                

	Barone G, Scaramuzzo L, Zagra A et al (2017) Adult spinal deformity: effectiveness of interbody lordotic cages to restore disc angle and spino-pelvic parameters through completely mini-invasive trans-psoas and hybrid approach. Eur Spine J 26:457–463. https://doi.org/10.1007/s00586-017-5136-1
Article 
    PubMed 
    
                    Google Scholar 
                

	Sharma AK, Kepler CK, Girardi FP et al (2011) Lateral lumbar interbody fusion: clinical and radiographic outcomes at 1 year: a preliminary report. J Spinal Disord Tech 24:242–250. https://doi.org/10.1097/BSD.0b013e3181ecf995
Article 
    PubMed 
    
                    Google Scholar 
                

	Choudhri TF, Mummaneni PV, Dhall SS et al (2014) Guideline update for the performance of fusion procedures for degenerative disease of the lumbar spine. Part 4: radiographic assessment of fusion status. J Neurosurg Spine 21:23–30. https://doi.org/10.3171/2014.4.SPINE14267
Article 
    PubMed 
    
                    Google Scholar 
                

	Carreon LY, Djurasovic M, Glassman SD, Sailer P (2007) Diagnostic accuracy and reliability of fine-cut CT scans with reconstructions to determine the status of an instrumented posterolateral fusion with surgical exploration as reference standard. Spine 32:892–895. https://doi.org/10.1097/01.brs.0000259808.47104.dd
Article 
    PubMed 
    
                    Google Scholar 
                

	McAfee PC, Boden SD, Brantigan JW et al (2001) Symposium: a critical discrepancy-a criteria of successful arthrodesis following interbody spinal fusions. Spine 26:320–334
Article 
    CAS 
    
                    Google Scholar 
                

	Berjano P, Langella F, Damilano M et al (2015) Fusion rate following extreme lateral lumbar interbody fusion. Eur Spine J 24(Suppl 3):369–371. https://doi.org/10.1007/s00586-015-3929-7
Article 
    PubMed 
    
                    Google Scholar 
                

	Malham GM, Ellis NJ, Parker RM, Seex KA (2012) Clinical outcome and fusion rates after the first 30 extreme lateral interbody fusions. Sci World J 2012:246989. https://doi.org/10.1100/2012/246989
Article 
    
                    Google Scholar 
                

	Rodgers WB, Gerber EJ, Patterson JR (2010) Fusion after minimally disruptive anterior lumbar interbody fusion: analysis of extreme lateral interbody fusion by computed tomography. SAS J 4:63–66. https://doi.org/10.1016/j.esas.2010.03.001
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yukawa Y, Kato F, Suda K et al (2018) Normative data for parameters of sagittal spinal alignment in healthy subjects: an analysis of gender specific differences and changes with aging in 626 asymptomatic individuals. Eur Spine J 27:426–432. https://doi.org/10.1007/s00586-016-4807-7
Article 
    PubMed 
    
                    Google Scholar 
                

	Jackson RP, Hales C (2000) Congruent spinopelvic alignment on standing lateral radiographs of adult volunteers. Spine 25:2808–2815. https://doi.org/10.1097/00007632-200011010-00014
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pathria M, Sartoris DJ, Resnick D (1987) Osteoarthritis of the facet joints: accuracy of oblique radiographic assessment. Radiology 164:227–230. https://doi.org/10.1148/radiology.164.1.3588910
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tromme A, Charles YP, Schuller S et al (2019) Osteoarthritis and spontaneous fusion of facet joints after percutaneous instrumentation in thoracolumbar fractures. Eur Spine J 28:1121–1129. https://doi.org/10.1007/s00586-017-5173-9
Article 
    PubMed 
    
                    Google Scholar 
                

	Seo DK, Kim MJ, Roh SW, Jeon SR (2017) Morphological analysis of interbody fusion following posterior lumbar interbody fusion with cages using computed tomography. Medicine (Baltimore) 96:e7816. https://doi.org/10.1097/MD.0000000000007816
Article 
    CAS 
    
                    Google Scholar 
                

	Bridwell KH, Lenke LG, McEnery KW et al (1995) Anterior fresh frozen structural allografts in the thoracic and lumbar spine. Do they work if combined with posterior fusion and instrumentation in adult patients with kyphosis or anterior column defects? Spine 20:1410–1418
Article 
    CAS 
    
                    Google Scholar 
                

	Tan GH, Goss BG, Thorpe PJ, Williams RP (2007) CT-based classification of long spinal allograft fusion. Eur Spine J 16:1875–1881. https://doi.org/10.1007/s00586-007-0376-0
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Williams AL, Gornet MF, Burkus JK (2005) CT evaluation of lumbar interbody fusion: current concepts. AJNR Am J Neuroradiol 26:2057–2066
PubMed 
    
                    Google Scholar 
                

	Ricciardi L, Stifano V, Proietti L et al (2018) Intraoperative and postoperative segmental lordosis mismatch: analysis of 3 fusion techniques. World Neurosurg. https://doi.org/10.1016/j.wneu.2018.04.126
Article 
    PubMed 
    
                    Google Scholar 
                

	Fischer DR, Zweifel K, Treyer V et al (2011) Assessment of successful incorporation of cages after cervical or lumbar intercorporal fusion with [(18)F]fluoride positron-emission tomography/computed tomography. Eur Spine J 20:640–648. https://doi.org/10.1007/s00586-010-1643-z
Article 
    PubMed 
    
                    Google Scholar 
                

	Godzik J, Martinez-Del-Campo E, Newcomb AGUS et al (2018) Biomechanical stability afforded by unilateral versus bilateral pedicle screw fixation with and without interbody support using lateral lumbar interbody fusion. World Neurosurg 113:e439–e445. https://doi.org/10.1016/j.wneu.2018.02.053
Article 
    PubMed 
    
                    Google Scholar 
                

	Schmoelz W, Sandriesser S, Loebl O et al (2017) Effect of cage design, supplemental posterior instrumentation and approach on primary stability of a lumbar interbody fusion—a biomechanical in vitro study. Clin Biomech (Bristol, Avon) 48:30–34. https://doi.org/10.1016/j.clinbiomech.2017.07.007
Article 
    
                    Google Scholar 
                

	Cramer GD, Henderson CNR, Little JW et al (2010) Zygapophyseal joint adhesions after induced hypomobility. J Manip Physiol Ther 33:508–518. https://doi.org/10.1016/j.jmpt.2010.08.002
Article 
    
                    Google Scholar 
                

	Hase M (2002) Adhesions in the temporomandibular joint: formation and significance. Aust Dent J 47:163–169
Article 
    CAS 
    
                    Google Scholar 
                

	Hamada Y, Kondoh T, Holmlund AB et al (2005) Influence of arthroscopically observed fibrous adhesions before and after joint irrigation on clinical outcome in patients with chronic closed lock of the temporomandibular joint. Int J Oral Maxillofac Surg 34:727–732. https://doi.org/10.1016/j.ijom.2005.02.009
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vaishya R, Singh AK, Agarwal AK, Vijay V (2018) Bilateral spontaneous bony ankylosis of the elbow following burn: a case report and review of the literature. J Orthop Case Rep 8:43–46. https://doi.org/10.13107/jocr.2250-0685.1204
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Krengel WF, Kim PH, Wiater B (2015) Spontaneous ankylosis of occiput to C2 following closed traction and halo treatment of atlantoaxial rotary fixation. Global Spine J 5:233–238. https://doi.org/10.1055/s-0035-1549432
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kahanovitz N, Arnoczky SP, Levine DB, Otis JP (1984) The effects of internal fixation on the articular cartilage of unfused canine facet joint cartilage. Spine 9:268–272
Article 
    CAS 
    
                    Google Scholar 
                

	Proietti L, Scaramuzzo L, Schirò GR et al (2015) Degenerative facet joint changes in lumbar percutaneous pedicle screw fixation without fusion. Orthop Traumatol Surg Res 101:375–379. https://doi.org/10.1016/j.otsr.2015.01.013
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Funding
No funding was received for this research.


Author information
Author notes	Luca Proietti, Andrea Perna and Luca Ricciardi have contributed equally to this paper.


Authors and Affiliations
	Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy
Luca Proietti, Andrea Perna, Caterina Fumo, Domenico Alessandro Santagada, Ilaria Giannelli, Francesco Ciro Tamburrelli & Antonio Leone

	Istituto di Ortopedia e Traumatologia, Università Cattolica del Sacro Cuore, Rome, Italy
Luca Proietti, Andrea Perna, Caterina Fumo, Domenico Alessandro Santagada, Ilaria Giannelli & Francesco Ciro Tamburrelli

	UO di Neurochirurgia, Pia Fondazione di Culto e Religione Cardinal G. Panico, Via Pio X, 4, 73039, Tricase, LE, Italy
Luca Ricciardi

	UO di Neurochirurgia, Azienda Ospedaliera Sant’Andrea, Facoltà di Medicina e Psicologia, Sapienza, Rome, Italy
Luca Ricciardi

	Dipartimento di Scienze Radiologiche, Università Cattolica del Sacro Cuore, Rome, Italy
Antonio Leone


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



	Andrea PernaView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Caterina FumoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Domenico Alessandro SantagadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ilaria GiannelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	Francesco Ciro TamburrelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	Antonio LeoneView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Luca Ricciardi.


Ethics declarations

              
              
                Conflict of interest

                All authors certify that they have no affiliations with or involvement in any organization or entity with any financial interest (such as honoraria; educational grants; participation in speakers’ bureaus; membership, employment, consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in this manuscript.

              
              
                Ethical approval

                All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

              
              
                Informed consent

                Informed consent was obtained from all individual participants included in the study.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Proietti, L., Perna, A., Ricciardi, L. et al. Radiological evaluation of fusion patterns after lateral lumbar interbody fusion: institutional case series.
                    Radiol med 126, 250–257 (2021). https://doi.org/10.1007/s11547-020-01252-5
Download citation
	Received: 12 December 2019

	Accepted: 02 July 2020

	Published: 11 July 2020

	Issue Date: February 2021

	DOI: https://doi.org/10.1007/s11547-020-01252-5


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
	Spine
	Instrumentation
	Fusion
	LLIF
	Spondylolisthesis
	Minimally invasive spine surgery








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					50.19.159.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    