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                    Abstract
Purpose
To describe normal variations in sagittal spinal radiographic parameters over an interval period and establish physiological norms and guidelines for which these images should be interpreted.
Methods
Data were prospectively collected from a continuous series of adult patients with first-episode mild low back pain presenting to a single institution. The sagittal parameters of two serial radiographic images taken 6-months apart were obtained with the EOS® slot scanner. Measured parameters include CL, TK, TL, LL, PI, PT, SS, and end and apical vertebrae. Chi-squared test and Wilcoxon Signed Rank test were used to compare categorical and continuous variables, respectively.
Results
Sixty patients with a total of 120 whole-body sagittal X-rays were analysed. Mean age was 52.1 years (SD 21.2). Mean interval between the first and second X-rays was 126.2 days (SD 47.2). Small variations (< 1°) occur for all except PT (1.2°), CL (1.2°), and SVA (2.9 cm). Pelvic tilt showed significant difference between two images (p = 0.035). Subgroup analysis based on the time interval between X-rays, and between the first and second X-rays, did not show significant differences. Consistent findings were found for end and apical vertebrae of the thoracic and lumbar spine between the first and second X-rays for sagittal curve shapes.
Conclusions
Radiographic sagittal parameters vary between serial images and reflect dynamism in spinal balancing. SVA and PT are predisposed to the widest variation. SVA has the largest variation between individuals of low pelvic tilt. Therefore, interpretation of these parameters should be patient specific and relies on trends rather than a one-time assessment.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Classification of normal sagittal spine alignment: refounding the Roussouly classification
                                        
                                    

                                    
                                        Article
                                        
                                         28 April 2017
                                    

                                

                                Féthi Laouissat, Amer Sebaaly, … Pierre Roussouly

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Global tilt: a single parameter incorporating spinal and pelvic sagittal parameters and least affected by patient positioning
                                        
                                    

                                    
                                        Article
                                        
                                         20 June 2016
                                    

                                

                                I. Obeid, L. Boissière, … on behalf of European Spine Study Group, ESSG

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        EOS® is reliable to evaluate spinopelvic parameters: a validation study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 February 2024
                                    

                                

                                Mohammadreza Shakeri, Seyed Mani Mahdavi, … Seyedehsan Daneshmand

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Roussouly P, Nnadi C (2010) Sagittal plane deformity: an overview of interpretation and management. Eur Spine J 19(11):1824–1836
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Berthonnaud E, Dimnet J, Roussouly P, Labelle H (2005) Analysis of the sagittal balance of the spine and pelvis using shape and orientation parameters. J Spinal Disord Tech 18(1):40–47
Article 
    PubMed 
    
                    Google Scholar 
                

	EOS Imaging. http://www.eos-imaging.com/us/homepage-6.html. Accessed 2 Apr 2017

	Hey HW et al (2017) Reproducibility of sagittal radiographic parameters in adolescent idiopathic scoliosis-a guide to reference values using serial imaging. Spine J 17(6):830–836. https://doi.org/10.1016/j.spinee.2017.01.001
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Iyer S et al (2016) Variations in sagittal alignment parameters based on age: a prospective study of asymptomatic volunteers using full-body radiographs. Spine (Phila Pa 1976) 41(23):1826–1836
Article 
    
                    Google Scholar 
                

	Le Huec JC, Demezon H, Aunoble S (2015) Sagittal parameters of global cervical balance using EOS imaging: normative values from a prospective cohort of asymptomatic volunteers. Eur Spine J 24(1):63–71
Article 
    PubMed 
    
                    Google Scholar 
                

	Hey HW et al (2017) Cervical alignment variations in different postures and predictors of normal cervical kyphosis—a new understanding. Spine (Phila Pa 1976) 42(21):1614–1621
Article 
    
                    Google Scholar 
                

	Hey HW et al (2016) How the spine differs in standing and in sitting-important considerations for correction of spinal deformity. Spine J 17(6):799–806
Article 
    PubMed 
    
                    Google Scholar 
                

	Scoliosis Research Society. Revised glossary of terms. https://www.srs.org/professionals/online-education-and-resources/glossary/revised-glossary-of-terms. Accessed 13 Mar 2017

	Legaye J, Duval-Beaupere G, Hecquet J, Marty C (1998) Pelvic incidence: a fundamental pelvic parameter for three-dimensional regulation of spinal sagittal curves. Eur Spine J 7(2):99–103
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lafage V, Schwab F, Patel A, Hawkinson N, Farcy JP (2009) Pelvic tilt and truncal inclination: two key radiographic parameters in the setting of adults with spinal deformity. Spine (Phila Pa 1976) 34(17):E599–E606
Article 
    
                    Google Scholar 
                

	Roguski M et al (2014) Postoperative cervical sagittal imbalance negatively affects outcomes after surgery for cervical spondylotic myelopathy. Spine (Phila Pa 1976) 39(25):2070–2077
Article 
    
                    Google Scholar 
                

	Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S, Schwab F (2005) The impact of positive sagittal balance in adult spinal deformity. Spine (Phila Pa 1976) 30(18):2024–2029
Article 
    
                    Google Scholar 
                

	Van Royen BJ, De Gast A, Smit TH (2000) Deformity planning for sagittal plane corrective osteotomies of the spine in ankylosing spondylitis. Eur Spine J 9(6):492–498
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Glassman SD, Berven S, Bridwell K et al (2005) Correlation of radiographic parameters and clinical symptoms in adult scoliosis. Spine 30:682–688
Article 
    PubMed 
    
                    Google Scholar 
                

	Lazennec JY, Ramare S, Arafati N, Laudet CG, Gorin M, Roger B, Hansen S, Saillant G, Maurs L, Trabelsi R (2000) Sagittal alignment in lumbosacral fusion: relations between radiological parameters and pain. Eur Spine J 9(1):47–55
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schwab F, Patel A, Ungar B, Farcy JP, Lafage V (2010) Adult spinal deformity-postoperative standing imbalance: how much can you tolerate? An overview of key parameters in assessing alignment and planning corrective surgery. Spine (Phila Pa 1976) 35(25):2224–2231
Article 
    
                    Google Scholar 
                

	Lamartina C et al (2012) Criteria to restore the sagittal balance in deformity and degenerative spondylolisthesis. Eur Spine J 21(Suppl 1):S27–S31
Article 
    PubMed 
    
                    Google Scholar 
                

	Imagama S, Ito Z, Wakao N, Seki T, Hirano K, Muramoto A, Sakai Y, Matsuyama Y, Hamajima N, Ishiguro N, Hasegawa Y (2013) Influence of spinal sagittal alignment, body balance, muscle strength, and physical ability on falling of middle-aged and elderly males. Eur Spine J 22(6):1346–1353
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yoshimoto H, Sato S, Masuda T (2005) Spinopelvic alignment in patients with osteoarthrosis of the hip: a radiographic comparison to patients with low back pain. Spine 30:1650–1657
Article 
    PubMed 
    
                    Google Scholar 
                

	Roussouly P, Gollogly S, Berthonnaud E, Dimnet J (2005) Classification of the normal variation in the sagittal alignment of the human lumbar spine and pelvis in the standing position. Spine (Phila Pa 1976) 30(3):346–353
Article 
    
                    Google Scholar 
                

	Hey HW et al (2017) Differences in erect sitting and natural sitting spinal alignment-insights into a new paradigm and implications in deformity correction. Spine J 17(2):183–189
Article 
    PubMed 
    
                    Google Scholar 
                

	Dolphens M, Cagnie B, Coorevits P, Vleeming A, Danneels L (2013) Classification system of the normal variation in sagittal standing plane alignment: a study among young adolescent boys. Spine (Phila Pa 1976) 38(16):E1003–E1012
Article 
    
                    Google Scholar 
                

	Bae J, Theologis A, Jang JS, Lee SH, Deviren V (2016) Impact of fatigue on maintenance of upright posture: dynamic assessment of sagittal spinal deformity parameters after walking 10 minutes. Spine (Phila Pa 1976) 42(10):733–739
Article 
    
                    Google Scholar 
                

	Wade R, Yang H, McKenna C, Faria R, Gummerson N, Woolacott N (2013) A systematic review of the clinical effectiveness of EOS 2D/3D X-ray imaging system. Eur Spine J 22(2):296–304. https://doi.org/10.1007/s00586-012-2469-7
                        
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgements
We would like to thank Darren Koh Zhi-Sheng and Jonathan Tan Jiong-Hao for their help in applying for ethics approval for this study.


Author information
Author notes	Hwee Weng Dennis Hey and Kian Loong Melvin Tan have made equal contributions to the study and manuscript to be considered as joint first authors.


Authors and Affiliations
	University Orthopaedics, Hand and Reconstructive Microsurgery (UOHC), National University Health System, 1E Kent Ridge Road, NUHS Tower Block Level 11, Singapore, 119228, Singapore
Hwee Weng Dennis Hey, Kian Loong Melvin Tan, Eugene Tze-Chun Lau, Leok-Lim Lau, Gabriel Liu & Hee-Kit Wong

	Yong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore
Vikaesh Moorthy


Authors	Hwee Weng Dennis HeyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kian Loong Melvin TanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Vikaesh MoorthyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Eugene Tze-Chun LauView author publications
You can also search for this author in
                        PubMed Google Scholar



	Leok-Lim LauView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gabriel LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hee-Kit WongView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hwee Weng Dennis Hey.


Ethics declarations

              
              
                Conflict of interest

                None.

              
            

Rights and permissions
Reprints and permissions


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



Cite this article
Hey, H.W.D., Tan, K.L.M., Moorthy, V. et al. Normal variation in sagittal spinal alignment parameters in adult patients: an EOS study using serial imaging.
                    Eur Spine J 27, 578–584 (2018). https://doi.org/10.1007/s00586-017-5459-y
Download citation
	Received: 01 September 2017

	Revised: 04 November 2017

	Accepted: 31 December 2017

	Published: 13 January 2018

	Issue Date: March 2018

	DOI: https://doi.org/10.1007/s00586-017-5459-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
	EOS
	Low back pain
	Radiographic parameters
	Sagittal spinal alignment
	Serial imaging








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.220.63.115
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    