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A documented scheme of the early development of the human vertebrae is presented. It is based on (1) reports of workers who personally studied staged human embryos, and (2) personal observations and confirmations. The necessity of studying staged embryos in order to determine the precise sequence of developmental events is stressed.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Embryology and Anatomy: Spine/Spinal Cord
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Embryology and Anatomy: Spine/Spinal Cord
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2016
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Developmental and Functional Anatomy of the Spine
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2018
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Arey, L.B.: The history of the first somite in human embryos. Contr. Embryol. Carneg. Instn. 27, 233–69 (1938)

                    Google Scholar 
                

	Bagnall, K.M., Harris, P.F., Jones, P.R.M.: A radiographic study of the human fetal spine. 1. The development of the secondary cervical curvature. J. Anat. 123, 777–82 (1977a)

                    Google Scholar 
                

	Bagnall, K.M., Harris, P.F., Jones, P.R.M.: A radiographic study of the human fetal spine. 2. The sequence of development of ossification centres in the vertebral column. J. Anat. 124, 791–802 (1977b)

                    Google Scholar 
                

	Bardeen, C.R.: The development of the thoracic vertebrae in man. Amer. J. Anat. 4, 163–74 (1905)

                    Google Scholar 
                

	Bardeen, C.R., Lewis, W.H.: The development of the limbs, body-wall and back in man. Amer. J. Anat. 1, 1–36 (1901)

                    Google Scholar 
                

	Baur, R.: Zur Problem der Neugliederung der Wirbelsäule. Acta Anat. 72, 321–56 (1969)

                    Google Scholar 
                

	Blechschmidt, E.: Die Entwicklungsbewegungen der Somiten und ihre Bedeutung für die Gliederung der Wirbelsäule. Z. Anat. Entwickl.-Gesch. 120, 150–72 (1957)

                    Google Scholar 
                

	Blechschmidt, E.: Die pränatalen Organsysteme des Menschen. Stuttgart: Hippokrates 1973

                    Google Scholar 
                

	Blechschmidt, E., Gasser, R.F.: Biokinetics and Biodynamics of Human Differentiation. Principles and applications. Springfield-Illinois: Thomas 1978

                    Google Scholar 
                

	Corner, G.W.: A well-preserved human embryo of 10 somites. Contr. Embryol. Carneg. Instn. 20, 81–101 (1929)

                    Google Scholar 
                

	Davis, C.L.: Description of a human embryo having twenty paired somites. Contr. Embryol. Carneg. Instn. 15, 1–51 (1923)

                    Google Scholar 
                

	Feller, A., Sternberg, H.: Zur Kenntnis der Fehlbildungen der Wirbelsäule. V. Über Fehlbildungen der Wirbelkörper bei Spaltbildungen des Zentralnervensystems und ihre formale Genese. Z. Anat. Entwickl.-Gesch. 103, 609–33 (1934)

                    Google Scholar 
                

	Flint, O.P.: Cell interactions in the developing axial skeleton in normal and mutant mouse embryos. In: Vertebrate Limb and Somite Morphogenesis. (D.A. Ede, J.R. Hinchliffe and M. Balls, eds.), pp 465–84. Cambridge: Cambridge Univ. Press 1977

                    Google Scholar 
                

	Friedland, G.W., de Vries, P.: Renal ectopia and fusion. Urol. 5, 698–706 (1975)

                    Google Scholar 
                

	Gage, S.P.: A three weeks' human embryo, with especial reference to the brain and nephric system. Amer. J. Anat. 4, 409–43 (1905)

                    Google Scholar 
                

	Gardner, E., O'Rahilly, R.: Neural crest, limb development, and Thalidomide embryopathy. Lancet 1, 635–7 (1976)

                    Google Scholar 
                

	Gasser, R.F.: Evidence that sclerotomal cells do not migrate medially during normal embryonic development of the rat. Amer. J. Anat. 154, 509–23 (1979)

                    Google Scholar 
                

	Holmdahl, D.E.: Neuralleiste und Ganglienleiste beim Menschen. Z. Mikr.-Anat. Forsch. 36, 137–78 (1934)

                    Google Scholar 
                

	Ingalls, N.W.: Beschreibung eines menschlichen Embryos von 4:9 mm. Arch. Mikr. Anat. Entw. 70, 506–76 (1907)

                    Google Scholar 
                

	Johnson, F.P.: A human embryo of twenty-four pairs of somites. Contr. Embryol. Carneg. Instn. 6, 125–68 (1917)

                    Google Scholar 
                

	Keibel, F., Mall, F.P.: Manual of Human Embryology. Vol. 1. Philadelphia: Lippincott, 1910

                    Google Scholar 
                

	Lewis, W.H.: The cartilaginous skull of a human embryo twenty-one millimeters in length. Contr. Embryol. Carneg. Instn. 9, 299–324 (1920)

                    Google Scholar 
                

	Ludwig, K.S.: Die Frühentwicklung des Dens epistrophei und seiner Bänder beim Menschen. Morph. Jb. 93, 98–112 (1953)

                    Google Scholar 
                

	Ludwig, K.S.: Die Frühentwicklung des Atlas und der Occipitalwirbel beim Menschen. Acta Anat. 30, 444–61 (1957)

                    Google Scholar 
                

	Marin-Padilla, M.: Study of the vertebral column in human craniorhachischisis. Acta Anat. 63, 32–48 (1966)

                    Google Scholar 
                

	Mark, H. von der, Mark, K. von der, Gay, S.: Study of differential collagen synthesis during development of the chick embryo by immunofluorescence. Devel. Biol. 48, 237–49 (1976)

                    Google Scholar 
                

	Minor, R.R.: Somite chondrogenesis. A structural analysis. J. Cell Biol. 56, 27–50 (1973)

                    Google Scholar 
                

	Noback, C.R., Robertson, G.G.: Sequences of appearance of ossification centers in the human skeleton during the first five prenatal months. Amer. J. Anat. 89, 1–28 (1951)

                    Google Scholar 
                

	O'Rahilly, R.: Developmental Stages in Human Embryos, Including a Survey of the Carnegie Collection. Part A: Embryos of the First Three Weeks (Stages 1 to 9). Washington, D.C.: Carnegie Institution of Washington 1973a

                    Google Scholar 
                

	O'Rahilly, R.: The early development of the hypophysis cerebri in staged human embryos. Anat. Rec. 175, 511 (abstract) (1973b)

                    Google Scholar 
                

	O'Rahilly, R.: Early human development and the chief sources of information on staged human embryos. Europ. J. Obstet. Gynec. reprod. Biol. 9, 273–280 (1979)

                    Google Scholar 
                

	O'Rahilly, R., Gardner, E.: The timing and sequence of events in the development of the limbs in the human embryo. Anat. Embryol. 148, 1–23 (1975)

                    Google Scholar 
                

	O'Rahilly, R., Meyer, D.B.: Roentgenographic investigation of the human skeleton during early fetal life. Am. J. Roentgenol. 76, 455–68 (1956)

                    Google Scholar 
                

	Peacock, A.: Observations on the prenatal development of the intervertebral disc in man. J. Anat. 85, 260–74 (1951)

                    Google Scholar 
                

	Prader, A.: Die Frühembryonale Entwicklung der menschlichen Zwischenwirbelscheibe. Acta Anat. 3, 68–83 (1947a)

                    Google Scholar 
                

	Prader, A.: Die Entwicklung der Zwischenwirbelscheibe beim menschlichen Keimling. Acta Anat. 3, 115–52 (1947b)

                    Google Scholar 
                

	Reiter, A.: Die Frühentwicklung der menschlichen Wirbelsäule. I. Mitteilung. Die Frühentwicklung der Brustwirbelsäule. Z. Anat. Entwick.-Gesch. 112, 185–220 (1942)

                    Google Scholar 
                

	Reiter, A.: Die Frühentwicklung der menschlichen Wirbelsäule. II. Mitteilung. Die Entwicklung der Occipitalsegmente und der Halswirbelsäule. III. Mitteilung. Die Entwicklung der Lumbal-Sacral-und Coccygealwirbelsäule. Z. Anat. Entwickl.-Gesch. 113, 66–104, 204–27 (1944)

                    Google Scholar 
                

	Remagen, W., Heinz, H.A., Wiedermann, H.-R.: Zum Problem der Frühentwicklung der Wirbelsäule. Z. Anat. Entwick.-Gesch. 131, 39–44 (1970)

                    Google Scholar 
                

	Sensenig, E.C.: The early development of the human vertebral column. Contr. Embryol. Carneg. Instn. 33, 21–41 (1949)

                    Google Scholar 
                

	Sensenig, E.C.: The early development of the meninges of the spinal cord in human embryos. Contr. Embryol. Carneg. Instn. 34, 145–57 (1951)

                    Google Scholar 
                

	Sensenig, E.C.: The development of the occpital and cervical segments and their associated structures in human embryos. Contr. Embryol. Carneg. Instn. 36, 141–52 (1957)

                    Google Scholar 
                

	Strudel, G.: matériel extracellulaire et chondrogenèse vertébrale. C.R. Acad. Sci. 272D, 473–6 (1971)

                    Google Scholar 
                

	Teissandier, J.: L'ossification des côtes et de la colonne vertébrale chez le foetus humain. Paris: Jouve, 1944

                    Google Scholar 
                

	Töndury, G.: Entwicklungsgeschichte und Fehlbildungen der Wirbelsäule. Stuttgart: Hippokrates 1958

                    Google Scholar 
                

	Verbout, A.J.: A critical review of the ‘Neugliederung’ concept in relation to the development of the vertebral column. Acta Biotheor. [A] (Leiden) 25, 219–58 (1976)

                    Google Scholar 
                

	Walmsley, R.: The development and growth of the intervertebral disc. Edinb. Med. J. 60, 341–64 (1953)

                    Google Scholar 
                

	Williams, E.E.: Gadow's arcualia and the development of tetrapod vertebrae. Quart. Rev. Biol. 34, 1–32 (1959)

                    Google Scholar 
                

	Wyburn, G.M.: Observations on the development of the human vertebral column. J. Anat. 78, 94 (1944)

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Carnegie Laboratories of Embryology and Department of Human Anatomy and Neurology, University of California, 95616, Davis, California, USA
 Ronan O'Rahilly & David B. Meyer

	Department of Anatomy, Wayne State University School of Medicine, 48201, Detroit, Michigan, USA
 Ronan O'Rahilly & David B. Meyer


Authors	 Ronan O'RahillyView author publications
You can also search for this author in
                        PubMed Google Scholar



	David B. MeyerView author publications
You can also search for this author in
                        PubMed Google Scholar







Additional information
Supported by research programme project grant No. HD-08658, Institute of Child Health and Human Development, National Institutes of Health (U.S.A.)


Rights and permissions
Reprints and permissions


About this article
Cite this article
O'Rahilly, R., Meyer, D.B. The timing and sequence of events in the development of the human vertebral column during the embryonic period proper.
                    Anat Embryol 157, 167–176 (1979). https://doi.org/10.1007/BF00305157
Download citation
	Accepted: 18 July 1979

	Issue Date: October 1979

	DOI: https://doi.org/10.1007/BF00305157


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
                        


Key words
	Human embryo
	Vertebrae
	Somites
	Notochord
	Developmental stages








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.85.245.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    