







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 13 December 2007



                    Fetal load and the evolution of lumbar lordosis in bipedal hominins

                    	Katherine K. Whitcome1, 
	Liza J. Shapiro2 & 
	Daniel E. Lieberman1Â 



                    

                    
                        
    Nature

                        volumeÂ 450,Â pages 1075â€“1078 (2007)Cite this article
                    

                    
        
            	
                        6833 Accesses

                    
	
                        191 Citations

                    
	
                            136 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 30 May 2012

                
            
        

    

    
    

                
            


        
            Abstract
As predicted by Darwin1, bipedal posture and locomotion are key distinguishing features of the earliest known hominins2,3. Hominin axial skeletons show many derived adaptations for bipedalism, including an elongated lumbar region, both in the number of vertebrae and their lengths, as well as a marked posterior concavity of wedged lumbar vertebrae, known as a lordosis4,5,6. The lordosis stabilizes the upper body over the lower limbs in bipeds by positioning the trunkâ€™s centre of mass (COM) above the hips. However, bipedalism poses a unique challenge to pregnant females because the changing body shape and the extra mass associated with pregnancy shift the trunkâ€™s COM anterior to the hips. Here we show that human females have evolved a derived curvature and reinforcement of the lumbar vertebrae to compensate for this bipedal obstetric load. Similarly dimorphic morphologies in fossil vertebrae of Australopithecus suggest that this adaptation to fetal load preceded the evolution of Homo.
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                    Figure 1: 
                        COM and lumbar lordosis during pregnancy.
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Figure 2: 
                        Maternal COM and lumbar lordosis relative to fetal load.
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Figure 3: 
                        Sex differences in the lumbar vertebral column of human males and females.
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Figure 4: 
                        Australopithecine lumbar lordosis and prezygapophyseal angle.
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