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                    Sumary
Boxes were lifted and lowered repetitively at three different combinations of load and frequency. These combinations were chosen such that the total mechanical power generated was constant. Effects of the varying load or frequency conditions (but constant total mechanical power) on the rate of energy expenditure (M) and on the mechanical efficiency (ME) were measured. Mechanical power was determined from film analysis and separated into external power (generated to lift the load) and internal power (to raise the lifter's body mass). The M was determined from oxygen consumption measurements. The ME was calculated in two ways, depending on the definition of mechanical power, including either the external power only (MEext) or the total power output (MEtot). Despite a constant total mechanical power, M increased at higher loads and lower frequencies. This might be explained by the increasing isometric force required in postural and load control. The M increase resulted in a decrease of MEtot. However, at higher loads and lower frequencies MEext increased, indicating that more external work can be done at the same energy costs at higher loads or lower frequencies, which could be of interest from the point of view of occupational physiology. It would seem that at higher loads or lower frequencies the increased costs for isometric muscle action do not outweigh the benefit of raising the body less frequently. Furthermore, it was found that the ME,, in lifting was much lower than the values reported for other kinds of activity. This was due to the large proportion of total power output that was internal power in repetitive lifting [e.g. 83.1% (at a load of 6 kg) in the present study].



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Evaluation of Force Exertion Strategies During Repetitive Lifting/Lowering Tasks Based on Time-Frequency Analysis
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Using passive or active back-support exoskeletons during a repetitive lifting task: influence on cardiorespiratory parameters
                                        
                                    

                                    
                                        Article
                                        
                                         08 September 2022
                                    

                                

                                M. Schwartz, K. Desbrosses, … G. Mornieux

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comparisons with subjective and objective indexes of lifting risk among different combinations of lifting weight and frequency
                                        
                                    

                                    
                                        Article
                                        
                                         24 July 2018
                                    

                                

                                Hsin-Chieh Wu, Wei-Hsien Hong & Min-Chi Chiu

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Andersson GBJ (1981) Epidemiological aspects on low back pain in industry. Spine 6:53–60

                    Google Scholar 
                

	Cavanagh PR, Kram R (1984) The efficiency of human movement — a statement of the problem. Med Sci Sports Exerc 17:304–308

                    Google Scholar 
                

	Chaffin DB (1969) A computerized biomechanical model-development of and use in studying gross body actions. J Biomech 2:429–441

                    Google Scholar 
                

	Dempster WT (1955) Space requirements of the seated operator. WADC Technical Report, Wright-Patterson Air Force Base, Dayton, Ohio, pp 55–159

                    Google Scholar 
                

	Dutta SP, Taboun S (1989) Developing norms for manual carrying tasks using mechanical efficiency as the optimization criterion. Ergonomics 32:919–943

                    Google Scholar 
                

	Gargy L, Åstrup A (1987) The relationship between the respiratory quotient and the energy equivalent of oxygen during simultaneous glucose and lipid oxidation and lipogenesis. Acta Physiol Scand 129:443–444

                    Google Scholar 
                

	Garg A, Herrin GD (1979) Stoop or squat: a biomechanical and metabolical evaluation. AIIE Trans 11:293–302

                    Google Scholar 
                

	Hamilton BJ, Chase RB (1969) A work physiology study of the relative effects of pace and weight in a carbon handling task. AIIE Trans 1:106–111

                    Google Scholar 
                

	Jørgensen K, Poulsen E (1974) Physiological problem in repetitive lifting with special reference to tolerance limits to the maximum lifting frequency. Ergonomics 17:31–39

                    Google Scholar 
                

	Kumar S (1984) The physiological cost of three different methods of lifting in sagittal and lateral planes. Ergonomics 27:425–433

                    Google Scholar 
                

	Legg SJ, Pateman CM (1984) A physiological study of repetitive lifting capabilities of healthy young males. Ergonomics 27:259–272

                    Google Scholar 
                

	Looze MP de, Kingma I, Bussmann JBJ, Toussaint HM (1992) Validation of a dynamic linked segment model to calculate joint moments in lifting. Clin Biomech 7:161–169

                    Google Scholar 
                

	Petrofsky JS, Lind AR (1978) Comparison of metabolic and ventilatory responses of men to various lifting tasks and bicycle ergometry. J Appl Physiol 45:60–63

                    Google Scholar 
                

	Pugh LGCE (1974) The relation of oxygen intake and speed in competition cycling and comparative observations on the bicycle ergometer. J Physiol 241:795–808

                    Google Scholar 
                

	Schultz AL (1981) Analysis of loads on the lumbar spine. Spine 6:76–82

                    Google Scholar 
                

	Sharp MA, Harman E, Vogel JA, Knapik JJ, Legg SJ (1988) Maximal aerobic capacity for repetitive lifting: comparison with three standard exercise testing modes. Eur J Appl Physiol 57:753–760

                    Google Scholar 
                

	Shephard RJ (1978) Human physiological work capacity. Cambridge University Press, London

                    Google Scholar 
                

	Stainsby WN, Gladden LB, Barclay JK, Wilson BA (1980) Exercise efficiency: validity of baseline subtractions. J Appl Physiol 48:518–522

                    Google Scholar 
                

	Welbergen E, Kemper HCG, Knibbe JJ, Toussaint HM, Clijsen L (1991) Efficiency and effectiveness of stoop and squat lifting at different frequencies. Ergonomics 34:613–624

                    Google Scholar 
                

	Williams KR (1975) The relationship between mechanical and physiological energy estimates. Med Sci Sports Exerc 17:317–325

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Health Science, Faculty of Human Movement Sciences, Vrije Universiteit, van der Boechorststraat 9, NL-1081 BT, Amsterdam, The Netherlands
M. P. de Looze, H. M. Toussaint, R. J. Nibbelke & H. A. Eelderink


Authors	M. P. de LoozeView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. M. ToussaintView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. J. NibbelkeView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. A. EelderinkView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
de Looze, M.P., Toussaint, H.M., Nibbelke, R.J. et al. Effects on efficiency in repetitive lifting of load and frequency combinations at a constant total power output.
                    Europ. J. Appl. Physiol. 65, 469–474 (1992). https://doi.org/10.1007/BF00243516
Download citation
	Accepted: 11 June 1992

	Issue Date: November 1992

	DOI: https://doi.org/10.1007/BF00243516


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
	Energy expenditure
	Mechanical efficiency
	Repetitive lifting








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.200.190.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    