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                    Abstract
Resistance exercise is difficult to quantify owing to its inherent complexity with numerous training variables contributing to the training dose (type of exercise, load lifted, training volume, inter-set rest periods, and repetition velocity). In addition, the intensity of resistance training is often inadequately determined as the relative load lifted (% 1-repetition maximum), which does not account for the effects of inter-set recovery periods, repetition velocity, or the number of repetitions performed in each set at a given load. Methods to calculate the volume load associated with resistance training, as well as the perceived intensity of individual sets and entire training sessions have been shown to provide useful information regarding the actual training stimulus. In addition, questionnaires to subjectively assess how athletes are coping with the stressors of training and portable technologies to quantify performance variables such as concentric velocity may also be valuable. However, while several methods have been proposed to quantify resistance training, there is not yet a consensus regarding how these methods can be best implemented and integrated to complement each other. Therefore, the purpose of this review is to provide practical information for strength coaches to highlight effective methods to assess resistance training, and how they can be integrated into a comprehensive monitoring program.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 2


Fig. 3



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Training for Muscular Strength: Methods for Monitoring and Adjusting Training Intensity
                                        
                                    

                                    
                                        Article
                                        
                                         08 June 2021
                                    

                                

                                Timothy J. Suchomel, Sophia Nimphius, … Michael H. Stone

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Appropriate Reporting of Exercise Variables in Resistance Training Protocols: Much more than Load and Number of Repetitions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 July 2022
                                    

                                

                                Giuseppe Coratella

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Toward a New Paradigm in Resistance Training by Means of Velocity Monitoring: A Critical and Challenging Narrative
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 September 2022
                                    

                                

                                Juan José González-Badillo, Luis Sánchez-Medina, … David Rodríguez-Rosell

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Foster C. Monitoring training in athletes with reference to overtraining syndrome. Med Sci Sports Exerc. 1998;30(7):1164–8.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Borges TO, Bullock N, Duff C, et al. Methods for quantifying training in sprint kayak. J Strength Cond Res. 2014;28(2):474–82.
Article 
    PubMed 
    
                    Google Scholar 
                

	Coutts AJ, Slattery KM, Wallace LK. Practical tests for monitoring performance, fatigue and recovery in triathletes. J Sci Med Sport. 2007;10(6):372–81.
Article 
    PubMed 
    
                    Google Scholar 
                

	Vesterinen V, Hokka L, Hynynen E, et al. Heart rate-running speed index may be an efficient method of monitoring endurance training adaptation. J Strength Cond Res. 2014;28(4):902–8.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bird SP, Tarpenning KM, Marino FE. Designing resistance training programmes to enhance muscular fitness: a review of the acute programme variables. Sports Med. 2005;35(10):841–51.
Article 
    PubMed 
    
                    Google Scholar 
                

	Genner KM, Weston M. A comparison of workload quantification methods in relation to physiological responses to resistance exercise. J Strength Cond Res. 2014;28(9):2621–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	Haff GG. Quantifying workloads in resistance training: a brief review. Prof Strength Cond. 2010;19:31–40.

                    Google Scholar 
                

	McGuigan MR, Foster C. A new approach to monitoring resistance training. Strength Cond J. 2004;26(6):42–7.
Article 
    
                    Google Scholar 
                

	Gearhart RF Jr, Lagally KM, Riechman SE, et al. Strength tracking using the OMNI resistance exercise scale in older men and women. J Strength Cond Res. 2009;23(3):1011–5.
Article 
    PubMed 
    
                    Google Scholar 
                

	Lagally KM, Robertson RJ. Construct validity of the OMNI resistance exercise scale. J Strength Cond Res. 2006;20(2):252–6.
PubMed 
    
                    Google Scholar 
                

	Foster C, Hector L, Welsh R, et al. Effects of specific versus cross-training on running performance. Eur J Appl Physiol Occup Physiol. 1995;70(4):367–72.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fisher J, Steele J, Smith D. Evidence-based resistance training recommendations for muscular hypertrophy. Med Sport. 2013;17(4):217–35.

                    Google Scholar 
                

	Coutts AJ. In the age of technology, Occam’s razor still applies. Int J Sports Physiol Perform. 2014;9(5):741.
Article 
    PubMed 
    
                    Google Scholar 
                

	Peterson MD, Rhea MR, Alvar BA. Maximizing strength development in athletes: a meta-analysis to determine the dose-response relationship. J Strength Cond Res. 2004;18(2):377–82.
PubMed 
    
                    Google Scholar 
                

	McBride JM, McCaulley GO, Cormie P, et al. Comparison of methods to quantify volume during resistance exercise. J Strength Cond Res. 2009;23(1):106–10.
Article 
    PubMed 
    
                    Google Scholar 
                

	LeSuer DA, McCormick JH, Mayhew JL, et al. The accuracy of prediction equations for estimating 1-RM performance in the bench press, squat, and deadlift. J Strength Cond Res. 1997;11(4):211–3.

                    Google Scholar 
                

	Brzycki M. Strength testing: predicting a one-rep max from reps-to-fatigue. J Phys Educ Recreat Dance. 1993;64(1):88–90.
Article 
    
                    Google Scholar 
                

	Henselmans M, Schoenfeld BJ. The effect of inter-set rest intervals on resistance exercise-induced muscle hypertrophy. Sports Med. 2014;44(12):1635–43.
Article 
    PubMed 
    
                    Google Scholar 
                

	McGuigan MR, Egan AD, Foster C. Salivary cortisol responses and perceived exertion during high intensity and low intensity bouts of resistance exercise. J Sport Sci Med. 2004;3(1):8–15.

                    Google Scholar 
                

	Lagally KM, Robertson RJ, Gallagher KI, et al. Perceived exertion, electromyography, and blood lactate during acute bouts of resistance exercise. Med Sci Sports Exerc. 2002;34(3):552–9.
Article 
    PubMed 
    
                    Google Scholar 
                

	Gearhart RF Jr, Goss FL, Lagally KM, et al. Ratings of perceived exertion in active muscle during high-intensity and low-intensity resistance exercise. J Strength Cond Res. 2002;16(1):87–91.
PubMed 
    
                    Google Scholar 
                

	Sweet TW, Foster C, McGuigan MR, et al. Quantitation of resistance training using the session rating of perceived exertion method. J Strength Cond Res. 2004;18(4):796–802.
PubMed 
    
                    Google Scholar 
                

	Robertson RJ, Goss FL, Rutkowski J, et al. Concurrent validation of the OMNI perceived exertion scale for resistance exercise. Med Sci Sports Exerc. 2003;35(2):333–41.
Article 
    PubMed 
    
                    Google Scholar 
                

	Day ML, McGuigan MR, Brice G, et al. Monitoring exercise intensity during resistance training using the session RPE scale. J Strength Cond Res. 2004;18(2):353–8.
PubMed 
    
                    Google Scholar 
                

	Impellizzeri FM, Rampinini E, Coutts AJ, et al. Use of RPE-based training load in soccer. Med Sci Sports Exerc. 2004;36(6):1042–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	Kraft JA, Green JM, Thompson KR. Session ratings of perceived exertion responses during resistance training bouts equated for total work but differing in work rate. J Strength Cond Res. 2014;28(2):540–5.
Article 
    PubMed 
    
                    Google Scholar 
                

	Singh F, Foster C, Tod D, et al. Monitoring different types of resistance training using session rating of perceived exertion. Int J Sports Physiol Perform. 2007;2(1):34–45.
PubMed 
    
                    Google Scholar 
                

	Pritchett RC, Green JM, Wickwire PJ, et al. Acute and session RPE responses during resistance training: bouts to failure at 60% and 90% of 1RM. S Afr J Sports Med. 2009;21(1):23–6.

                    Google Scholar 
                

	Alexiou H, Coutts AJ. A comparison of methods used for quantifying internal training load in women soccer players. Int J Sports Physiol Perform. 2008;3(3):320–30.
PubMed 
    
                    Google Scholar 
                

	Halson SL, Jeukendrup AE. Does overtraining exist? An analysis of overreaching and overtraining research. Sports Med. 2004;34(14):967–81.
Article 
    PubMed 
    
                    Google Scholar 
                

	Morgan WP, O’Connor PJ, Ellickson KA, et al. Personality structure, mood states, and performance in elite male distance runners. Int J Sport Psychol. 1988;19(4):247–63.

                    Google Scholar 
                

	Morgan WP, Costill DL, Flynn MG, et al. Mood disturbance following increased training in swimmers. Med Sci Sports Exerc. 1988;20(4):408–14.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Taylor KL, Chapman DW, Cronin JB, et al. Fatigue monitoring in high performance sport: a survey of current trends. J Aust Strength Cond. 2012;20(1):12–23.

                    Google Scholar 
                

	McLean BD, Coutts AJ, Kelly V, et al. Neuromuscular, endocrine, and perceptual fatigue responses during different length between-match microcycles in professional rugby league players. Int J Sports Physiol Perform. 2010;5(3):367–83.
PubMed 
    
                    Google Scholar 
                

	Buchheit M, Racinais S, Bilsborough JC, et al. Monitoring fitness, fatigue and running performance during a pre-season training camp in elite football players. J Sci Med Sport. 2013;16(6):550–5.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Johnston RD, Gibson NV, Twist C, et al. Physiological responses to an intensified period of rugby league competition. J Strength Cond Res. 2013;27(3):643–54.
Article 
    PubMed 
    
                    Google Scholar 
                

	Schoenfeld BJ. Does exercise-induced muscle damage play a role in skeletal muscle hypertrophy? J Strength Cond Res. 2012;26(5):1441–53.
Article 
    PubMed 
    
                    Google Scholar 
                

	Montgomery PG, Hopkins WG. The effects of game and training loads on perceptual responses of muscle soreness in Australian football. Int J Sports Physiol Perform. 2013;8(3):312–8.
PubMed 
    
                    Google Scholar 
                

	Harris NK, Cronin J, Taylor KL, et al. Understanding position transducer technology for strength and conditioning practitioners. Strength Cond J. 2010;32(4):66–79.
Article 
    
                    Google Scholar 
                

	Behm DG, Sale DG. Intended rather than actual movement velocity determines velocity-specific training response. J Appl Physiol. 1993;74(1):359–68.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cormie P, McGuigan MR, Newton RU. Developing maximal neuromuscular power. Part 2: training considerations for improving maximal power production. Sports Med. 2011;41(2):125–46.
Article 
    PubMed 
    
                    Google Scholar 
                

	Randell AD, Cronin JB, Keogh JW, et al. Effect of instantaneous performance feedback during 6 weeks of velocity-based resistance training on sport-specific performance tests. J Strength Cond Res. 2011;25(1):87–93.
Article 
    PubMed 
    
                    Google Scholar 
                

	Jovanović M, Flanagan EP. Researched applications of velocity based strength training. J Aust Strength Cond. 2014;22(2):58–69.

                    Google Scholar 
                

	Jidovtseff B, Croisier J-L, Lhermerout C, et al. The concept of iso-inertial assessment: reproducibility analysis and descriptive data. Isokinet Exerc Sci. 2006;14(1):53–62.

                    Google Scholar 
                

	Jidovtseff B, Harris NK, Crielaard J-M, et al. Using the load-velocity relationship for 1RM prediction. J Strength Cond Res. 2011;25(1):267–70.
Article 
    PubMed 
    
                    Google Scholar 
                

	González-Badillo JJ, Sánchez-Medina L. Movement velocity as a measure of loading intensity in resistance training. Int J Sports Med. 2010;31:347–52.
Article 
    PubMed 
    
                    Google Scholar 
                

	Sánchez-Medina L, González-Badillo JJ. Velocity loss as an indicator of neuromuscular fatigue during resistance training. Med Sci Sports Exerc. 2011;43(9):1725–34.
Article 
    PubMed 
    
                    Google Scholar 
                

	Izquierdo M, Gonzalez-Badillo JJ, Hakkinen K, et al. Effect of loading on unintentional lifting velocity declines during single sets of repetitions to failure during upper and lower extremity muscle actions. Int J Sports Med. 2006;27(9):718–24.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cairns SP, Knicker AJ, Thompson MW, et al. Evaluation of models used to study neuromuscular fatigue. Exerc Sport Sci Rev. 2005;33(1):9–16.
PubMed 
    
                    Google Scholar 
                

	Kraemer WJ, Marchitelli L, Gordon SE, et al. Hormonal and growth factor responses to heavy resistance exercise protocols. J Appl Physiol. 1990;69(4):1442–50.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Schoenfeld BJ. Potential mechanisms for a role of metabolic stress in hypertrophic adaptations to resistance training. Sports Med. 2013;43(3):179–94.
Article 
    PubMed 
    
                    Google Scholar 
                

	Weston M, Siegler J, Bahnert A, et al. The application of differential ratings of perceived exertion to Australian Football League matches. J Sci Med Sport. 2015;18(6):704–8.
Article 
    PubMed 
    
                    Google Scholar 
                

	Kempton T, Sirotic AC, Coutts AJ. Between match variation in professional rugby league competition. J Sci Med Sport. 2014;17(4):404–7.
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	School of Psychology and Exercise Science, Murdoch University, 90 South Street, Perth, WA, 6150, Australia
Brendan R. Scott

	Applied Sports Science and Exercise Testing Laboratory, Faculty of Science and Information Technology, University of Newcastle, Ourimbah, NSW, Australia
Brendan R. Scott, Grant M. Duthie, Heidi R. Thornton & Ben J. Dascombe

	Newcastle Knights Rugby League Club, Newcastle, NSW, Australia
Grant M. Duthie & Heidi R. Thornton

	Priority Research Centre in Physical Activity and Nutrition, University of Newcastle, Callaghan, NSW, Australia
Ben J. Dascombe


Authors	Brendan R. ScottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Grant M. DuthieView author publications
You can also search for this author in
                        PubMed Google Scholar



	Heidi R. ThorntonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ben J. DascombeView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Brendan R. Scott.


Ethics declarations

              
              
                Funding

                No sources of funding were used to assist in the preparation of this article.

              
              
                Conflict of interest

                Brendan Scott, Grant Duthie, Heidi Thornton, and Ben Dascombe declare that they have no conflicts of interest relevant to the content of this review.

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Scott, B.R., Duthie, G.M., Thornton, H.R. et al. Training Monitoring for Resistance Exercise: Theory and Applications.
                    Sports Med 46, 687–698 (2016). https://doi.org/10.1007/s40279-015-0454-0
Download citation
	Published: 16 January 2016

	Issue Date: May 2016

	DOI: https://doi.org/10.1007/s40279-015-0454-0


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
	Resistance Training
	Resistance Exercise
	Volume Load
	Training Load
	Bench Press








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					52.201.237.190
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    