
    

 i 

 

 

 

 

 

 

 

 

 

 

Monitoring muscle oxygenation and 
myoelectric activity after damage-

inducing exercise 
 

 
 
 

by  
 

Sirous Ahmadi 
BS (Nursing), MA (Exercise Physiology) 

 
 

 

 

 

Thesis presented for the degree of  
 

Doctor of Philosophy 

 

 The University of Sydney 
 

© 2007 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Sydney eScholarship

https://core.ac.uk/display/41231036?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


    

 ii 

Supervisors Statement 

 

As supervisors of Sirous Ahmadi doctoral work, we certify his thesis ‘Monitoring 

muscle oxygenation and myoelectric activity after damage-inducing exercise’ to be 

suitable for examination. 

 

 

Signed  _____________________________ 

Date  ____________________ 

Associate Professor Glen M Davis 

 

Signed  _____________________________ 

Date  ____________________ 

Dr Peter J Sinclair 

 

 

Discipline of Exercise and Sport Science, 

Faculty of Health Sciences, 

The University of Sydney 

  



    

 iii

Table of Contents  

Supervisors Statement............................................................................................... ii 

Abstract ..................................................................................................................vii 

Candidate Statement ..............................................................................................viii 

Presentation of Work ............................................................................................... ix 

Prizes and awards...................................................................................................... x 

Acknowledgment ..................................................................................................... xi 

Dedication ..............................................................................................................xii 

Preface...................................................................................................................xiii 

 

Chapter 1 

Introduction.......................................................................................................1 

Background............................................................................................................... 2 

Aims and objectives .................................................................................................. 3 

Hypotheses ............................................................................................................... 4 

Rationale................................................................................................................... 4 

Key Terminology...................................................................................................... 5 

Abbreviations used in this thesis ............................................................................... 7 

Conclusion................................................................................................................ 9 

 

Chapter 2 

Review of Literature .......................................................................................10 

Introduction ............................................................................................................ 11 

Muscle Oxygenation ............................................................................................... 11 

Exercise and muscle damage................................................................................... 14 

Types of contractions .......................................................................................... 15 

Theoretical mechanism(s) for exercise-induced muscle damage .......................... 16 

Regeneration process after muscle damage.......................................................... 17 

Possible interactions between muscle damage and oxidative metabolism ............ 17 

Signs and Symptoms of muscle damage .............................................................. 18 

Methods of evaluating muscle damage .................................................................... 24 

Biopsy................................................................................................................. 24 

Magnetic Resonance Imaging (MRI)................................................................... 25 

Ultrasonography.................................................................................................. 26 

Electromyography (EMG)................................................................................... 27 

Near Infrared Spectroscopy (NIRS)..................................................................... 29 

Summary ................................................................................................................ 51 

 

 

 

 



    

 iv 

Chapter 3 

Monitoring Muscle Oxygenation and Blood Flow after Eccentric Exercise-

Induced Muscle Damage using Near Infrared Spectroscopy ........................53 

Abstract .................................................................................................................. 54 

Introduction ............................................................................................................ 55 

Methods.................................................................................................................. 57 

Statistical analysis................................................................................................... 65 

Results .................................................................................................................... 65 

Discussion .............................................................................................................. 70 

Conclusion.............................................................................................................. 74 

Acknowledgment .................................................................................................... 75 

References: ............................................................................................................. 76 

 

Chapter 4 

Electromyographic Activity of the Biceps Brachii after Exercise-Induced 

Muscle Damage ...............................................................................................80 

Abstract .................................................................................................................. 81 

Introduction ............................................................................................................ 82 

Methods.................................................................................................................. 84 

Subjects .............................................................................................................. 84 

Study design ....................................................................................................... 84 

Eccentric exercise protocol.................................................................................. 84 

Resting assessments ............................................................................................ 85 

Exercise assessments........................................................................................... 86 

Statistical analysis................................................................................................... 88 

Results .................................................................................................................... 89 

Discussion .............................................................................................................. 94 

Study limitations ..................................................................................................... 99 

Conclusion............................................................................................................ 100 

Acknowledgement ................................................................................................ 100 

References ............................................................................................................ 101 

 

Chapter 5 

Muscle Oxygenation after Downhill Walking-Induced Muscle Damage....104 

Abstract ................................................................................................................ 105 

Introduction .......................................................................................................... 106 

Materials and Methods.......................................................................................... 107 

Subjects ............................................................................................................ 107 

Experimental procedures ................................................................................... 108 

Exercise assessments......................................................................................... 114 

Statistical Analyses ............................................................................................... 115 

Results .................................................................................................................. 115 



    

 v 

Discussion ............................................................................................................ 119 

Muscle force and other characteristics of muscle damage .................................. 120 

Effects of downhill walking on NIRS-derived measures.................................... 121 

Conclusion............................................................................................................ 125 

Acknowledgment .................................................................................................. 125 

References ............................................................................................................ 126 

 

Chapter 6 

Muscle Oxygenation Following Concentric Exercise ..................................129 

1-Abstract ............................................................................................................. 130 

2- Introduction ...................................................................................................... 131 

3- Material and Methods ....................................................................................... 132 

Subjects ............................................................................................................ 132 

Study design ..................................................................................................... 132 

Concentric Exercise protocol............................................................................. 133 

Measurements ................................................................................................... 133 

4- Statistical Analyses ........................................................................................... 138 

5- Results.............................................................................................................. 139 

6- Discussion ........................................................................................................ 144 

7-Study limitations................................................................................................ 147 

8- Acknowledgment.............................................................................................. 148 

9- References ........................................................................................................ 149 

 

Chapter 7 

Discussion and Conclusions ..........................................................................152 

Introduction .......................................................................................................... 153 

Physical, biochemical and myoelectric characteristics of exercised muscles .......... 153 

Muscle strength................................................................................................. 154 

Muscle soreness ................................................................................................ 155 

Serum creatine kinase (CK) activity and myoglobin (Mb) concentration ........... 156 

Limb circumference .......................................................................................... 157 

Range of Motion ............................................................................................... 159 

Muscle myoelectric activity............................................................................... 159 

Muscle oxygenation and blood flow measured by NIRS........................................ 162 

Acute effects of exercise on muscle oxygenation............................................... 166 

Day-to-Day effects of exercise on muscle oxygenation...................................... 169 

Conclusions .......................................................................................................... 175 

Hypotheses outcomes............................................................................................ 177 

Study limitations ................................................................................................... 178 

Future research directions ..................................................................................... 179 

 

 

 

 



    

 vi 

References......................................................................................................181 

 

Appendices.....................................................................................................201 

Appendix 1 

Authors instructions for Applied Physiology, Nutrition and Metabolism ............... 202 

Appendix 2 

Authors instructions for Journal of Sports Science and Medicine (JSSM).............. 219 

Appendix 3 

Authors instructions for Clinical Physiology and Functional Imaging ................... 229 

Appendix 4 

Authors instructions for Isokinetics and Exercise Science ..................................... 239 

Appendix 5 

Participant information and consent forms ............................................................ 244 

 



    

 vii 

Abstract 

In this thesis, three experiments were conducted to monitor: (i) muscle oxygenation and 

electromyographic activity of the biceps brachii after exercise-induced muscle damage 

(ii) muscle oxygenation after downhill walking-induced muscle damage, and, (iii) 

muscle oxygenation following a bout of vigorous concentric exercise.  

 

Maximal eccentric exercise (EE) of biceps brachii resulted in significantly increased 

mean resting oxygen saturation and decreased deoxyhaemoglobin. During isometric 

contractions at 50% and 80% of subjects’ maximum voluntary torque (MVT), oxygen 

desaturation and resaturation kinetics and volume were significantly decreased after EE, 

and these declines were significantly prevalent over the following 6 days. Additionally, 

a significant shift in median frequency intercept (measured by electromyography; EMG) 

towards lower frequencies was observed during isometric contractions at both 50% and 

80% MVT after EE in the exercised arm.  

 

After an exhaustive session of downhill walking, another form of EE, resting total 

haemoglobin and oxyhaemoglobin decreased. Furthermore, during isometric 

contractions at 30%, 50% and 80% of MVT, prolonged and significant increases were 

observed in oxygen desaturation and resaturation kinetics and volumes after ambulatory 

EE. In contrast to the two EE experiments, concentric contractions did not evoke any 

prolonged changes in muscle oxygenation.  

 

Collectively, the findings of this thesis revealed significant and prolonged changes in 

muscle oxygenation at rest and during exercise, following sessions of strenuous 

eccentric exercise. Although not clear, the possible mechanism responsible for the 

changes in muscle oxygenation after EE could be increased resting muscle oxygen 

utilization due to probable muscle damage and a subsequent requirement of energy 

demanding repair processes. Concentric exercise resulted in fatigue, but it did not affect 

muscle oxygenation. Although a prolonged reduction in EMG median frequency 

intercept was observed after EE, this was not closely time-associated with the 

biochemical, anthropometric or functional markers of muscle damage. 
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Preface 

This thesis is comprised of seven chapters. Chapter 1 provides an introduction and 

rationale for the studies presented in this thesis. Chapter 2 presents a review of literature 

on muscle oxygenation, muscle damage and the popular techniques for the assessment 

of muscle damage and oxygenation. Chapters 3, 4, 5 and 6 report on effects of eccentric 

and concentric exercise on some parameters of muscle oxygenation and myoelectric 

activity. Chapter 7 presents a general discussion and conclusion on the studies presented 

in this dissertation. Chapters 3, 4, 5 and 6 have the references provided at the end of 

each chapter. These chapters are presented according to the format required by the 

journals to which they were submitted, that is Applied Physiology Nutrition and 

Metabolism (Chapter 3; in review), Journal of Sport Science and Medicine (Chapter 4; 

published), Clinical Physiology and Functional Imaging (Chapter 5; published) and 

Isokinetics and Exercise Science (Chapter 6; published). Ethics approval was gained 

from the Human Research Ethics Committee of the University of Sydney for all studies 

prior to data collection. 


