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ABSTRACT 

This thesis details four consecutive research investigations which were 

designed to examine the effect of age on the pulmonary oxygen uptake (V
.
O2) 

and muscle oxygenation (mOxy) responses to exercise in well-trained cyclists.  

 

Study One: Physiological, histochemical, enzymatic and performance 

characteristics in well-trained young and middle-aged cyclists.  

 The aim of study one was to examine the effect of age on a range of 

physiological and performance characteristics of well-trained cyclists. Seven 

well-trained young (Y) (age= 19.6 ± 1.7 y; V
.
O2max= 55.2 ± 7.0 mL•kg-1•min-1) 

and seven middle-aged (MA) (age= 44.8 ± 2.7 y; V
.
O2max= 50.2 ± 6.4  

mL•kg-1•min-1) male cyclists were recruited for the series of investigations. 

Following pre-exercise screening and familiarisation, both age-groups 

completed a ramp test on an electromagnetically-braked cycle ergometer until 

maximal aerobic power (V
.
O2max) was attained. Throughout the ramp test, 

heart rate, V
.
O2 and muscle mOxy were continuously monitored. Independent 

sample t-tests revealed no significant effect of age in the cyclist’s ventilatory 

threshold (VT) (Y: 71.4 ± 5.1 %V
.
O2max; MA: 70.2 ± 4.0 %V

.
O2max; p>0.05) or 

V
.
O2max (Y: 3.8 ± 0.5 L•min-1, MA: 3.9 ± 0.6 L•min-1, p>0.05). On a separate 

occasion, duplicate resting muscle biopsies were taken from the vastus lateralis 

(VL) of each cyclist for histochemical and biochemical analyses. No significant 

differences were observed in the muscle fibre composition (p>0.05), cross-

sectional area (p>0.05) or capillarisation (p>0.05) of the VL between age-

groups. Maximal specific activities of both glycolytic (PFK and LDH; p>0.05) 

and oxidative (CS, β-HAD and 2-OGDH; p>0.05) enzymes were similar 

between age-groups. Each cyclist then completed a 30 minute time trial (30TT) 
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to provide a measure of cycling performance. No significant differences were 

observed between age groups in the mean relative power output (RPO) 

sustained across the 30TT (Y: 3.1 ± 0.5 W•kg BM-1; MA: 3.3 ± 0.5 W•kg BM-1; 

p>0.05). In conclusion, the results of the first study suggest that the 

physiological and performance characteristics of the well-trained young and 

middle-aged cyclists were similar on the tests and variables chosen.  

 

Study Two: On-transient V
.
O2 and mOxy responses to moderate, heavy and 

severe-intensity exercise in well-trained young and middle-aged cyclists. 

 Study two examined the effect of age on the on-transient V
.
O2 and mOxy 

kinetic responses to moderate (80% VT), heavy (50%∆ VT-V
.
O2max) and 

severe- (80%∆ VT-V
.
O2max) intensity square wave transitions (SWT) in well-

trained cyclists. Secondary aims of this study were to relate these responses to 

the changes in a number of hematological parameters (blood pH, pO2, [HCO3
-] 

and [BLa-]) across the three SWT intensities, as well as to the histochemical 

and biochemical characteristics described within Study One. All cyclists 

completed three separate six minute SWT at each exercise intensity previously 

determined from the ramp test in Study One. Each SWT was preceded and 

followed by three minutes of ‘unloaded’ cycling at 20 W. Both the V
.
O2 and 

mOxy responses were modelled using a single or double exponential function 

to quantify the on-transient responses. For the purpose of Study two, only the 

modelling parameters fitting the primary component of the V
.
O2 and mOxy 

responses were of interest. Repeated Measures Analysis of Variance 

(RMANOVA) revealed no significant (p>0.05) effect of age in either the primary 

amplitude (Ap), time delay (TDp) or time constant (τp) of the V
.
O2 or mOxy on-

transient responses across the three exercise intensities. In the on-transient  
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V
.
O2 response, both the Ap and TDp demonstrated a significant (p<0.05) effect 

of intensity, whereas the V
.
O2 τp remained stable across exercise intensities. In 

the mOxy on-transient response, only the Ap demonstrated a significant 

(p<0.05) effect of intensity in the young and middle-aged cyclists. The speed of 

the on-transient V
.
O2 and mOxy responses were significantly (p<0.05) related 

across both the moderate and heavy-intensity SWT in the young cyclists. The 

mOxy τp and V
.
O2 τp were significantly (p<0.05) related to changes in blood pH 

and [BLa-] in the young and middle-aged cyclists, respectively. In the young 

cyclists, the speed of the moderate and heavy-intensity V
.
O2 responses was 

significantly (p<0.05) related to muscle fibre composition and capillary to fibre 

ratio. In the middle-aged cyclists, the moderate and severe-intensity V
.
O2 τp 

were significantly (p<0.05) related to muscle fibre composition and capillary 

contacts per fibre area, respectively. In conclusion, no significant effect of age 

was observed in the on-transient V
.
O2 and mOxy responses in well-trained 

cyclists matched for V
.
O2max and peripheral muscle characteristics.  

 

Study Three: V
.
O2 and mOxy slow components determined during heavy and 

severe-intensity exercise in well-trained young and middle-aged cyclists. 

 The third study examined the effect of age on the nature of the V
.
O2 and 

mOxy slow components across constant-load heavy and severe-intensity SWT. 

A secondary aim was to relate the V
.
O2 and mOxy slow components to changes 

in hematological parameters, and the peripheral muscle characteristics of the 

well-trained young and middle-aged cyclists as described within earlier studies. 

A further purpose of Study Three was to investigate the relationship between 

the development of the V
.
O2 and mOxy slow components and any changes in 

muscle activity and fibre recruitment patterns of the VL and vastus medialis 
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(VM) throughout the high-intensity SWT using surface electromyography 

(sEMG). The data for Study Three were obtained using the methods outlined in 

Study Two. The V
.
O2 and mOxy slow components were fitted using a second 

exponential component, starting after the completion of the primary component. 

RMANOVA revealed no significant (p>0.05) effect of age or age x intensity 

interactions in the amplitude or speed of the V
.
O2 or mOxy slow components in 

the cyclists. However, a significant (p<0.05) effect of intensity was observed in 

the V
.
O2 slow component τ (τs) in the young cyclists, with the heavy-intensity τs 

being significantly (p<0.05) longer than that of the severe-intensity SWT. No 

significant (p>0.05) effect of intensity was observed in any mOxy slow 

component parameters in either age group. The heavy-intensity V
.
O2 slow 

component was only significantly (p<0.05) related to maximal CS activity in the 

young cyclists, and no further relationships were observed between the V
.
O2 

and mOxy slow component kinetics and peripheral muscle characteristics. No 

significant (p>0.05) relationships were observed between the V
.
O2 and mOxy 

slow components and changes in blood pH, pO2, [HCO3
-] or [BLa-] during the 

two high-intensity SWT. Finally, non-significant (p>0.05) trends across time 

were observed in both the integrated EMG and mean power frequency 

responses of the VL and VM during the heavy and severe-intensity SWT. No 

significant (p>0.05) relationships were observed with the sEMG responses and 

either the V
.
O2 or mOxy slow component for either age group. In summary, no 

effect of age was observed in the V
.
O2 and mOxy slow components in the well-

trained cyclists, which may reflect the similar peripheral muscle characteristics 

and recruitment patterns of the working muscles of the two age groups. 
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Study Four: V
.
O2 and mOxy responses following moderate, heavy and severe-

intensity exercise in well-trained young and middle-aged cyclists. 

 Lastly, the fourth and final study examined the effect of age on the off-

transient V
.
O2 and mOxy responses following moderate, heavy and severe-

intensity exercise in well-trained cyclists. This study reported the relationship 

between the off-transient V
.
O2 and mOxy responses to the concentration of the 

hematological parameters at SWT completion and the peripheral muscle 

characteristics reported earlier. The V
.
O2 and mOxy off-transient responses 

were recorded during three minutes of ‘unloaded’ pedalling at 20 W following 

the completion of the moderate, heavy and severe-intensity SWT as detailed in 

Study Two. The off-transient responses were modelled using either a single or 

double-exponential function in order to quantify their speed and amplitude. 

RMANOVA revealed no significant (p>0.05) effect of age or age x intensity 

interaction for any off-transient V
.
O2 or mOxy parameter. However, significant 

(p<0.05) main effects of intensity were observed for the off-transient V
.
O2 and 

mOxy amplitudes (Af). The V
.
O2 off-transient τ (τf) was also observed to 

significantly (p<0.05) lengthen following the severe-intensity SWT compared to 

the moderate and heavy-intensity SWT. No such effect of intensity was 

observed in the mOxy response. Following the moderate-intensity SWT, the off-

transient V
.
O2 τf and MRTf were significantly (p<0.05) related to the [HCO3

-] and 

[BLa-] responses of the young cyclists. The off-transient moderate and heavy-

intensity V
.
O2 responses of the middle-aged cyclists were significantly (p<0.05) 

related to changes in [HCO3
-]. In conclusion, no effect of age was observed in 

the off-transient V
.
O2 and mOxy responses following moderate-, heavy- or 

severe-intensity constant load cycling in the matched well-trained cyclists.   
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 In summary, no significant effect of age was observed in the on- or off-

transient responses of V
.
O2 or mOxy in well-trained cyclists matched for  

V
.
O2max and peripheral muscle characteristics. However, the present data 

support previous findings of a significant effect of exercise intensity on several 

amplitude and speed measures of the V
.
O2 and mOxy kinetic responses. The 

absence of an effect of age is most likely due to the similar physiological and 

peripheral muscle characteristics reported within Study One. The results of the 

present series of studies suggest that physical training can maintain the rate of 

metabolic adaptation to exercise compared to a similarly trained younger 

cohort. Therefore, physical training may help to reduce the slowing of metabolic 

adaptation previously reported with sedentary aging.  

 

 



vii 

DECLARATION 

  

This thesis describes the original work of the author except where 

acknowledged in the text. I hereby declare that I have not submitted this 

material either in whole or part for a degree at this or any other academic 

institution.  

 

 

_________________________ 

Benjamin James Dascombe 



viii 

ACKNOWLEDGEMENTS 
 

Firstly, to my supervisor and mate Associate Professor Peter Reaburn – 

whose guidance and advice throughout this process was greatly appreciated. 

I’m glad the constant reminder of ‘it’s a test of endurance’ was not wasted on a 

sprinter. As promised, thanks for the bed in Canberra on that fateful night, it 

helped make the journey all the better. To Dr. Aaron Coutts - thanks for all the 

advice, experiences, questions, papers, phone calls, accommodation, etc. over 

the last few years. You have inspired me to extend and challenge myself for a 

long time, and continue to do so – I can not thank you enough for that. Lastly, I 

would also like to thank Dr Mark Holmes for his biochemistry expertise and 

extended loan of his NIRS unit – I will give it back one day I promise! 

 

 To Trevor Gear and Greg Capern, thanks for the many early mornings, 

late nights and great stuff you guys gave me to play with – you are both worth 

your weight in gold or beer. I’d also like to thank Adam Bryant and Dr. Brendan 

Humphries for the mind-numbing EMG chats over the years. To Professor 

Kerry Mummery, thanks for the help with the design, statistical analysis and just 

chats. To Dr. Eric Hohman thank you for taking the muscle biopsies – a 

learning adventure for us both. The project could not have survived without 

your help. Also, my appreciation goes to Naomi McCallum and staff at the 

Anatomical Pathology Laboratory, Royal Brisbane Hospital for the assistance in 

storing and analysing the samples. To Dr. Rod Snow of Deakin University – 

thanks for all your patience and assistance in the biochemical analysis. To Kim 

Ghodes thanks for always looking after me and making sure I was organised! I 

would like to thank all the staff and postgraduates at the School of Health and 



ix 

Human Performance at Central Queensland University, in particular Rob, Mitch, 

and Alex for their support over the last couple of years. 

  

To all the subjects who put their hands up and participated – I literally 

could not have done any of this project without your time, sweat, blood or 

muscle. Thanks for your willingness to participate as well as the time and effort 

that you gave. To my research assistants Kent Perkins and Kirstin Thompson – 

thanks for the countless hours of cleaning, recording numbers and meaningless 

tasks. To many of my friends who have also lent their shoulders along the way 

– you have my eternal gratitude.  

 

To my family, in particular my parents, Harvey and Faye Dascombe who 

have supported and encouraged me from afar. Your success as parents has 

provided me with all of life’s opportunities and the tools needed to get this job 

done. I hope I can make you as proud of me, as I am of being your son. To 

Andrew, Felicity, Carissa and Kayla, as well as Kate and David – thanks for 

being a big part of my life and being family.  

 

Lastly, this thesis is dedicated to all those people who feel surrounded in 

doubt and don’t think they can win – but who still bury their head and have a dig 

anyway.  



x 

TABLE OF CONTENTS 
ABSTRACT ........................................................................................................ I 

DECLARATION...............................................................................................VII 

ACKNOWLEDGEMENTS ..............................................................................VIII 

LIST OF TABLES.......................................................................................... XIV 

LIST OF FIGURES ........................................................................................ XVI 

LIST OF EQUATIONS................................................................................. XVIII 

LIST OF ABBREVIATIONS AND NOMENCLATURE .................................. XIX 

 

CHAPTER 1 

INTRODUCTION ............................................................................................... 1 

Background Information..................................................................................... 1 

Introduction to Metabolic Adaptation.................................................................. 2 

Effects of Aging on Metabolic Adaptation .......................................................... 7 

Statement of the Research Problem.................................................................. 9 

Purpose of the Thesis ...................................................................................... 10 

Limitations and Assumptions ........................................................................... 11 

Delimitations .................................................................................................... 14 

 

CHAPTER 2 

REVIEW OF LITERATURE ............................................................................. 16 

BACKGROUND INFORMATION ..................................................................... 17 

Measurement of Oxygen Uptake Responses ........................................... 18 

Measurement of Muscle Oxygenation Responses.................................... 20 

 
ON-TRANSIENT KINETIC RESPONSES........................................................ 24 

Factors Influencing the On-Transient Responses..................................... 35 

Influence of Histochemical Parameters on the On-Transient Responses. 56 

Influence of Physical Training on the On-Transient Responses ............... 60 

Influence of Aging on the On-Transient Responses ................................. 65 

 
SLOW COMPONENT DEVELOPMENT .......................................................... 71 

Factors Influencing the Slow Component Development ........................... 74 

Influence of Histochemical Parameters on the Slow Components............ 81 

Influence of Physical Training on the Slow Components .......................... 87 

Influence of Aging on the Slow Components ............................................ 90 

 
OFF-TRANSIENT KINETIC RESPONSES...................................................... 95 

Factors Influencing the Off-Transient Responses..................................... 98 

Influence of Physical Training on the Off-Transient Responses ............. 104 

Influence of Aging on the Off-Transient Responses ............................... 107 

 
SUMMARY OF LITERATURE ....................................................................... 110 



xi 

CHAPTER 3 

METHODS..................................................................................................... 113 

APPROACH TO THE PROBLEM .................................................................. 113 

 
SUBJECTS .................................................................................................... 114 

Anthropometry ........................................................................................ 114 

 
EXERCISE PROTOCOLS ............................................................................. 115 

Assessment of Ventilatory Threshold and Maximal Aerobic Power ........ 117 

Square Wave Transitions ....................................................................... 118 

30 Minute Time Trial ............................................................................... 119 

 
PHYSIOLOGICAL MEASURES..................................................................... 120 

Expired Gas Analysis.............................................................................. 120 

Modelling of VO2 Kinetics Data............................................................... 120 

Near-Infrared Spectroscopy.................................................................... 124 

Modelling of mOxy Kinetics Data ............................................................ 129 

Heart Rate Measurement ....................................................................... 131 

Hematological Measures ........................................................................ 132 

Surface Electromyography...................................................................... 133 

 
MUSCLE HISTOCHEMICAL AND ENZYMATICAL CHARACTERISTICS .... 136 

Muscle Biopsies...................................................................................... 136 

Histochemistry ........................................................................................ 138 

Enzyme Analysis .................................................................................... 142 

 
STATISTICAL ANALYSIS.............................................................................. 150 

 

CHAPTER 4 

PHYSIOLOGICAL, HISTOCHEMICAL, ENZYMATIC AND PERFORMANCE 
CHARACTERISTICS IN WELL-TRAINED YOUNG AND MIDDLE-AGED 
CYCLISTS ..................................................................................................... 153 

OVERVIEW ................................................................................................... 153 

 
RESULTS ...................................................................................................... 154 

Physical Characteristics.......................................................................... 154 

Muscle Histochemical and Enzymatical Characteristics ......................... 155 

30 Minute Time Trial Results .................................................................. 157 

 
DISCUSSION................................................................................................. 161 

 
SUMMARY .................................................................................................... 174 

 

 

 



xii 

CHAPTER 5 

ON-TRANSIENT V
.
O2 AND MOXY RESPONSES TO MODERATE-, HEAVY- 

AND SEVERE-INTENSITY EXERCISE IN WELL-TRAINED YOUNG AND 
MIDDLE-AGED CYCLISTS........................................................................... 176 

OVERVIEW ................................................................................................... 176 

RESULTS ...................................................................................................... 177 
On-Transient V

.
O2 Responses................................................................. 177 

On-Transient mOxy Responses.............................................................. 181 

Hematological Responses ...................................................................... 184 

Correlations between Physiological Variables ........................................ 189 

 
DISCUSSION................................................................................................. 195 

 
SUMMARY .................................................................................................... 209 

 

CHAPTER 6 

V
.
O2 AND MOXY SLOW COMPONENTS DETERMINED DURING HEAVY- 

AND SEVERE-INTENSITY EXERCISE IN WELL-TRAINED YOUNG AND 
MIDDLE-AGED CYCLISTS........................................................................... 211 

OVERVIEW ................................................................................................... 211 

 
RESULTS ...................................................................................................... 212 

V
.
O2 Slow Component ............................................................................. 212 

mOxy Slow Component .......................................................................... 214 

Electromyographic Responses ............................................................... 216 

 
DISCUSSION................................................................................................. 219 

 
SUMMARY .................................................................................................... 232 

 

CHAPTER 7 

OFF-TRANSIENT V
.
O2 AND MOXY RESPONSES FOLLOWING MODERATE, 

HEAVY AND SEVERE-INTENSITY EXERCISE IN WELL-TRAINED YOUNG 
AND MIDDLE-AGE CYCLISTS..................................................................... 234 

OVERVIEW ................................................................................................... 234 

 
RESULTS ...................................................................................................... 235 

Off-Transient V
.
O2 Responses ................................................................ 235 

Off-Transient mOxy Responses.............................................................. 238 

Correlations between Physiological Variables ........................................ 240 

 
DISCUSSION................................................................................................. 244 

 
SUMMARY .................................................................................................... 257 



xiii 

CHAPTER 8 

SUMMARY AND CONCLUSIONS ................................................................ 259 

SUMMARY .................................................................................................... 259 

 
CONCLUSIONS............................................................................................. 262 

 
FUTURE RESEARCH DIRECTIONS ............................................................ 264 

 

REFERENCES .............................................................................................. 266 

 

APPENDICES................................................................................................ 296 

APPENDIX 1 

Informed Consent and Subject Information Pack.................................... 297 

 
APPENDIX 2 

Revised Physical Activity Readiness Questionnaire ............................... 307 

 
APPENDIX 3 

Institutional Ethics Approval.................................................................... 313 

 
APPENDIX 4 

Cuff Ischemia and Muscle Biopsy Pain Scale Results............................ 317 

 

 



xiv 

LIST OF TABLES 

 
Table 4.1:  Mean (± SD) physical characteristics of the young and middle-

aged cyclists .......................................................................... 154 
 
Table 4.2:  Mean (± SD) histochemical characteristics of the vastus lateralis 

in the young and middle-aged cyclists. .................................. 155 
 
Table 4.3:  Mean (± SD) capillarisation measures of the vastus lateralis in 

the young and middle-aged cyclists. ...................................... 156 
 
Table 4.4:  Mean (± SD) maximal specific glycolytic and oxidative enzyme 

activities of the vastus lateralis in the young and middle-aged 
cyclists. .................................................................................. 156 

 
Table 4.5:  Mean (± SD) performance and physiological characteristics of 

the young and middle-aged cyclists across the thirty minute time 
trial. ........................................................................................ 158 

 
Table 4.6:  Mean (± SD) hematological measures of the young and middle-

aged cyclists across the thirty minute time trial...................... 160 
 
Table 5.1:  Mean (± SD) time and amplitude values of the on-transient V

.
O2 

responses of the young and middle-aged cyclists across the 
three square wave transition intensities. ................................ 178 

 
Table 5.2:  Mean (± SD) time and amplitude values of the on-transient 

mOxy responses of the young and middle-aged cyclists across 
the three square wave transition intensities. .......................... 182 

 
Table 5.3:  Mean (± SD) blood pH values during the moderate-, heavy- and 

severe-intensity square wave transitions in the young and 
middle-aged cyclists. ............................................................. 185 

 
Table 5.4:  Mean (± SD) blood pO2 values during the moderate-, heavy- 

and severe-intensity square wave transitions in the young and 
middle-aged cyclists. ............................................................. 186 

 
Table 5.5:  Mean (± SD) blood [HCO3

-] values during the moderate-, heavy- 
and severe-intensity square wave transitions in the young and 
middle-aged cyclists. ............................................................. 187 

 
Table 5.6:  Mean (± SD) [BLa-] values during the moderate-, heavy- and 

severe-intensity square wave transitions in the young and 
middle-aged cyclists. ............................................................. 189 

 
Table 5.7a:  Correlation coefficients (r) for the relationships between the 

amplitude and time parameters of the moderate-intensity V
.
O2 

and mOxy kinetic responses and hematological variables in the 
young and middle-aged cyclists............................................. 190 

 
Table 5.7b:  Correlation coefficients for the relationships between the 

amplitude and time parameters of the heavy-intensity  V
.
O2 and 

mOxy kinetic responses and hematological variables in the 
young and middle-aged cyclists............................................. 191 



xv 

Table 5.7c:  Correlation coefficients for the relationships between the 
amplitude and time parameters of the severe-intensity V

.
O2 and 

mOxy kinetic responses and hematological variables in the 
young and middle-aged cyclists............................................. 192 

 
Table 5.8a:  Correlation coefficients for the relationships between the 

amplitude and time parameters of the V
.
O2 responses across the 

three square wave transition intensities and the peripheral 
muscle characteristics in the young and middle-aged cyclists     
............................................................................................... 193 

 
Table 5.8b:  Correlation coefficients for the relationships between the 

amplitude and time parameters of the mOxy responses across 
the three square wave transition intensities and the peripheral 
muscle characteristics in the young and middle-aged cyclists.   
…. .......................................................................................... 194 

 
Table 6.1:  Mean (± SD) time and amplitude values of the V

.
O2 slow 

component of the young and middle-aged cyclists measured 
during the heavy- and severe-intensity square wave transition…  

 … ........................................................................................... 213 
 
Table 6.2:  Mean (± SD) time and amplitude values of the mOxy slow 

component of the young and middle-aged cyclists measured 
during the heavy- and severe-intensity square wave transition.… 

 ............................................................................................... 215 
 
Table 7.1:  Mean (± SD) time and amplitude values of the off-transient V

.
O2 

response of the young and middle-aged cyclists following the 
three square wave transition intensities. ................................ 236 

 
Table 7.2:  Mean (± SD) time and amplitude values of the off-transient 

mOxy response of the young and middle-aged cyclists following 
the three square wave transition intensities. .......................... 239 

 
Table 7.3:  Correlation coefficients for the relationships between the 

amplitude and time parameters of the off-transient V
.
O2 

responses following the moderate-, heavy- and severe-intensity 
square wave transitions and changes in hematological 
parameters in the young and middle-aged cyclists. ............... 241 

 
Table 7.4a:  Correlation coefficients for the relationships between the 

amplitude and time parameters of the off-transient V
.
O2 

responses following the moderate-, heavy- and severe-intensity 
square wave transitions and histochemical and enzymatic 
characteristics of the young and middle-aged cyclists. .......... 242 

 
Table 7.4b:  Correlation coefficients for the relationships between the 

amplitude and time parameters of the off-transient mOxy 
responses following the moderate-, heavy- and severe-intensity 
square wave transitions and histochemical and enzymatic 
characteristics of the young and middle-aged cyclists. .......... 243 



xvi 

LIST OF FIGURES 
 

 
Figure 1.1:  Typical V

.
O2 responses to moderate and heavy-intensity  

exercise bouts............................................................................ 4 
 
Figure 1.2:  The kinetic markers used within the exponential functions to 

quantify the speed and amplitude of the on-transient Phase II 
and slow components as well as the off-transient response of  
V
.
O2 adaptation to an exercise bout. .......................................... 6 

 
Figure 2.1:  Schematic representation of the on-transient V

.
O2 response to 

moderate-intensity steady-state exercise................................. 25 
 
Figure 2.2:  Schematic representation of the primary mOxy on-transient 

response to moderate-intensity exercise ................................. 28 
 
Figure 2.3:  Relationship between maximal activity of 2-OGDH and TCA 

cycle flux within the vastus lateralis during one-legged knee 
extension exercise at 37-38˚C ................................................. 55 

 
Figure 2.4:  The gain for the primary component versus time for moderate, 

heavy and severe-intensity exercise for subjects with high 
percentages of Type I and Type II fibres ................................. 58 

 
Figure 2.5:  Schematic representation of the V

.
O2 and mOxy slow 

component and kinetic parameters during heavy-intensity 
submaximal exercise. .............................................................. 72 

 
Figure 2.6:  The effect of cadence on the primary and end-exercise V

.
O2 

gains, and V
.
O2 slow component magnitude ............................ 85 

 
Figure 2.7:  Schematic representation of the V

.
O2 and mOxy off-transient 

response and kinetic parameters following heavy-intensity 
submaximal exercise. .............................................................. 96 

 
Figure 3.1:  Schematic representation of the testing sequence throughout 

the series of studies. .............................................................. 116 
 
Figure 3.2:  Schematic representation of the order of SWT within a testing 

session................................................................................... 118 
 
Figure 3.3:  Schematic representation of the exponential parameters 

involved in modelling the on-transient V
.
O2 response. ........... 121 

 
Figure 3.4:  Schematic representation of the exponential parameters 

involved in modelling the off-transient V
.
O2 response............. 124 

 
Figure 3.5:  Modified NIRS probe for the Runman unit to allow concurrent 

EMG and NIRS analysis. ....................................................... 126 
 
Figure 3.6:  Schematic representation of the exponential parameters 

involved in modelling the on-transient mOxy response.......... 130 
 
Figure 3.7:  Schematic representation of the exponential parameters 

involved in modelling the off-transient mOxy response.......... 131 



xvii 

 
Figure 3.8:  Illustration of the electrode placement for the VL and VM sEMG 

measurement......................................................................... 134 
 
Figure 3.9:  Configuration of the angular displacement system for the Lode 

Excalibur Cycle. ..................................................................... 135 
 
Figure 3.10:  A typical cross-section of m-ATPase stained (pH 4.5) muscle 

demonstrating Type I, IIa and IIb fibres. ................................ 139 
 
Figure 3.11: A typical cross-section of muscle stained for measures of 

capillarisation. ........................................................................ 141 
 
Figure 6.1:  Mean (± SEM) iEMG responses from the vastus lateralis and 

vastus medialis during the heavy- and severe-intensity SWT in 
the young and middle-aged cyclists . ..................................... 217 

 
Figure 6.2:  Mean (± SEM) MPF responses from the vastus lateralis and 

vastus medialis during the heavy- and severe-intensity square 
wave transition in the young and middle-aged....................... 218 

 



xviii 

LIST OF EQUATIONS 

 

Eqn 1:  τ& & p p-(t-TD )/
2 2 pVO  (t) = VO (b) + A  · [1-e ]  

Eqn 2:  τ τ& & p p s s-(t-TD )/ -(t-TD )/
2 2 p sVO  (t) = VO (b) + A  · [1-e ] + A  · [1-e ]  

Eqn 3:      τ τp p s p p s p s s sMRT (s) = [A /(A  + A )] · (TD  + ) +  [A /(A  + A )] · (TD  + )  

Eqn 4:  τ& & f f-(t-TD )/
2 2 f 1VO  (t)  = EEVO  - A   · [1-e ] · u  

Eqn 5:  A = ε · [c] · L · B + G 

Eqn 6:  τp-(t-TD )/
pmOxy (t) = mOxy (b) - A  · [1-e ]p  

Eqn 7:  
τ τp s s-(t-TD )/ -(t-TD )/

p smOxy (t) = mOxy (b) - A  · [1-e ] - A  · [1-e ]p  

Eqn 8:  f-(t-TD)/
f 1mOxy (t) = EEmOxy + A   · [1-e ] · u  τ  

Eqn 9:      
f-(t-TD)/ -(t-TD)/

f 1 fs 1mOxy (t) = EEmOxy + A   · [1-e ] · u  + A   · [1-e ] · ufsτ τ
 

Eqn 10:  MPF = LS * time + IMF 

Eqn 11:  

 

 Eqn 12:  

 

Eqn 13:  

 

Eqn 14:  

 

Eqn 15:  

 

Eqn 16:  

 

Eqn 17:  

 

 

mean
0.207 + 0.232DD  =  x   average fibre cross-sectional area

C:F Ratio
 
  

max
0.415 + 0.477DD  =  x   average fibre cross-sectional area

C:F Ratio
 
  

( )sample
standard standard wet muscle

standard

FPFK Activity ( mol/g/min) =  x mM  x mL   g   min
F
 

µ ÷ ÷ 
 

( )sample
standard standard wet muscle

standard

FLDH Activity ( mol/g/min) =  x mM  x mL   g   min
F
 

µ ÷ ÷ 
 

Abs/min x Total volumeCS Activity ( mol/g/min)  =  x  Dilution factor 
Sample volume x 13.6

∆µ

Abs/min x Total volumeß-HAD Activity ( mol/g/min)  =  x  Dilution factor 
Sample volume x 6.22

∆µ

Abs/min x Total volume2-OGDH Activity ( mol/g/min)  =  x  Dilution factor 
Sample volume x 6.22

∆µ



xix 

 LIST OF ABBREVIATIONS AND 

NOMENCLATURE 

    

2-OGDH 2-Oxogluterate dehydrogenase 

20TT Twenty kilometre time trial 

30TT Thirty minute time trial 

∆Abs•min-1 Change in absorbance per minute 

A  Optical density 

A/D Analogue to digital conversion 

ANOVA Analysis of variance 

ATP Adenosine triphosphate 

Af  Off-transient amplitude 

Afs Slow off-transient amplitude 

Ap Primary component amplitude 

As Slow component amplitude 

a-vO2diff Arterio-venous oxygen difference 

B Path length of the scattering light 

b•min-1  Beats per minute  

BLa- Blood lactate 

[BLa-]   Blood lactate concentration 

β-HAD Beta-hydroxyacyl-CoA dehydrogenase 

BSA  Bovine serum albumin 

C Chromophore concentration 

cap•mm-2 Capillaries per millimetre squared 

C/F Capillary to fibre ratio 

CC/F Capillary contacts per fibre 



xx 

CC•µm-2 Capillary contact per fibre area 

CI Confidence interval 

cm Centimetre 

CO2 Carbon dioxide 

CoA Co-enzyme A 

CS Citrate synthase 

CSA Cross-sectional area 

CV% Percentage of Co-variance 

° Degree 

oC Degrees Celsius  

∆ Difference between VT and V
.
O2max  

DDmean Mean diffusion distance 

DDmax Maximum diffusion distance 

DTNB 3,3'-dithiobis(6-nitrobenzoic acid) 

ε  Chromophore extinction coefficient   

EDTA Ethylenediaminetetraacetate 

EEV
.
O2   End-exercise oxygen consumption 

EEmOxy End-exercise muscle oxygenation 

EPOC Excess post-exercise oxygen consumption 

Eqn Equation 

η
2 Partial eta squared  

Fsample Fluorescence of sample 

Fstd Fluorescence of standard 

FIO2 Fraction of inspired oxygen 

g Gram 

G Geometry coefficient 



xxi 

gwt muscle Wet mass of tissue sample 

Gp Primary component gain 

Gs Slow component gain 

Go Overall (primary + slow component) gain 

h Hour 

Hb Hemoglobin 

HbO2 Oxyhemoglobin 

HCl Hydrochloric acid 

[HCO3
-] Blood bicarbonate concentration 

HR  Heart rate 

HRmax  Maximum heart rate 

%HRmax  Percentage of maximum heart rate  

Hz Hertz 

iEMG Integrated electromyography 

KCl Potassium chloride 

K2HPO4  Dipotassium hydrogen phosphate 

kg Kilogram 

kΩ Kilo-ohms 

L Litres 

l Distance between light source and detectors 

L•min-1 Litres per minute 

LDH Lactate dehydrogenase 

LSD Least significant difference 

LT Lactate threshold 

m Metre  

M Mole 



xxii 

M-1•cm-1 Mole per centimetre 

Mb Myoglobin 

MbO2 Oxymyoglobin 

X Mean  

MgCl2 Magnesium chloride 

MHC Myosin heavy chain 

min Minute 

mL Millilitre  

mLvol std Volume of standard 

m-ATPase Myosin ATPase 

mmHg Millimetres of mercury 

mg Milligram 

mL•kg-1•min-1 Millilitre per kilogram per minute 

mL•min-1 Millilitre per minute 

mL•min-1•100g-1 Millilitre per minute per 100 grams 

mL•min-1•W-1 Millilitre per minute per watt 

mL•W-1 Millilitre per watt 

mm Millimetre 

mm2 Millimetre squared 

mM Millimolar 

mmol•L-1  Millimole per litre 

mmol•kg w.w. -1 Millimole per kilogram wet weight 

mOxy Muscle oxygenation 

MPEG Megapixels 

MPF Mean power frequency 

MRI Magnetic resonance imaging 



xxiii 

ms Millisecond  

mV Millivolts 

n Sample size 

N2 Nitrogen molecule 

NAD Nicotinamide adenine dinucleotide 

NADH Nicotinamide adenine dinucleotide (reduced) 

NaOH Sodium hydroxide 

NIRS Near infrared spectroscopy 

nm Nanometre 

O2  Oxygen molecule 

p Alpha    

PAS Periodic acid-schiff 

PCr Phosphocreatine 

% Percent 

%•W-1 Percent per watt 

PFK Phosphofructokinase 

PO Power output 

pO2 Partial pressure of oxygen 

pCO2 Partial pressure of carbon dioxide 

Q&  Cardiac output 

r Correlation co-efficient  

RF Rectus femoris 

RH Relative humidity 

RMANOVA Repeated measures analysis of variance 

RMS Root mean square 

RPM Revolutions per minute 



xxiv 

RPO Relative power output 

s Second 

SD Standard deviation  

SDH Succinate dehydrogenase 

SEM Standard error of measurement 

sEMG Surface electromyography 

√ Square root 

SWT Square wave transition 

SV Stroke volume 

∑ Sum 

τ Time constant 

τ½  Half-life 

τf  Off-transient time constant 

τfs Slow off-transient time constant 

τp Primary component time constant 

τs Slow component time constant 

TDf Off-transient time delay 

TDfs Slow off-transient time delay 

TDp Primary component time delay 

TDs Slow component time delay 

TEM Technical error of measurement 

TEM% Technical error of measurement percentage 

TT Time trial  

µg•µL-1 Microgram per microlitre 

µL Microlitre 

U•mL-1 Units per millilitre  



xxv 

µm Micrometre 

µm2 Micrometre squared 

µmol Micromole 

µmol•gw.w.
-1•min-1 Micromole per gram wet weight per minute 

µmol•gprotein
-1•min-1 Micromole per gram of protein per minute 

µmol•L-1 Micromole per litre 

µmol•L-1•min-1 Micromole per litre per minute 

vs.  Versus 

vV
.
O2max Velocity at maximal oxygen consumption 

V
.
CO2   Volume of carbon dioxide produced 

V
.
E  Volume of expired air 

VL Vastus lateralis 

VM Vastus medialis  

V
.
O2  Volume of oxygen consumed 

V
.
O2 (b) Baseline oxygen consumption 

V
.
O2max  Maximal oxygen consumption 

%V
.
O2max  Percentage of maximal oxygen consumption 

VT Ventilatory threshold 

W Watt 

W•kg BM-1 Watts per kilogram body mass  

wMRT Weighted mean response time 

wMRTf Off-transient weighted mean response time 

y Year 

 


