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Other researchers have found the range of signal frequencies for surface 

EMG's in certain instances to be between 1 to 3000 Hz (536). Applying the 

Nyquist sampling theorem, would advocate that in such cases a sampling 

frequency of 6000 Hz is necessary. Conversely, most of the power of the 

signal is in the range 50 to 150 Hz (509). For this reason, it has been 

suggested that a sampling frequency of 500 Hz would be more than sufficient 

for surface EMG (509). 

There is, however still some confusion about what constitutes adequate 

capture rates for a functional, rehabilitative or sporting activity. Accordingly, 

the aim of this study was to assess the reliability of EMG data captured at 

different frequency capture rates by sampling surface EMG during fatiguing 

activities at a number of differing rates, and assessing the relationships 

between amplitudes recorded in each case. 

2.1.1 Question 

The question addressed by this study is: 

1. What is a reliable EMG capture rate to be used for both MVC and 

submaximal ,to fatigue cycling? 
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2.2 METHODS 

2.2.1 Subject selection and sampling 

Ten healthy males volunteered for this study. The mean age, height and body 

mass of subjects were 5 ± yr, 180 ± 13 cm and 78.8 ± 16 kg. All 

subjects were physically active and each an informed consent before 

the study. The Research and Ethics Committee of the University of 

Town Medical School the study. 

Preliminary testing 

Peak power output (PPO) was as described by Hawley and Noakes 

(240). riding on an electrically braked cycle ergometer (Lode, 

Groningen, Netherlands) at a starting work rate of 2 W.kg-1 body weight 

(BW) for 150 s, after which power output was incr.eased by 25 Wevery 

1 s until the subject became exhausted. Exhaustion was defined as a drop 

in subject's pedalling frequency from -90 to <50 revolutions/minute. 

was defined as the last completed work in W plus the fraction of time 

spent in the final non--completed work rate mumplied by W. Mean 

value for all the subjects were 347 + 33 W 
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2.2.2.1 Anthropometry 

Mass and stature were recorded, and an anthropometric was 

conducted on each subject Body fat was calcu~ated using equation of 

Durnim and Wormersley (146) from the sum of seven skinfolds (438). Lean 

thigh volume for each subject was calculated according to the method 

adopted from Katch and Katch (283), based on the assumption that the upper 

lower limb is a truncated cone. 

2.2.3 Experimental trial 

2.2.3.1 Force/ voltage 

In to compare cycling and maximal .<=,.-,'r",,,,,,,. voluntary contraction data, 

following simplified relationship was used; 

P == FV 

Where P is the power output (Watts). F is the force applied to the pedal (N), 

and V is the velocity (W/S) of 

F= 
V 

foot on the pedal. Rearranging this equation, 

and since the length of the crank,was 0.173 m and the pedal rate were 1 m 

lOO 
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2.2.3.2 MVC testing 

In the week testillg, each subjects' knee extensor strength 

capacity was measured on a dynamometer (Kin - Com, Chattanooga Group 

Inc., USA). Subjects on the dynamometer with their arms folded across 

their chest and their hips, thighs and upper bodies were firmly strapped 

seat. in this position their hip angle was 1000 flexion. The right lower leg 

was then attached to the arm of the dynamometer a level slightly above 

arm was aligned with lateral malleolus and the axis of rotation of 

lateral femoral condyle. The arm was then 

angle from full leg extension (Figure 1). 

so the knee was at a 600 

subject performed four 

maximal familiarisation contractions prior to performing two maximal MVC's, 

the latter which were used for subsequent analyses. All subjects wer-e 

encouraged verbally maximal effort during both MVC's and were 

provided with Kin Com visual 

Figur-e 1. Isometric maximal voluntary contractions for leg extension (MVC) 

a knee Joint angles of 60°. The arrow indicates direction of force. 
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Following MVC's, subjects performed a minute on a cycle 

ergometer Groningen, Netherlands) increasing work rates. Work 

was at 30% of and increased to 50% (SUB) and then to 70% of 

PPO for 15 minute periods. Immediately 15 minute at 

constant work rates, the work was prog increased by 15 W.min-1 

until the subject the point of exhaustion and could no longer -continue 

exercise (PWA TT) (Figure PWATT, taken to reach exhaustion 

(TIME) and peak V02 achieved (V02MAX) were 330.3 + 44.7 W, + 1.4 min 

and 50.7 + 6.1. ml.kg-1.min-1 Individual physical of 

subjects are in 2.1. 

* * * * 

100 

90 * 
80 EMG 
70 

% PPO 60 

50 

40 

30 

20· 
0 5 10 15 20 25 30 35 40 45 50 55 60 

Time {min) 

Progressive cycle protocol. Electromyographic 

(EMG) wer€ all recorded 10,25,40 minutes and at exhaustion during 

the 
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Table 1. Subject information. Peak power output (PPO). pea'k watts reached 

at cycling exhaustion (PWATT), time taken to reach exhaustion (TIME), 

maximal volume of oxygen uptake (V02MAX). 

2 311 329 57.5 
3 356 359 49 51 
4 373 347 49 
5 343 51 46 
6 364 50.3 51 
7 357 340 50 
8 312 248 46 40.5 
9 49.2 
10 360 49.4 

Mean 1 

All values are mean + SO 

2.2.3.4 

During the MVC's and progressive cycling the EMG activity the 

femoris muscle was 1"0 ......... 1".1"1&:11 The was placed over the 'belly' 

of the femoris muscle approximately midway between the superior 

of the patella and the anterior superior iliac crest. placement of 

the skin was shaved, abraded with sandpaper and cleaned with 

ethanol. A triode o]"' ............. "ria was then attached to the covered with cotton 

swabs to minimise ...... o,,..,.""ro nec:ted to a pre-amplifier. 

Outputs from the pre-amplifier were relayed to a Flexcomp/DSP EMG 

apparatus (Thought Technology USA) a fiber optic cable and stored by an 
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on line computer. EMG was recorded for 5 during MVC, after 

minutes during SUB and 30 seconds before reaching PWATT during the cycle 

ride. The same EMG signal was captured simultaneously on 7 channels 

programmed to record at frequencies of 64, 128,256,512,1024 and 1984 

Hz. All the data for each subject was captured throughout one session with no 

change in movement. 

During recordings, signals were notch filtered at 50 to limit electrical 

interference and anti-aliasing filters were used for all 7 different 

Although Figure 2 shows raw signals, the signals were subsequently 

converted to positive values by full-wave rectification. Post-hoc filtering was 

not possible on the data at low frequency capture rates and statistical 

differences in raw amplitude for all capture were therefore 

The spectra in Figure were produc-ed by fast fourier transform in MAT LAB 

of the signal sampled at 1984 Hz. The fr.equencies up to 512 are shown in 

A and up to 32 in Band D. 

2.2.4 Statistical analyses 

CT':',TIC1'II"'C are presented as means and standard deviations. Significant 

differences between EMG amplitudes of MVC, PWA TT and SUB were 

1'>~~:1'>1'>"'~U by analyses of variance with repeated measures. Where 

significant differences occurr.ed, post hoc test was used locate the 

1{)4 
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differences between groups. comparisons between and MVC 

for NN were analysed with a paired Students t-test. 

Raw data for sample period for ·each subject was fitted to optimal 

rectangular hyperbola for each capture Using the Inplot GraphPad 

Programme, asymptote hyperbola values were determined by differentiating 

the hyperbola and determining where dEMG/dHz became O/dkHz. The force 

output during the isometric and cycle ride was calculated and related to 

mean activity during the 5 second period when the data was 

captured. Pearson correlation 

between the parametric data. 

was used to assess the relationships 

ws 



Univ
ers

ity
 of

 C
ap

e T
ow

n

RESULTS 

2.3.1 Individual raw data 

2 shows raw data an individual subject for PWATT and IVlVC 

captured both at and 1984 data demonstrates that the 

amplitude captured for both activities is considerably higher at 1984 Hz than 

Hz. When comparing 32 Hz IVlVC (Figure 2.3 a) with PWATT (Figure 2 c) 

the difference in amplitude to be marginal. However, visually there 

are marked differences at 1984 Hz between MVC (Figure b) and PWATT 

(Figure 2.3 d) in this representative individual's data. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

,,.. 
'500 • 

, .... 
"'10 

'!90 
1500 j 
'00' 

'000 

'00 
"'I 

Hz O~M~~~~~~N~~~ Hz .... - 4000 

·'000 
"000 

...... 
-ZOGO 

....., 
·2:500 

.",.., 

b : 
2S00 

2.000 

.... 
1500 

lOOO 
1000 ... 
""" 

Hz 0 .500 

~lOOO 

I 
~l$OO 1 
..... j 

.""" -UIJa j 

.:1500 

raw aata captured over a period of5 for MVC at (a) and at (b) cycling 
\#l\.uaU';::'UVll (c) (d) at 1984Hz. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3.2 The .effect of different EMG 

and Figure 2.4 shows effect of different EMG capture 

during MVe, PWA TT and SUB. Highly significant differences (P < 0.01) were 

found all freq during each activity. Highly significant differences (P 

< 0.01) are shown with asymptote of + 105.4 for 

SUB, 503.1 ::!:: Hz for PWATT and 1604 + 235.6 Hz for MVe. The 

linearity the asymptote value for MVe, PWATT and SUB 

consistent and reliable recordings, whereas below shows differing profiles and 

wider variability, ro1'<"\ro unreliable 

Table Sampling frequency of mean EMG (Mv) during maximal voluntary 

contraction (MVe),cyciing exhaustion (PWATT), and 50% of peak power 

output (SUB). 

+ 75.1 * + 78.6 * + 78.7 
PWATT 84 84.8 85.7 83.6 

+ * ::!:: 73.9 '* + * + 1 * + 71.9 * + 71 + 72 - -
25.6 2·8.2 25.6 32.4 37.3 36.9 37.3 
+ + 16.1 * + 15.1 '* + 17.1 * + 1 +16.4 

Values are means ± 

* - P < 0.01 MVe, - 1984 Hz. PWATT, - 512 Hz. SUB, 32 - 512 Hz. 
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* * 
* 

300 

* 

---.I:- MVC 

-o-PWATI 

-II- SUB 

* Asymptote values 

o 500 1000 1500 2000 

Sampling Frequency (khz) 

Figure 2.4. of sampling frequency of mean EMG during maximal 

voluntary contraction {MVC), cycling exhaustion (PWATT), and 50% of peak 

power output (SUB) (* - P < 0.01 main effect). Highly significant (P 

< 0.01) are shown by the marked asymptote values of ± 105.4 Hz for 

Sub. 503.1 + for PWATT and 1604 ± 235.6 Hz for MVC. 

2.3.3 The difference between activities 

Table 2.3 and Figure 2.5 shows the comparison between PWATT and MVC of 

all capture of each activity as a percentage of its' capture rate of 

1984 Hz. The largest I"\QlrJ"&>nT!:lII"l<=> difference at MVC, between 32Hz and 1984 

Hz capture rate, was approximately 68%, as compared to the PWA TT 

which was than 20%. 
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2.3 . ...,"" ... ,,'" of maximal data (%) captured 1984 Hz for both 

cycling at exhaustion (PWA IT) and maximal voluntary contraction (MVC) 

32 - 1024 Hz. 

MVC 17.0 + 
21.8 66.6 

93.0 + 
1 

98.0 + 
78.6 

Values are means + SO 

t')~­
:?i:?i w_ 

100 

o 50 

o 
o 

Figure Capture 

-PWATT 

--- MVC 

250 500 

Sampling Frequency (kHz) 

(32,64, 1 512 and 1024 Hz) {)f cycling at 

exhaustion (PWATT) and maximal voluntary contraction (MVC) ·d1splayed as a 

of their respective highest capture of 1984 Hz. 
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2.3.4 Individual frequency spectrum 

figure 2.6 shows the individual frequency spectrum data sampled at 1984 Hz 

that is normalised to the maximum peak amplitude achieved within that 

activity, to enable comparison between MVC and PWATI. Figure 4 a and b 

an individual's data which was captured during MVC whilst Figure 4 

c and d is captured throughout PWATI. Figure 2.6 band d is a nified 

version of a and c respectively and shows data up to 30 Hz. According to the 

Nyquist theorem (259), 16 Hz and below are the frequencies of data that are 

collected when using a capture rate Hz. 

III 
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2.3.5 Force/voltage 

2.4 shows power expressed as force (N) to enable calculation the 

force per voltage EMG (NN) relationship from the varying rates. Subject 6 

was omitted from the data UC";,-,QU;:)C"; of unusually high amounts of artifact 

recorded. were no significant differences in the values captured 1984 

Hz (3.8 ± 1.7 NN vs 2. + 0.9 5NN). However, significant differences found (P 

< 0.01) at 32Hz capture (6.2 ± 3.8 NN vs 16 ± 8 NN). 

Table 2.4. Newtons/volt (NN) data of cycling at point of exhaustion 

(PWATT) and maximal voluntary contraction (MVC) whilst captured rates of 

1984 Hz and Hz. 

1984 Hz 

2 2.7 1.1 3 

3 2.5 3.2 11 

4 3.8 14 

5 2 1 2.8 18.4 

6 

7 5 1 

8 6 3 1 

9 1 1.4 6 11 

10 4.4 1.7 6.4 14.4 

Mean 3.8 + 1 2.5 + 0.9 6.2 + 3.8** 16.0 ± 8.0 

All values are mean + 

** - P < 0.01 NN 32 Hz vs MVC NN at 

113 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3.6 Correlations 

Low correlations were found between EMG activity and lean thigh volume, 

MVC, whilst a non significant negative correlation was seen body fat 

percent (Table Similarly, no correlations were found between EMG 

activity and and PWATT. 

Table lean thigh volume cc (LTV), body fat (%), cycling 

exhaustion power output (PWATI). maximal voluntary contraction (MVC) 

peak power output (PPO) correlated with IEMG amplitude 

during cycling exhaustion (PWATI). 

Body % 
PPO 
PWATT 
MVC 

r 

0.68 
0.19 
0.14 
0.48 

at 1984Hz 
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2.4 DISCUSSION 

The main findings of this study were, i) that significant differences in EMG 

amplitude were for the different EMG capture rates, with varying EMG 

amplitudes from 32 Hz 1984 Hz capture rates; ii) that asymptote for 

MVC (1604 + Hz), PWATT (503.1 + Hz) and SUB (326.2 + 105.4 

Hz) were significantly different; iii) the force/EMG relationship for PWATT and 

MVC was significantly different (P < 0.01) at 32 Hz capture but were 

similar 1984 Hz 

For MVC, PWA TT and SUB differenc-es in amplitudes were observed for 

all the capture rates. The absolute difference in amplitude between MVC, 

PWA TT and at all the capture rates is to be ·expected, as different 

activities ""V,::',..,...I;::'·"" intensities will in different neuromuscular 

recruitment patterns. However, at the lower capture rates it is clear that 

significantly amplitude ~s It is logical to conclude that when, for 

example, using a low capture rate of 32 on an activity that is generating 

approximately 500 mV of amplitude, that only a small proportion that signal 

will be recorded (Figure 2.5). However, may not a limitation. In Figure 

if gradient of in with capture rates for 

MVC, PWATT and SUB were the same, it may be acceptable to use low 

capture for all activities and exercise as data would 

comparable. Mor-eover, it would possible to capture data at Hz and by 

applying a formuia on the exponential in amplitude with capture 

accurately predict what the amplitude wouJd if captured at 1984 

However, asymptote are significantly different between MVC, 
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PWATT and SUB, means that gradient in amplitude with capture 

is different activities. This difference in gradient is described in Figure 

2 which shows difference between Hz and 1984 Hz 

capture rate was approximately 68% for MVC, while PWATT was than 

20% difference. This would therefore suggest that to use a capture rate of less 

than 1604 for MVC, 503.1 Hz for PWATT and 326.2 Hz for is 

unreliable a different proportion of the signal is being captured. The 

cause of this differenoe at low capture could be not sampling 

rates that are twice that of highest frequency generated will cause aliasing 

(259). For example, Figure shows that if a capture rate of only 32 is 

IJsed, only 16 Hz will captured and when comparing MVC with PWATT, the 

majority of the MVC will not captured at this low capture rate. 

However, in this study EMG equipment used, employed use of anti-

aliasing filters, which will prevent aliasing from occurring. Therefore, some 

other condition is occurring which is causing such large variability at low 

capture between activities. 

A possible cause of this ~arge variability could be first, from motion 

generated during cycling which is shown by the large in Figure 2.5 

Motion artifact could be caused from any relative movement of 

and tissue, which would occur during the continual action ·of cycling, unlike the 

minimal movement during MVC. the electrode and skin tissue have 

different electrical properties, contact between the two will cause general 

polarization potential, which occurs through a lack of chemical equilibrium 

(29). When using high capture it is possibJe to use a high pass filter, 

which will smooth and rectify the signal to take out effects of motion 
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artifact. However, using low capture rates it is not to use a high 

filter, as 

smoothed 

will minimal signal left after the signal has 

rectified. example, motion artifact is considered occur 

nals approximate < 10Hz, if according to 

Nyquist a of 32 is used for and PWATT, only 16 Hz of 

the signal captu . 10 of it will be motion artifact (Figure 2.5) (29), 

therefore resulting in a unreliable signal. However, this only explains 

different asymptotes between MVC and but not between SUB 

PWATT. If difference in asymptote values were due to motion artifact, a 

lower value would be expected in PWA TT than SUB of a 

more aggressive motion producing extra motion artifact. A possible 

explanation for this occurrence is that in PWA TT there is more amplitude 

generated than SUB, which is probably due to additional motor unit 

recruitment from the increase in force production (381). From this in 

motor unit recruitment, it can then assumed that is an accompanying 

in median frequency (37). which means higher frequencies in the 

spectrum therefore in higher asymptote values i(1 PWATT; 

Second, the action of prolonged cycling ·during PWATT will 

temperature the muscle, resulting in EMG amplitude (421) in 

to MVC. This could as a result altered 

characteristics acting as a low pass filter (535). It is therefore possible this 

"low filter" may filter out different portions the PWATT signal 

at low rates in comparison the signal at high capture rates. 
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A~so, the force/EMG relationship displayed highly signific~nt differences 

between PWATT and MVC at 32 Hz and no significant differences 1 

force/EMG should be similar for given activity or intensity. 

Again, this to use a capture rate as low as is unreliable 

when comparing different activities and/or intensities for quantitative data 

causes are by sampling at 32 Hz, which is below the 

1604 Hz asymptote for MVC and 503.1 Hz asymptote for PWATT, results in 

capturing an unreliable portion of the signal, possibly due to motion 

and increase in muscle temperature generated in PWA TT or other reasons 

not elucidated in this study. 

Finally, low correlations found activity at 1984 Hz during 

PWATT and lean thigh volume, MVC, PPO and PWATT, suggests that no 

regression formula can be applied to predict EMG activity at differing amounts 

of force output. This suggests that EMG amplitude amounts during cycling 

activity will represent individual's distinct neural recruitment pattern, which 

will only proportionate to their own maximal amount recruitment. The 

possible causes for low correlations are first, lean thigh volume showed 

little correlation with total EMG activity because varying quantities of 

subcutaneous deposits electrode placement which will 

invariably interfere with the level of EMG activity. and PPO 

nn\l,,.,"rt poor correlation with activity, perhaps due to variables such as 

individual cardiorespiratory efficiency influencing the output fatigue. Finally, 

MVC is by the position of the electrode, the fiber typing (proportion of 

twitch to slow twitch fibers) and the inclusion synergist muscle 

groups, which may different to those used during cycling activity (219). 
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Although not significant, body fat showed a correlation, 

meaning that the higher the individual's body fat lower the amplitude 

impedes the 

would indicate that increasing body fat acts as filter which 

However, body fat percentage was predicted by means of 

skinfoid caliper, which often serves as a poor calculation due to the variability 

of fat deposited in the skinfold site. Consequently a correlation was computed 

with the th~gh skinfold measurement, but this also showed to be low due to the 

wide variability in fat deposits within subject. 

In summary, MVC, PWATT and showed differences in all the 

capture rates , differences in asymptote values and highly significant 

differences between PWA TI and MVC at 32 Hz and no significant differences 

at 1984 Hz in the force/EMG relationship. This that data captured at 

low frequencies is unreliable because the possible of motion 

artifact will be exaggerated low capture during cycling resulting in 

proportionately varied amplitude and a proportion of the frequency. 

spectrum profile captured. Also, low correlations between 'EMG activity at 

1984 Hz and lean thigh volume, MVC, and PWATI and an insignificant 

negative correlation for body that no 

formula can applied to assume EMG activity differing amounts of force 

output. 

In conclusion this study shows that EMG data captured below the asymptote 

1604 Hz for MVC, 503.1 Hz for PWATT and 326.2 Hz for at 32 Hz 

is It is therefore O::>U\.,\.:I<;;; that EMG data for MVC, PWA TI and 

SUB activity is above !:ITt",r:t:>I'YI"",nT""n.e,,... asymptote vatues for 
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qualitative data we that the highest 

on our ipment of 1984 would be used for all collection in this 

thesis. This would inter activity comparison and ensure that it is at 

least twice as high as the maximum amplitude 
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CHAPTER THREE 

MG NORMALISATION FO CYC FATIGU 

PROTOCOLS 
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1 INTRODUCTION 

Electromyography (EM G) is used to display patterns and 

been extensively employed to interpret both dysfunctional and functional 

muscle recruitment patterns related to cycling activity 19). 

Absolute EMG signals only provide the with a subjective 

measurement of is caused by first, high 

levels of neural recruitment 

associated with using different 

conducting repeated trials. To overcome 

, the inaccuracy 

sites when 

quantifying an 

EMG signal so that the muscle's 

necessary to use a normalisation 

muscle activity with a n:''I",or<::H"'I'''''O 

muscle as a percentage of this 

activity. This enables the rr"",,&;;;) 

points that have a significant 

EMG 

conditions. 

EMG activity, 

with the relative amount 

activity can itis 

Comparing a specific EMG 

and expressing the activity of the 

value can establish relative muscle 

subjective EMG values into data 

meaning (376). 

obtained over a variety of 

... ,e;"ne; can be made after normalising the 

for a given subject is compared 

that and is therefore rlCII"""",,"'!'::> 

on each individuals' own proportion of maximal activity. The investigator 

has the ability to the relative for a given workload across 

subjects. normalisation aJso allows for slight changes in 

variables such as placement and skin impedance (376). 
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EMG normalisation to effective activity has to be reliable 

and repeatable. Knuston et aL compared dynamic with isometric leg 

extension. Their results showed that isometric extension had a 

higher correlation coefficient between trials to dynamic 

leg extension, improving the reproducibility of 

a reliable rotl::>rOlnr-c. point, EMG normalisation method well as 

should have relevance to the given task. Yang (542) concluded that 

the isometric leg extension maximal voluntary contraction (MVC) is only 

that reveal percentage maximum activity of the 

muscle performance requirement to a specific task. However, when 

normalising data to a dynamic such as cycling there are a number 

differences in actions of muscles involved that make the relevance 

of isometric MVC questionable. 

researchers have documented that a maximum contraction implies 

that all motor units are at their maximum rate To obtain a 

maximum contraction during static activity it is essential to determine 

optimal knee Previous have shown (59;479) during 

isokinetic activity, the optimal knee (reference with the full 

extension) for force during concentric activity was between 60° and 65°. 

In support of this, it has been widely r:ecognized the recorded 

isokinetic MVC's of knee is largest in mid range motion 

;154), and is for in comparison to activity 

{7;1 However, Boiourchi Hull (60) that during cycling, 
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load was r"","",.,.rri.or"l n"""""""£;;),, 90 and 1 out of 

pedal at 12 which means that the 

ISo''"''' .... ' than 60" at this pedal position. We therefore 

of 1 

and 

To the 

for .peak force by seating a 

the angle of that 

knowledge are no 

on the bike, 

on the most 

cycle (0° 

is 

a knee angle 

pedal at 95° 

protocol for cycle fatigue protocols. Accordingly, with the aim of 

determining most -effective normalisation procedure for cycling protocols, 

we designed four contractions for i) isometric MVC; ii) 

isometric contractions of and; iii) 108" (1 

a one dynamic pedal (1REV). 

3.1.1 Question 

The question 

What is 

submaximal 

C;;);;:)I;;;U by this study 

0"',,,,,,,1'1\/0 method for the EMG signal 

intersubject comparison? 

1 
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3.2 METHODS 

3.2.1 Subject selection and sampling 

Ten healthy volunteered for this study. The mean age and body mass 

of subjects were .4 + 2.6 and 72.3 .! 8 kg respectively. All 

subjects were physically each signed an informed consent n;:::>tnr;:::> 

study. The and Committee of University of 

Town Medical School approved the 

Experimental trial 

3.2.2.1 MVC 

The MVC metllods are as described in chapter 

3.2.2.2 Fixed pedal isometric maximal voluntary contraction 

was positioned on to an electronically braked ergometer 

(Watsoft, Watsystem, ITG Corp, Bloomington, USA). The saddle height was 

adjusted a position by to the economical for 

own cycling performance. With the use of a goniometer a knee joint 

angle of either 60" (50"A) or 1 08" (108"A) (from full leg extension) (Figure 3.1 

a and b) was determined by piacing the of rotation on the lateral 

condyle and lining of the two arms on plane of the 

and fibula. A wooden block was built to a dfmension ·of x 8 x 8 em with a 
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groove inserted across 8 x 8cm ",,,,,,,.uv. the bottom 

of the peddle. block was then positioned riQ,"n·Q"-=Ith the pedal and 

height was adjusted fit the required knee joint Ie by placing the 

appropriate number of wooden tiles between the floor and block. Each 

performed familiarisation prior to performing 

two maximal contractions, which were used for 

subsequent All subjects were I""-=I..."on verbally to 

effort during both contractions. 

-I 
(a) 

{b) 

1 a and 3.1 voluntary "'r\~·UI"'!:.f'TIf . fiKed cyc1e 

contractions at joint angles of :60'" ('60 0 A) 1 (108° A) (b). 

arrow indicates ilir..ection force. 
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3.2.2.3 revolution maximum (1 REV) 

of subjects were firmly strapped into pedals and the right 

a starting of 108° a goniometer as described 

With a starting load of kg.kg-1 BW the was instructed to 

many revolutions as possible, if two or more revolutions were 

completed the was instructed to stop. protocol was continually 

by adding 0.05 kg.kg-1 on the starting load each until the 

subject could no complete a full revolution of the pedal. The data from 

the single full revolution was subsequently used for analyses. 

3.2.2.4 testing 

Prior maximal 

dynamometer, the same 

strength testing on the Kin-Com isokinetic 

methodology was applied as described in 

chapter 2. In this instance however, was for 5 seconds during 

MVC, 60° A, 108° A and for time taken to complete 1 The EMG 

was captur:ed 1984 Hz, notch filtered at 50 to limit interference 

and antialiased by hardware. 

faw were full wave r€ctified, movement removed 

using a high-pass second order Butterworth filter with a cut off frequency of 

15 Hz, then smoothed with a low-pass second Butterworth with a 

cut-off uency of 5 This was performed using MAT LAB ™ gait analysis 

This lEMG was used for analysis. 
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If 
I 

subject variability for different contractions was expressed as a 

proportion of their means by coefficient of variation (CV): 

CV:::: (SO/mean) x 100% 

Joules (work) was instantaneously calculated by both the electronically braked 

cycle ergometer and isokinetic dynamometer upon completion of the task. 

3.2.3 Statistical analyses 

one way ANOVA (with repeated was used to evaluate statistical 

significance of the variables measured. A post hoc test was used to 

detect differences the activities measured. Single comparisons De1[W€~en 

activities for work/EMG were analysed with a paired using two-

values of Significance was accepted as P ~ 0.05, and all data 

expressed as mean + 

RESULTS 

3.3.1 IEMG 

integrated EMG (IEMG) for MVC was significantly (P < 0.01) than 

{Table 1, Table 1 shows that600A, 

produced 93, respectively, IEMG than 

MVC. 108°A produced more than600A. inter 'Subject coefficient of 
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variation for IEMG ,during MVC, 60"A, 108"A and 1 was ,71, and 45 

% respectively. 

3.1. Mean amplitude values (lEMG)(mV) captured for maximal voluntary 

contraction on dynamometer (MVC), fixed pedal with 

108" (108°A) and one maximal revolution of the pedal crank (1 

2 71.6 3 14.9 
3 1 .4 8.8 21.8 74.5 
4 397 1 
5 198.9 5.2 14 102.7 
6 1 1 18.5 48.6 
7 281 24.7 101 
8 318.9 27.8 50.3 
9 401.8 18.9 27.7 1 
10 316.6 35.1 18 52.4 
Mean 230.6 15.8 31.9 56.6 

+ 130.5 ** + 11.2 + 26.3 + 25.7 

AI! values are mean.±. SO 

** - p < 0.01 MVC vs 60"A, 108"A, and 1 

400 

300 

(!) 200 :aE 
~ 

100 

0 
MVC 60 108 1REV 

3.2. Mean IEMG captured MVC, 60" A, 1 08°A and one maximal 

revolution of pedal (1REV). 
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3.3.2 WorklEMG relationship 

Although there were no significant differences MVC and 1REV 

work/EMG relationship, MVC produced 37% more work/EMG than 1 REV 

(Table 

Table Work/lEMG (J.Mv-1
) for both maximal voluntary contraction (MVC) 

one maximal revolution of the crank (1 

2 8.3 1 
3 7.3 
4 1 4 
5 11 13.5 
6 1 9.4 
7 44.3 11 
Mean 20.2 14.7 

+ 8.8 + 1 

All ar.e mean + SO 
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3.3 DISCUSSION 

find of this study wer-e that MVC produced IEMG activity than 

60 0 A and 108°A, which would a higher of motor units firing, or 

recruitment of a greater number of motor units. This could be by first, 

a greater force output in the MVC group. Although force was not in 

60 0 A and 108°A, previous shown thatduring isometric 

contractions the signal is proportional the amount generated 

by the muscle (351). 

Second, MVC involves just the knee jOint whereas and 108°A involves 

hip, and ankle joint. During MVC the subject is tightly into 

the to minimize movement and isolate contraction of the quadriceps 

femoris muscle group. Throughout 60° A and 108° A. twelve superficial 

muscles that represent the 

bicycle are likely to 

movers involved imparting energy to a 

(219). Subsequently, it is possible that .... "' .... ' ....... ", .... of 

the number of involved, they will not all be contracting maximally 

and simultaneously, which in a IEMG recording from the rectus 

f-emoris. Moreover, if this is the reason for the found in this study, 

IEMG may not only a reduced output during 

108"A and '600 A but also a uced force/EMG relationship. Thus, 60"A and 

1 08"A actions could in trade off synergism, which is an attempt to delay 

fatigue by adapting muscle activities so that load can be sustained (466). 

Third, it suggested that during leg activity the rectus femoris 

muscle may act as an antagonist by flexing about the hip jOint therefore 
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redudngits activity in comparison to the (541) A similar 

situaNon could occur with 60° A and 108° A in comparison to MVC. EMG 

activity was the rectus femoris, which could result in reduced 

IEMG activity. However, it has been suggested that there is antagonistic 

activity of the bicep femoris, which will progressively increase to stabilize 

knee force output during extension (29). This being 

case, a reduced activity would also be observed during MVC. 

Interestingly, Alkner (4) showed no variance in I results n""'"AI<;;''''' both 

extension and press and concluded isometric actions performed a 

high ,of flexion about the joint is similar in the multi-joint leg 

and single joint extension. However, in comparison to the leg 

60° A and 1 08° A actions are likely to involve a far greater number synergist 

muscles and subject is 'sitting on a cycle will allow the 

body weight to transfer over to the contracting , which would 

account for the variations for these contractions between 

was a higher IEMG for MVC than 1REV and higher, though not 

significant work/EMG relationship for MVC. in IEMG is 

probably caused by a smaller output 1REV. However, it is surprising 

that 1 did not produce more IEMG, when the action had 

angu~ar velocity. IEMG with increasing angular velocity during 

concentric contractions (7; 154;525). Hunteral. (Unpublished data) recorded 

higher peak IEMG throughout a 30 second Wingate protocol than for a 5 

MVC, which was due to a very high angu~ar velocity 'from pedalling 

De~~as in excess of 1 rpm. Nevertheless, because was insignificantly 

more work/EMG during MVC, it can be assumed that the angular velocity 
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was insignificant. Furthermore, as with 60 0 A achieved during 'I 

108°A, 1REV more muscles, which will inevitably produce a 

work/EMG relationship MVC. 

Finally, was a tendency for IEMGduring 108° A to higher than IEMG· 

for 60° A. Assuming that this was different then it can explained from a 

more efficient knee angle, which allows for a generation of force 

production when the is fixed at 108°. However, as described 

because are so many synergist muscle groups ability to transfer 

the body weight, any efficiency gained from a different knee angle will far 

outweighed by other factors and result in minimal I 

In summary IEMG was significantly greater MVC than 60 0 A 1 due 

to either greater force output in MVC, more muscle involvement in 

60° and 108° causing a decrease force/EMG relationship and flexing of 

hip joint throughout 60° and 108° by the rectus femoris acting as an 

antagonist in a uced IEMG. Second, MVC produced more IEMG 

than 1 REV, however there was no significant 

relationship which could have been .... c.o,."''"'' by 1 

in the work/EMG 

producing less force, 

rO<:l,tor inclusion of synergist muscles and minimal angular velocity. Finally, 

there was a t~.:mdency for IEMG for 108° A to be higher than for 60° A, 

possibly to more efficiency gained from a different 

other factors such as shifting of body and inclusion 

groups In 60° A to compensate for a comparatively inefficient 

the IEMG. 

angle, however, 

synergist muscle 

angle will 
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has shown that will record a higher I than I n conclusion, 

60o A, 108°A and that there no significant difference in 

force/EMG relationship between MVC 

has fewer to affect both IEMG 

investigation is 

reliability 

to investigate 

108°A. This 

1 REV. It would appear MVC 

output However, further 

outputlEMG relationship and 

SUIJDCmS previous findings that MVC 

produces levels of EMG, will be more in 

describing maximal muscle recruitment activity and suggests that MVC can be 

used as a normalisation procedure for dynamic cycling activity. 
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• 

CHAPTER FOUR 

H F OF HOT AND COLD 

ENVIROM NTS ON LECTRICA ACTIVITY 0 

SK MUSC IN ENDURANC 

EXERCISE. 
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4.1 INTRODUCTION 

As in the previous two chapters a repeatable, 

for measuring EMG activity during 

incremental, submaximal cycling to fatigue. 

gain a understanding of neuromuscular recruitment 

effects of different environmental 

we 

res on 

recruitment patterns during submaximal to 

fatigue. is either prolonged by cold 

by hot environments (192). it is 

occurrence is mainly governed by ..... "'.1"-:>t" ..... I. 

studies (516) have indicated an 

involvement. d ;::,vl.l;::';::,CU in section 1.4.2, all 

temperatures on the recruitment patterns -of skeletal 

studied in 

submaximal 

, without the involvernent of other mechanisms 

ue. Therefore studies to determine 

by 

shifts during submaximal 

Accordingly, we examined the 

to exhaustion require 

of hot (35°C) and 

( environments on IEMG and MPFS during 

submaximal, cycling to fatigue. 
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4.1.1 Question 

The questions 

3. What is the 

recruitment patterns 

4.2 METHODS 

4.2.1 

Eight healthy 

recreational sporting 

SO), age, height, 

were, 25.5 .! 

subjects were 

the study. 

Town Medical 

4.2.2 

4.2.2.3 

PPO was 

study 

of both hot cold conditions on 

submaximal fatigue? 

sampling 

this study. All 

or more times 

mass and peak power output 

cm 73.4 .! 11.9 kg and 

Ily active and each signed an informed 

and Ethics Committee of the University 

approved the study. 

as described in chapter 2. 

All 
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4.2.3 Experimental trial 

4.2.3.1 MVC testing 

In the after PPO testing, MVC testing was performed to normalise 

recordings during cycling were determined as described in chapter 2. 

4.2.3.2 Environment and temperature recordings 

Following the MVC, the subjects reported to the heat chamber and inserted a 

rectal thermometer (Mon-a-therm, Mallinckrodt, OH, USA) 10cm beyond their 

anal sphincter. Four surface thermometer (YSI 400, Yellow Springs, OH, 

USA) were then taped to sternum region, left bicep, left thigh and left calf. 

subjects then completed one of the two progressive cycle in an 

environmental chamber (Scientific Technology Corporation, Cape Town, 

South Africa) at an ambient temperature setting of 1 or 35°C, a 

humidity of :!: 0.9 % and a wind velocity of 15 :!: 0.4 km.h-1. 

4.2.3.3 Progressive 

with the preliminary PPO testing, the ergometers were used for the 

endurance testing, the subjects performed same progressive test 

as described in chapter 2. Rating of perceived exertion (RPE) and thermal 

comfort were determined as described by Borg (67) and Bedford (31) 

At 10, 25, 40 minutes and at exhaustion, skin and 

temperatures, heart and thermal comfort were recorded (Figure 
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4.1). The was repeated again with same methods but during a 

different temperature. 

* * * 
~ ~ ~ 

100 

90 

80 

70 

% PPO 60 

50 

40 

30 

20 
-5 0 5 10 15 20 25 

* 

~ 

30 35 40 

(min) 

* 

~ 

45 50 55 60 

* RPE 

EMG 
HR 
TC 

1. Progressive protocol. of perceived -

exertion , rectal temperature skin temperature (TSk) , EMG, heart 

rate (HR) and thermal comfort were all recorded rest, 10, 40 minutes 

and at exhaustion during the ride. 

4.2.3.4 ·testing 

same methodology was applied as described in 

chapter raw signals were processed as described chapter 3. 

activity was sampled at a 1 Hz capture rate for "b-seC()nd bouts. 

Recordings were taken on the second maximal ~sometric trial and during the 

cycling trial at 10, minutes at exhaustion (Figure 1) thus yielding 

a raw signal. MVC "EMG data was recorded t'\o:'tJ"\f"O both ensure 
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similar normal of EMG in both trials. raw data were divided into 5 x 

second epochs. The first epoch included all data collected during the 

MVC and the remaining four epochs included collected on 

the ride 10, 40 and exhaustion. 

The EMG signals were full wave , movement artifact removed using a 

high-pass second order Butterworth filter with a cut off frequency of 15 

then smoothed with a low-pass second order with a off frequency 5 

Hz. This was performed using MAT LAB ™ gait analyses software. This 

integrated data was used for subsequent analyses. 

The spectrum of the frequency for of collected during the 

ride was using the raw EMG by a 

transformation algorithm. The analyses frequency spectrum were 

frequencies of 5-500 due the signal content 

consisting mostly of noise when it is outside of this bandwidth. The frequency 

spectrum from epoch of was compared with that derived from the 

MVC, the amount of spectral compression was estimated. This technique 

was performed as described by Lowery et al. , which is a modification of 

the of Lo Conte and Merletti (329) Merletti and Conte 

spectrum the raw signal of each "Spoch was obtained and normalised 

cumulative power at frequency was calculated for epoch. The shift 

in percentile frequency was then (Le. at 0% ... 50% ... 100% of the 

cumulative). percentile shift was by calculating 

mean shift in all percentile frequencies throughout the mid-frequency range 

5-500 Hz). method has suggested as a more accurate estimate 
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of compression than median freq analyses, which uses single 

value (50th) frequency This change in mean percentile 

frequency (MPFS) data was used for subsequent 

Statistical 

data are expressed as means ± A two-way ANOVA for 

measures was to evaluate statistical significance the 

measured. hoc analyses of the main of were done using a 

test. Single comparisons between temperatures were analysed with 

a paired Students two-tailed values of P. Significance was 

at P < 0.05. 
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4.3 RESULTS 

4.3.1 Performance 

There were no significantdifferences for maximum force output 

(PWATT) and exhaustion (TIME) (HOT) than 

15 ride 4.1). 

4.1. Peak watts (PWATT) coinciding with volitional exhaustion: time 

to reach exhaustion (TiME) during 15 and 35 

(min) + 16.7 54.5 + 17.1 

All are mean ± SO 
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4.3.2 Skin temperature 

All skin temperature taken throughout cycle were significantly 

higher for HOT than (P < 0.01) (Table 4.2, 4.2 a-d). Calf skin 

from 40 min to exhaustion in both groups (P < 0.01) (F: 

group - time - 89, interaction - 25.34) (Figure d). 

Table . Skin (OC) was taken from the sternum, bicep, thigh and 

calf region and captured at 10, 40 mins exhaustion during 

cycle during and 

Cold Hot Cold Hot Cold Hot Cold Hot 

+ -

10 min + + - -
1.5 ** 0.9 1.3 ** 0.9 

25 min + 24.2 + + -
** 1.7 + 0.84 1.8 ** 1.1 0.5 ** 

40 min 24.1 ± 32.9 + 33.27 + + 1 + + -
2.5 ** 1.8 + 4 ** + 0.7 1 ** 0.9 2.8 ** 

+ + 21.03 33.8 + 25 + + + + - - - -
3.1 ** 1.5 + 3.7** 1.14 ** 0.7 1.1 ** 

-~~--... 

All are mean + SO 

** - P < 0.01 COLD vs HOT for all 
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sternum 

Time (min) 

mid-thigh 
40 

;- , ;-- -, ,...----, 

30 

20 

Time (min) 

Figure 4.2. Skin 

(c) 

(a) 

_r:-Hot 

.... Cold 

..; Hot 
.... Cold 

40 

30 

20 

(b) 
40 

Time (min) 

calf (d) 

~ -Hot 
.... Cold 

Time (min) 

values wer.e tak.enfrom the (a) sternum, (b) 

bicep, (c) mid-thigh and (d) calf regions at 10, 25,40 mins and 

exhaustion during the -cycle ride <.:luring 1 (COLD) and (HOT). (** - P 

< 0.01) 

4.3.3 temperature 

Rectal t.emperatures creas€ld -similarly in both during the trial (P < 

0.05) (Table 4.3, Figure 4.3). Although there was a tendency for rectal 

to throughout HOT thls 

significant. 
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Table 3 Rectal temperature (OC) captured at 10, 40 rnins and at 

exhaustion during the cycle during COLD and HOT. 

10rnins 

25mins 

40mins 

Exhaustion 

All values are mean ± 

P < 0.05 increase over 

40 

39 

+ 1 

+ 1.1 

37.1 + 1 

37.3 + 1 

for both groups 

Time (mins) 

+ 0.4 

37.6 + 0.9 

+ -

38.1 + 0 

-:.f- Hot 
* -lll-Coid 

Figure 4.3. Rectal temperature values captured at rest, 10, 40 rnins 

exhaustion during the during 1 (COLD) and (HOT) (* - P < 

increase over time for both groups). 
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4.3.4 Heart 

Heart rate values were higher in (group main effect P < 0.05). rate 

in both groups increased similarly over time (time effect P < 0.05) 

4.4 4.4). 

. Heart (b.min-1
) captured 10, 40 mins 

exhaustion during the 

10 

40 

Exhaustion 

All are mean + SO 

ride ,-,~ '''_LJ and HOT. 

102.9 + 11 

~ + 1 

150,4::!:: 12.1 

172.62 + 9.1 

1 1 + 

1 1 + 8.6 

158,4 + 

1 8.6 

P < 0.05 values COLD vs HOT (between groups and over time) 
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-0-- HOT 
200 

-tll-COLD 
180 

160 

.! _ 140 . 
('II ... 120 ..... 
"-
('II 100 
Q.I 

::J: 
80 '* 
60 

40 

20 
-10 0 10 20 30 40 50 60 

Time (mins) 

Figure 4.4. Heart rate values at 10, 40 and exhaustion 

during the cycle during 15°C (HOT) (* P < 0.05 

differences between and over 

4.3.5IEMG 

IEMG measured throughout cycle and normalised as a of 

MVC (P < 0.01) during ride both and HOT (Table 

Figure Although there was a tendency for to higher in HOT vs 

COLD, was not significant. 
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Table IEMG (%) captured rest,10, ,40 and exhaustion during 

the cycle ride during and HOT. 

7.3 + 4.3 7.4 

40 + 5.6 18.2 + 14.8 

Exhaustion 12 + 8.4 20.7 ± 15.8 

All values are mean ± 

P < 0.01 increase over time for both groups 

40 

-u ....... Hot 
30 

-ll-Cold 
(!)-
~ 20 
!:!:! 

10 

0 
-0 

Time (mins) 

4.5. Mean amplitude (IEMG) captured 10,25, 40 mins and 

exhaustion during the cycle ride have been normalised as a percentage of 

Maximal voluntary contraction (MVC) for both 1S·C (COLD) and 35·C (HOT) 

(* - p < 0.01 over time for both groups). 

148 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4.3.6 MPFS 

were no in MPFS """T'AlQ<"n groups or over time. 

4.6. Figure 4.6). 

4.6. MPFS (%) at rest, 10, 40 mins exhaustion 

the ride during COLD and HOT 

0.92 +0.28 

40 0.95 + 0.99 + 0.21 

0.94 + + 0.12 

All values are mean:,: SO 

1.4 -;l- Hot 

-III- Cold 
1.2 

0.8 

0.6 

0.44-----,---..---....,....-----.---,----, 
o 10 20 30 40 50 60 

(mins) 

Figure 4.6. Normalised EMG mean power spectrum (MPFS) data 

values for both 1 (COLD) anti 35°C (HOT). 
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RPE 

RPE for HOT and signifjcantly during ride (P < 0.01) 

(Table 4.7. ure 4.7). There were no significant differences for between 

groups. The for HOT at 10 minutes (12.2 ::t 8.6) tended to higher 

COLD + 1.2) although this was not significant. 

Table 4.7 (units) captured 10, 

cycle ride during COLD and HOT. 

40 

All are mean + SO 

P < 0.01 over 

11 + 1 

1 + 1.9 

16.7::t 1 

for both groups. 

mins and exhaustion during the 

12.4 + 

15.2 ::t1.9 

1 
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Time (mins) 

Rating of perceived exertion captured 10, 25, 40 

and exhaustion during the cycle. during 15°C (COLD) and (HOT) (* -

P < 0.01 over time). 

4.3.8 Thermal comfort 

Thermal comfort was significantly for HOT throughout ride (P < 

0.01) group - 52. time - 19.4, interaction - (Table 4. 4.8). 

The for thermal HOT and GOLD n"","'An-",:. as the 

{Figure 8} with the interaction due to the relative 

in thermal comfort ratings during COLD. For example, the start of the ride 

difference was 67%, and this rlt:l<,l"n:, to 30% end the ride. 
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4.8 Thermal comfort (units) captured at 1 40 mins and 

exhaustion during the cycle ride during COLD and HOT. 

10 2.2 ± 0.7 ** + 0.7 

3.2+1.1** 5.7 

40 3.9 ± 0.8 ** 6.2 + 0.7 

Exhaustion 4.4 + 1 ** 6.3 ± 0.7 

All are mean ± 

** - P < 0.01 COLD vs interaction between groups and over time 

7.5 ** ** ** ** ** 

- ---::- Hot .... 
.E -III- Cold E 5.0 
0 Ol 
(,,),5 
- -I'G I'G E .... .... 2.5 CI) 
..c:: 
I-

Time (mins) 

Figure 4.8. Thermal comfort values captured at rest, 10,25,40 mins and 

exhaustion during the cycle during 15°C (COLD) and (HOT) (** - p 

< 0.01). 
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4.4 DISCUSSION 

Previous stud of in hot environments have shown an earlier onset 

of fatigue. It is . that this premature fatigue is caused by a reduced 

output from thermoregulatory mechanisms, which will limit the quantity 

of oxygen to the working muscles (441). In our study however, no 

in performance were seen, possibly because of effective thermoregulation 

mechanisms. The lack of fatigue in the HOT group data the 

successful involvement of thermoregulatory mechanisms, which is 

indicated by a significant in skin temperature and a higher heart rate 

and similar temperature values in the HOT group. results 

that the in skin temperature is as a result of increased skin 

blood flow (400). which is by a reduction in cardiac return in an 

attempt to move more blood to the periphery to transfer heat out of the body 

by conduction from increase in rate (206;400). As a of 

reduced cardiac return stroke volume (443), therefore to 

the heart (206), which is shown in this 

study. Th is hea rt could partly to both central stimuli from 

the brain and peripheral mechanoreceptors situated in tendon or its active 

heat is effectively muscle (116;354). it would appear that 

being conducted .out of body, core temperature in our study was controiled 

without compromising performance from an elevation in heart rate. Also, pre-

cooling the group would have caused lower skin blood flow and 

increased venous tone. This would have resulted in increased venous return 

lower heart rate (442). 
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evidence for an thermoregulatory mechanism from 

the subjects' perception data. Although not significant there is a higher RPE 

value for the HOT group during the first 10 minutes and no 

thereafter. This could as a result of delayed thermoregulatory 

which takes more than 10 minutes to come into after which the 

signals relay a similar for both HOT and COLD groups. Maw et (350) 

showed higher scores in subjects in the heat (40°C) 

comparison to the cold (BOC). Furthermore, Gonzalez-Alonso et aL (206) 

showed that exhaustion during moderate exercise occurred at the same high 

level of I body temperature and However, thermal comfort values 

were significantly greater in HOT, which could result in circulatory, thermal 

muscular discomfort, which would counteract motivation and gradually 

reduce the drive to (80). However, this being case a reduced 

MPFS and performance would 

this study even though the 

is likely that effective thermoregulation 

in this study. The refor-e, 

in thermal comfort, it 

in similar values. 

The second reason for no significant in performance could 

because: i) The ramp protocol used meant subjects were only working 

70% of in the laUer 15 minutes, after which the load increased to 

15 W.min-1 to exhaustion thereafter (Figure 4.1). Therefore, it 

could be argued that the time spent at a high intensity during protocol was 

too short for any significant changes in core temperature and consequently 

performance; ii) A cycling as opposed to a running protocol was used in this 

study. Runners will operate at a higher rate than cyclists at any given 

(239) because runners use larger muscle groups than cyclists and unlike 

1 
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cyclists have to support their own body weight. In support of this it has been 

shown that during hot humid conditions. runners with a smaller body mass 

produce and store heat than their counterparts at the same 

running and can therefore run or further reaching a 

limiting rectal temperature (342). it is logical to assume that core 

temperature will rise and higher during submaximal in runners 

than cyclists; iii) The environmental temperature 35°C may not have 

hot enough. as previous studies have shown reduced performance in cyclists 

at temperatures of 40°C (206;413); iv) Finally, the environmental humidity of 

50% may not have high enough. Nielson (399) showed that a 

of 35°C. the humidity to be 60% a reduction 

performance can be expected. 

Consequently. because core temperature remained unchanged. possibly from 

an thermoregulation or from low in both 

conditions (400-402) the command to the CNS from the periphery 

resulted in similar neural recruitment from CNS to 

working in both groups. was shown by no significant 

in EMG recordings between groups. First. was no significant change in 

IEMG groups. although was a slight in IEMG for the 

HOT grouP. which a tendency for eTT'::''-c,nT command changes to 

recruit more muscle fibers to for a possible decline in cardiac 

output. The in peripheral temperature may "confuse" the afferent 

input and central nervous system. which ncr ..... '" the same work 

more difficult. thus recruits more fibres for the same work 

group. 

in the HOT 

as 
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I there were no changes in MPFS, which indicates that there were no 

reductions in central drive in HOT or COLD group. land-Ritchie (42) 

concluded that conduction velocity slows down when the muscle is cooled 

in lower MPFS, conversely by heating the muscle the conduction 

velocity increased causing an increase in MPFS. However, this was found in 

an in vitro study has not been confirmed in an human model, 

which will involve other variables such as changes in intramuscular pressure, 

haemodynamics and resulting metabolite accumulation. Also, the highly 

significant differences in skin temperature in COLD and HOT trials are not 

necessarily ron,roc~"" of the'muscle temperature. were no 

differences in core temperature, that thermoregulatory 

mechanisms were keeping the working musculature at optimal temperature. 

Accordingly, was no difference between groups in 

suggests that muscle temperature did not increase sufficiently in the HOT 

group conduction velocity. Furthermore, the effect of pre cooling in 

the COLD group could soon be lost by the time the subject commenced 

cycling and circulated blood the working musculature, resulting in 

minimal in conduction velocity and MPFS from pre ,cooling. 

findings ind that changes and increased thermal 

comfort do not result in efferent neural command changes. 

Finally, there was a sudden increase in skin temperature in the calf the 

COLD group exhaustion. suggests that because the 'final large 

power output at exhaustion, will inevitably an nCI':PPI,Sr' in blood flow 

to the working muscle with Il,;U:::d!:it:U blood vo~ume to the vascular beds 

1 
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(441). These changes may cause a rapid in temperature to the 

in the COLD group. The group did not show the same increase 

exhaustion as COLD, probably because the skin had almost reached 

maximal temperature in these conditions. The final skin temperature in HOT 

was 36.3° C and to our knowledge no study has exercising subjects 

in hot environments with skin temperatures greater approximately C. 

This seen only in the calf exhaustion would also be 

expected in the thigh as it is the main assisting contracting muscle group to 

force for cycling. However, musculature of thigh region is 

much than the calf, which may result in a period of before 

the skin temperature rises blood volume has increased. 

In conclusion, this and other indicate a number of that 

will affect under and cold conditions. However, this the 

HOT protocol caused changes skin temperature and heart but not in 

temperature. EMG was not altered in the presence elevated skin 

temperature thermal comfort. was same for both HOT and 

COLD, suggesting that peripheral mechanisms and/or low heat storage 

resulted in unchanged central driv.e. Therefore, it that during HOT, 

peripheral thermoregulation mechanisms control core temperature, 

resulting in an unchanged neuromuscular recruitment strategy. Further work is 

at::>ruoon to assess changes in core temperature as opposed tD peripheral 

temperature changes or neural recruitment changes during uing activity. 
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, CHAPTER FIVE 

THE'EFFECT OF ELECTIVE B1 .. BLOCKADE ON 

EMG IGNAL 

CHARACTERISTICS DURING PROGRESSIV 

NDURANC EXERCIS 
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5.1 INTRODUCTION 

Chapter four showed similar neural recruitment ""'1''1'.0. .. ,.., .. ,, for submaximal 

environments. This cycling exercise to ue during both hot and 

was attributed to thermoregulatory of the body in 

with <=> vl~r<=>,'YI<=> To more about neural 

involvement in submaximal exercise to fatigue we decided to investigate 

of (/,-blocker . (/,-blocker ingestion will reduce exercise 

endurance performance (500), the exact cause of this reduction remains 

unclear, however, appear to some involvement from 

(1 (see section 1 our knowledge two studies have 

investigated the of l1-blocker ingestion on signal during 

(136;492). In study by Derman (136) MPFS were not determined 

in the study by al. (492), although MPFS were calculated it was 

so by using an initial cycling work epoch Wand normalising all 

data it. our Chapter 3 

that MVC wou Id a more effective method for normalising MPFS data. 

Accordingly, we examined the effects of acebutolol, a selective 111-blocker 

with intrinsic sympathetic on muscle IEMG and 

aMVC incremental, cycling rides to 
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5.1.1 Question 

The question addressed by this study is: 

What is the effect of f1-blocker ingestion on neuromuscular recruitment 

patterns during submaximal fatigue? 

5.2 METHODS 

5.2.1 Subject selection and sampling 

Ten healthy males volunteered for the study, who were physically active on a 

regular basis. Three subjects were unable to complete due to adverse effects 

such as headaches, dizziness and nausea whilst ingesting beta blockade. The 

mean age of the remaining subjects was 26.1 ~ 2.1 years, height 181 ~ 9 cm, 

weight 78.6 ~ 9.7 kg and percent body fat 14.8 ~ 2.7%. The mean lean thigh 

volume (LTV) was -6492 ~ 928cc. All subjects were well informed about 

possible risks associated with the experiment and gave their informed consent 

before participation. 

5.2.2 Preliminary testing 

5.2.2.1 PPO testing 

PPO was determined as described in chapter 2. 

ltiO 
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5.2.2.2 Anthropometry 

LTV body fat was as described in chapter 2. 

5.2.3 Experimental trial 

5.2.3.1 

Following progressive the subjects' 

one of the two phases of the trial in a random order. 

one with a 10 day out in between 

.... ,...","'1-,...1"1 acebutolol 

trials took place over 

Subjects were 

instructed to consume two 200 nQTlI\IQc.~n 0700 and 0900 h 

breakfast a period of seven 

5.2.3.2 sampling 

On the of each subjects were to report 

laboratory. An 18-guage cannu~a (Jelco, Johnson and Johnson, 

Halfway South Africa) was positioned in an antecubital vein and 

a three way (Uniflex, Mallinckrodt, Hennef-Seig, 

Germany). This cannula was flushed periodically with ml of 

containing heparin (5 IU mr') and was used for the collection of venous blood 

(10 ml) at rest and during exercise. Venous blood samples (10 ml) 

were at rest, at of,each 15 min work rate and at exhaustion. 

were then into aliquots, were put an 

tube containing potassium UA<~U:11le: and 'sodium fluoride for later 
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concentrations. The tubes were centrifuged at 3000-x g for 10 

4 immediately after the completion of the trial and 

were stored at -20°C for later analyses of 

laCla{€ concentrations were with 

35, Beckman Instruments Inc., 

enzymatic assays (Lactate PAP, SiaM 

Boehringer Manheim, Germany). 

MVC testing 

MVC testing was determined as described in 

5.2.3.4 Progressive exercise test 

Following MVC testing, the subjects then 

testing as described in chapter 4. During 

cardiovascular fatigue 

final 5 minutes of each 15 min 

work rate and at exhaustion, 

connected to an Oxycon Alpha 

Netherlands). 

Rudolp 31 

gas 

calculated one 

dioxide production 

average of the 

Heart was rQf"',nrrt.Q/'"'I 

wore and breathed through a mask 

analyser (Mijnhardt, 

was calibrated with a Hans 

USA) room air and a 5% C02: 95% 

roces~:;ea by a computer, which 

consumption (V02) and carbon 

breath. V02 peak values 

over 60 s in the final work 

and then recorded along with rating of 
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(RPE) (67) at 10, 40 minutes and exhaustion 

1 ). 

* * * * 

~ ~ ~ ~ 
100 

90 / 80 
*R 

70 
EMG 

% tiO HR 
50 V02 

40 

30 

20 
0 5 1{) 15 20 25 30 35 4Q 45 50 55 60 

(min) 

Figure 5.1. Progressive cycle protocol. Rate of perceived 

exertion (RPE), electromyography rate (HR) and V02 were all 

recorded at 10,25,40 minutes and exhaustion during the ride. 

5.2.3.5 EMG testing 

EMG methodology, signal processing was as in 

chapter 4. 

5.2.4 Statistical analyses 

A two-way ANOVA for repeated measures was used 

significance of all variables measured. A Scheffe's post was used 

to over time. Single comparisons r",;;;nC>M<;;;.= 
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analysed with a Students using values 

Significance was accepted P < 0.05. All are eXIJre:SSE!O as means + 

SO. 
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5.4 RESULTS 

Performance 

Significantly lower (P < 0.05) during the ride were found in BETA 

compared to for maximum power output (PWATT) < 0.01) and to 

exhaustion (TIME) in BETA (Table 1). 

1. Peak watts (PWA TT) (W) reached the point cycling exhaustion 

and time taken to exhaustion (TIME) (min) for both control (CON) 

subjects who have !1-blocker (BETA). 

+ 23.2 * 

All values are mean + SD 

** - P < 0.01 PWATT CON vs BETA 

* - P < 0.05 TIME CON vs BETA 

Hearl 

40.33 + 23.7 

significantly < 0.05) as a group 5.2, 

for BETA in comparison CON and groups responded similarly 

over Mean for the ride was 111.5 + 30.0 b.min-1 for 

135.5 + b.min-1 for CON. 
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Table rt 10, and exhaustion 

10 

25 

40 

EXH 

All are 

- P < CON vs 

200 

180 

160 

140 
.!-
n:J ";- 120 ... s::: 

1::: 'E 100 
n:J • 

~ e 80 

60 

40 

20 

for BETA and CON. 

114.0 + 1'6.7 97.0 + 6.2 * 

138.4 +16.2 11 * 

161.8 +13.3 1 * 

180.0 +9.6 1 * 

+ 

-a-CON 
---BETA 

* 

O+---.----r--~---.--~r_--.___. 
-10 o 10 20 30 40 50 60 

Time (min) 

Figure 5.2. Heart rate values 10, ,40 mins and 

-during the cycle ride for the group and the control 

(CON) (* - P < 0.05 group 
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Submaximal 

In BETA the 

submaximal 

heart rate was accompanied by a trend for lower 

with both groups increasing significantly over (P 

< 0.05) 5.3). Mean submaximal V02 values for duration 

for the ride were + 8.3 mLkg-1 and 38.1 + 

mLkg-1.min-1 CON. 

Table 3 

BETA 

(ml.kg-1.min-1
) captured 10, 

during the cycle 

25 

40 

EXH 

All are mean ± SD 

36.3 + 3 

43.6 + 

47.1 + 

P < 0.05 increase for both g over time 

40 mins and 

31.3 + 

33.1 + 9 

42.0 + 1 

ride 
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75 

... 
. :: 50 
E 

N ..... 
O· 
> ~ 

E 
-25 

o 

Figure 5. V02 

f3.-blocker group 

(* - p < 0.05 

10 

-o--CON 
---BETA 

* 

20 30 40 50 60 

Time {mins) 

ca ptured at 1 0, 40 mins and exhaustion ride for 

and the control group (CON) during the cycle 

for both groups -over time). 
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5.4.4 

RPE was significantly greater for than CON (P < 0.01) (Table 5.4, 

mean RPE total ride were 1 + 3 

Table 5.4 ng of perceived (units) captured 10, 

exhaustion BETA and CON during the cycle 

25 

40 

EXH 

are mean:!:. 

*- P < 0.01 CON vs 

21 

16 

11 

12.0 + 0.70 

15.0 + 1.64 

19.0 + 

* 

6+---~---'r---'----'----'---, 
o 10 20 30 40 50 60 

14.0 + 0 

17.D + 1 

1 

---BETA 

-o-CON 

BETA 

40 mins and 

Rating values at 10, 25, 40 mins 

€xhaustion ride for 

(CON) during the cycle 

B-blocker group (BETA) 

(* P< 0.01 main effect). 

the control group 
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5.4.5IEMG 

IEMG values showed a trend to increase in BETA in comparison to CON 

during the ride. The BETA group also showed a large standard deviation for 

IEMG data at exhaustion (Table 5.5, Figure 5.5). The mean IEMG for the total 

ride was 56.9 + 25.4 % for BETA and 29.4 + 4.0 % for CON. - -

-.-
Table 5.5. IEMG (%) captured at 10, 25, 40 mins and exhaustion during the 

cycle ride have been normalised as a percentage of Maximal voluntary 

contraction (MVC) for both CON and BETA. 

10 

25 

40 

EXH 

All values are mean ± SO 

(!)-

3.o°
l 

200~ 

a5 ~ 1.0.0 

.0 

CON 

5.2 + 3.2 

10.3 + 10.3 

8.7 + 4.9 

10.5 + 9.2 

BETA 

4.6 + 1.4 

6.8 + 1.3 

11.8 + 5.6 

13.9 + 1.9 

---BETA 
-o-CON 

-1DD~-.-----.------.-----.-----.---
2.0 3D 4.0 5.0 

Time (mins) 

Figure 5.5. Mean IEMG values a normalised as a % of MVC for both BETA 

and CONTROL, taken at 10,25,40 min and exhaustion. 
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5.4.6 MPFS 

There was a (P < 0.05) shift to the upper 

as a group with a mean 1.15 + 0.03 in comparison to a shift 

portion 

ride 

an average of 0.78 ± 0 for 

Table . MPFS was calculated by taking frequency values at 10, 40 

mins and throughout the cycle ride and dividing them by MVC 

frequency values for both CON and BETA. 

1 

25 

40 

Exhaustion 

All values are mean + 

* - P < 0.05 CON vs 

0.88 + 0.15 

± 0.15 

+ 0.1 

1.13 + 0.32* 

1.13 + 0.32* 

1.19 ± 0.3* 
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2.00 

1.75 

1.50 

1.25 

1.00 

0.75 

O. 

Time (mins) 

5.6. Mean power 

MVC for both 

exhaustion. (* - P < 0.05 

-BETA 

-o-CON 

* 

spectrum (MPFS) values normalised 

CON, at 10, 25, 40 
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5.4.7 Lactate 

Lactate concentrations were for BETA in comparison to CON 

(7.1 ± 4.1 mmol.l-1 mmoLr1 CON) exhaustion (Table 5.7, 

Figure 5.7) < 0.01) time- interaction - 5.74). 

Table 5.7. ) (LACTATE REST), 15 

minutes during 1 exhaustion (LACTATE in 

both CON and 

LACTATE 15 1.91 + 0.8 

LACTATE 11 + 7.1 +4.1 

All values are mean + SO 

** - P < 0.01 CON vs over and interaction 

20 
r::::=:J BETA 

** CON 

samples taken at rest, at 15 minutes during 

in both CON and BETA groups. (** - P < 0.01 CON vs 
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5.5 DISCUSSION 

The this study indicate that B-blockade significantly affects 

neuromuscular recruitment activity during submaximal Maximal 

exercise capacity was by ingestion selective B-1 blockade, as 

reported by most investigators (136; 1 

224;261 ;280;306;416;420;491 ;498; 1 1). The impaired maximal exercise 

capacity may heart rate and V02 as is shown in this study. It is atso 

well documented that an increased perception effort will exercise 

performance in healthy individuals who have ingested B-blocker 1), 

which is shown in this study by an for ltis been 

rooose~a that this increase in perception of effort results from an inability of 

healthy individ to compensate for the in heart rate increasing 

"""""IVO volume as it is has maximised as an adaptation 

training (243). in may related to neuromuscular 

recru itment d ITT"" .. or,,..,.,,,, as shown in study. 

firstly showed similar results to Derman al. (136). where 

tended to in subjects who ingested "(1..:blockade. This could be 

a central mechanism projecting neural output due to the reduced 

maximal capacity. Moritani Yoshitake (382) showed a linear 

n""I'.c.~<:1·O:::> for IEMGN02 in normal subjects. However the group had a 

nificantly lower V02, yet IEMG was hig This would indicate that there is 

a higher neural input to compensate for the reduced V02. Another possibility is 

that there was a higher recruitment of non-fatigued muscle fibres (1 I when 

subjects were on B-blocker. 
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The large standard deviations for force output IEMG activity 

group show that subjects are more vulnerable reduced 

exercise when B-blockade. This finding is supported by 

(136) who showed that the subjects' 

were equally affected following the ingestion B-blockade. 

was a significant to the upper portion of in which 

indicates an increase firing rate to recruit more motor units in response 

to the reduced capacity (230;300;383;422). This shift towards 

portion of,MPFS could have by an in MFCV (42) 

from an regulation in command This in central 

command mayan attempt to more type II muscle fibers as 

will cause impairment of I fibers during cycling (279), 

resulting in a greater use of II fibers which a lower threshold. 

Furthermore, this is supported by Kupaet al. (307), who showed that 

the proportion type II muscle would result in a shift to the 

upper end spectrum. isdue to II fibers having a g 

maximum rate of repolarization and depolarisation compared to I fibers 

and produce an potential has a lesser (307). 

Action potentials that have a duration, contribute high 

components to the spectrum 

{307). increased use of type II 

threshold may also been a 

produce a value of 

which have a lower fatigue 

in the termination of in 
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However, it is difference in MPFS could be from muscle 

.nn'::;>CT.<:>n that the decline in MPFS is as a result 

of causing a lowering of pH (275) and a 

consequent 1 ,383). In this study, lactate 

concentrations were for which does suggest a 

possible cause for the in MPFS. Conversely, it has also been 

shown in McArdle's d .:><CiC,"'''' 

absence of any lactate and M 

other than increasing 

MPFS could also be from an 

reduced cardiovascular capacity will 

sustain thesame given workload as 

by heating a muscle it would 

produce a shift to the upper portion 

that MPFS declined during MVC, in the 

suggesting that factors 

MFCV (325). The change in 

in as the 

amount of effort to 

showed that 

and therefore 

lactate concentrations were lower in group , which 

rU"~rT,,",Ul by some investigators (17;277). However, other stud show 

conflicting results (243). In our study, BETA subjects fatig power 

outputs, which will inevitably cause a decrease in absolute 

r.-educed lactate may be caused simply by reduced cycling intensity 

at fatigue. However, if as previously mentioned, type II fibers are 

recruited in the 

BETA group. 

group, higher lactate values would 

In 

limit 

this study supports earlier studies that 

Furthermore, this study 

in 

loclKaCle will 

shown that 

1 
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subjects who have B-blockers have altered 'frequency 

spectrum, which could result from a change in the neuromuscu recruitment 

strategy in an attempt more power to for the 

reduction in .nv."' ..... 
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CHAPTER SIX 

CAFF IN ALTERS N ITHER PACING 

STRATEGI NOR PERFORMANCE DURIN A 

100 KM CYCLING TIME .. TRIAL ERFORMANCE 
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6.1 INTRODUCTION 

During chapters four five we examined the mechanisms of fatigue 

submaximal using open loop cycle protocols. The merits and 

shortcomings of such a protocol were in section 1 16. 

to obtain a clearer picture the mechanisms of submaximal fatigue, we 

decided to use a closed loop protocol section 1 15) to induce 

submaximal fatigue a different condition to chapters four and 

As we examined fatigue perturbations the previous two chapters, the next 

would be to determine the role 

submaximal induced fatigue 

neural mechanisms during 

ingestion of a stimulant. The 

stimulant we decided to use was caffeine, which has shown to have a 

substantial ergogenic effect during submaximal open loop protocols 

(41 section 1.4.4, 1.2). 

our knowledge, very few studies have evaluated the of caffeine 

ingestion on performance during a laboratory trial in which endpoint is 

predetermined. It known that variability is substantially in 

this form of closed loop trial compared to an open loop trial (458). However 

the ·effect in the open-ended trials that have reported 

(141) precluded possibility that a positive finding might resulted 

from the insensitivity that experimental method. However, an 

ergogenic 'Caffeine has also found in runners (301 ;527) who 

completed closed performance time-tria!s in which a was 

completed in a faster time after caffeine ingestion. durations of 

1 
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trials were relatively brief lasting from 4 minutes (527) (301). However 

are good reasons that the effects of caffeine-ingestion should also be 

investigated during in which the endpoint is pr:edetermined and the 

duration of is more prolonged, for hours rather than 

minutes. First, the majority of recreational for whom about 

caffeine-ingestion is provided by scientists, probably compete in long 

running and cycling events, including marathons and triathlons that 

hours rather than minutes. , the effects of caffeine could 

conceivably differ depend~ng not only on the type of undertaken 

(closed vs open trials) but on duration. Third, the method ·of action of 

could conceivably different under different circumstances. For 

example, it would unlikely that a glycogen sparing would explain any 

ergogenic of caffeine during short durations whereas that 

could be important during more prolonged exercise, lasting some hours. 

Accordingly this study, we .evaluated the effects of caffeine ingestion on 

performance during a 100 km -cycling time trial, which included bouts 

sprinting activity, a model previously to study the of carbohydrate 

(83). In addition, performance in this model appears to a measure of 

central neural which falls during exercise (285;481). Thus a 

subconscious pacing strategy may determine performance during such 

-exercise and of stimulatory drugs like caffeine on this mental 

function. 
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6.1.1 Question 

question res~sea by this 

What is effect of ingestion on 100 km cycling performance, pacing 

strategy and the neuromuscular recruitment pattern? 

6.2 METHODS 

Subject selection and sampling 

Fifteen competitive, endurance-trained male cyclists volunteered for study, with 

completing full trial. of original fifteen were 

two they were unable to achieve required cycling speed and five 

experienced difficulty in because of the dietry required of them. At 

the time of the study, the tria lists were cycling between 200-500 km.wk-1 and 

completed at one local, , annual 104 km Road Race under 3 hours 

during 2 Subjects were well trained and accustomed to 

prolonged periods h). mean age of the 8 subjects who 

completed the trial were 23.5 + 6.7 weight 66.S + kg, body 10.6 ± 3.5 

V02MAX 64.6 ± 7.9 rnl.kg-1.min-1 and + 61 W. All subjects were fully 

informed of the of investigation, which was to evaluate. effects of 

caffeine or carbohydrate on cycling performance, after which they gave 

written informed consent. The study was by the and 

Committee the Faculty of Health within University Cape Town. 
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Preliminary testing 

determine Peak Power Output (PPO), the modified protocol as described 

by Hawley and Noakes (240) was used. Subjects performed a 10-minute 

warm up on the Kingcycle. starting power output was determined by 

multiplying body weight by W. The was subsequently 

every minute at a rate of 1 W.kg-1 BW.150 S·1. subject was 

required to match a continuously increasing power output displayed in 

analogue form on the computer monitor. test was terminated 

subject to match the power. The highest mean power output 

achieved during any 60 s period was recorded as subject's 

PPO was subsequently into a predicted VOZMAX using the 

foUowing equation as by 

V02MAX (I.min-1) ::: 0.011 PPO (W) + 0.08 1 

::: 0.15, r::: 0.98) 

6.2.2.1 Kingcyc/e ergometry system 

al. (288). 

All testing was conducted on a Kingcycle ergometry ""'T<;;I,fTI (Kingcycle Ltd, High 

Wycombe, U.K.), which allows cyclists to ride on their own racing bicycles in 

laboratory. After the front wheel was removed, the subject's bicycle was attached to 

the ergometry system by front fork and supported by an adjustable piUar under 

the bottom bracket. The bottom brack€t support was to position the rolling 

resistance of the rear wheel correctly on an air-braked flywheel. A photo-optic sensor 

monitored the velocity of the flywheel in revolutions per second (RPS), from which an 

1 
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IBM-compatible computer calculated the power output (W) would be generated 

by a cyclist riding at that ""IJ<;_~U on a level terrain, using following equation: 

W== 0.0001 + 1 

The Kingcycle was before both the nf'r&:>rn,&:>nir!:l to exhaustion 

time-trials. For the calibration, subjects were to to a workload of 

-200 Wand immediately stop pedalling as soon as they reached 

desired workload, 

support was 

remaining seated their riding position. The bottom bracket 

until the computer indicated that the slowing the 

flywheel 

a laboratory 

system has 

±0.5% 

6.2.2.2 

After 

trial 

of the PPO I to the 

During lhefirst visit, SU[lleClS familiarized 

for 

and 1 

on 

with the 

equipment and laboratory conditions, they completed a 100-

km trial (TT) <luring which ingested their own fluid 

solutions "ad libitum", All other conditions were identical that 

SU[lleCIS were also not given nor were they forced to drink regular 

nTgr""".", during the familiarization 

183 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6.2.3 Experimental procedure 

6.2.3.1 Conditions 

For each subject, the 3 TT's were conducted at the same time of day in the 

environmental chamber (Scientific Technology Corporation, Cape Town, 

South Africa) at an ambient temperature of 2rC, a relative humidity (Rh) of 

50:!:: 0.9% and a wind velocity (v) of 15 :!:: 0.4 km.h-1. The trials were 

randomised and subjects were blinded to the nature of each trial. The subjects 

were requested to perform the same type of training for the duration of the trial 

and to refrain from heavy physical exercise on the day before a TT. Subjects 

completed a nutritional information sheet on which they recorded their food 

and fluid intake for three days preceding the TT. Subjects were instructed to 

avoid any caffeine containing products for 48 hours before each time trial. 

They were specifically asked to abstain from all the obvious sources of 

caffeine including, coffee, tea, cola drinks, chocolate and over the counter 

caffeine containing pharmaceuticals. They were requested to report any 

deviations from these instructions. The day prior to the trial the subjects 

followed a prescribed diet, which consisted of 5 g.kg-1 of carbohydrate and 1.3 

g.kg-1 protein {60% and 17% respectively). They were instructed to repeat the 

same dietary regimen before each subsequent trial. 

In addition, before each experiment, subjects were issued with a standardised 

breakfast consisting of 3D g of cornflakes and 150 ml of 2% fat milk, which 

was consumed three hours prior to -commencing the TT. Only subJects who 
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followed the standardised dietary and training protocol were 

with the study. 

MVC testing 

recordings cycling it was to perform 

MVC as described in chapter 2. 

6.2.3.3 EMG testing 

Prior to maximal isometric strength on Kin-Com isokinetic 

dynamometer, the same EMG methodology signal processing was used 

as described in chapter 4. was 

TT which was normalised against 

captured at 5 second bouts during MVC, 

midway into each sprint on the 

captured during MVC. EMG was 

during the TT 4 successive 

contractions were selected to 

lec[ea their own cadence. Four 

cycle contractions were 

bursts of EMG activity 

standardise measurement 

bursts of 

collected 

and 99.5 km) and 

raw 

1 

4 km 

each n. All EMG data were 

midway during 

MVC performed 

sprint in 

therefore )(nrpo::::~~pr1 as a 

(1 

km, 

km, 52.5 km. 72.5 km 

km, 62 km and 82 km) during 

by dividing the value obtained 

EMG value obtained during the 

TT. IEMG and MPFS data were 

this MVC data. 

1 
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6.2.3.4 fluid ingestion 

Following isometric testing the subjects I"IM.:.<:,f.:,,"1 gelatine capsules containing 

placebo (white flour) with 1 ml of either a sports electrolyte solution 

containing a sweetener (1.7% (PI) or the same solution with 7% 

carbohydrate without sweetener (Cho), or gelatine capsules containing 

caffeine mg.kg,1) with the 7% carbohydrate solution (Caf). This caffeine 

was it is believed produce an ergogenic 

without exceeding the International Olympic Committee's (IOC) legal limits 

18). Moreover, caffeine of mg.kg"1 BW the cytOChrome 

P-450 system in the (214). Furthermore, I'C ...... CU.I;:.C; a considerable amount 

of caffeine is ov,"'"o'r.orl through sweat during endurance (301) as 

exercise increases of cytochrome P450 1 (513), decreasing 

peak plasma caffeine and half-life (108), it was considered necessary 

that subjects also ingest a maintenance dose 0.33 .kg-1 BWof 

every 15 minutes during the trial. maintenance was calculated 

to ensu re that overall ~TT"'.II"IO dosage did not eX4::eE~a 9 mg.kg-1 BW. This 

maintains mean urinary caffeine levels below the IOC limit 12 pg-1ml 

(1 13;41 506). Hence a bolus amount of 6 mg.kg-1 BW caffeine 

allowed a maintenance of 3 mg.kg-1 BW over n of approximately 

hours. This allowed 9 x 15 min 

BW. During two trials 

containing 0.33 k 
,1 

·9 

and Cho), fiour containing gelatine tablets 

were 15 minutes. One hour ingesting the initial solution 

and capsules, a resting blood was taken and body weight measured 

on a (Soehnle. Germany). 
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6.2.3.5 100 km cycle time trial 

After a standardised 5 min warm up of easy cycling, subjects commenoed the 

100 km time-trial. Every 15 minutes the subjects were given either the caffeine .or 

placebo capsules together with 150 ml of either the carbohydrate or placebo drinks. 

To mimic the stochastic nature of cycle road races, the time-trial included a series of 

sprints during which subJects were requested to ride "as fast as possible" according 

to the methods previously described (83). There were five 1 km sprints after 10, 32, 

52,72 and 99 km, as well as four 4 km sprints after 20,40,60 and 80 km (Figure 

6.2). Subjects were instructed to complete the total distance in "the fastest time 

possible", taking into consideration the sprints that were included. Just before 

commencement of a sprint, the investigator gave a distance count down and 

instructed the cyclist to complete the sprint in the fastest possible time as soon as he 

reached the specific distance at which the sprint started. Subjects viewed a diagram 

of the "course profile" which graphically illustrated where the 1 km and 4 km sprints 

occurred, before and during each ride. Otherwise subjects received no external clues 

to influence their performance other than their ·elapsed Distance and heart rate. 

Subjects were not informed of the elapsed time or the times for the sprints until 

completion of all three trials. 

Throughout each trial, power output and elapsed time were monitored continuously 

and stored on computer. Heart rate was recorded using a Sport Tester monitor 

(Polar Electro, Kempele, Finland) and was displayed to the subject throughout the 

ride. Instantaneous power output and heart rate was recorded at each 500 m split of 

both the 1 km and 4 km sprints to provide an estimate of the average power output 

1:87 
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for the sprint. Rating perceived exertion was n:;:>l"'nrn in middle of each sprint 

(Figure 6.2). 

Upon completion 

blood sample 

which solution, 

which they 

* 

10 

subjects had their body 

subjects were eli:""::;u 

or placebo, they had 

* * * * * 

32 40 52 60 
distance (km) 

* * 

recorded and a final 

could determine 

* 

99 

*EMG 
HR 

Figure 6.1. 100 km course profile consisting of km sprints (short bars) and 

4 -4km which commenced distances stated below 

* each bar. = midway for EMG, HR and 

RPE. 

6.2.3.6 Blood 

Fifteen ml venous samples were drawn by ncture into EDT A, 

sodium oxaiate and dot activator 

vactutainer for<:ieterminations of 1""'"'M"..o" ..... '" laCl:ale and free fatty 

1 

on 
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(FFA) concentrations respectively. were 3000 x g for 

10 minutes at 4°C immediately and the 

supernatants were stored at Plasma lactate . 

concentrations were measured with SPl3ctro(mcltornetnc (Beckman Model 35, 

Beckman Instruments Inc., Fullerton, enzymatic assays (Lactate 

PAP, BioM (rieux, Lyon, N 

Germany). Serum 

Boehringer 

half-micro test; Boehringer Manheim, 

(FFA one and a half -micro test, 

determined by spectrophotometric 

kits. Plasma caffeine, theophylline, 

were measured using high­

(HPLC) (Gilson Inc., Middleton, WI). 

enzymatic 

paraxanthine 

performance liquid 

Plasma samples were 

with mod 

Tang-Liu et al. (1982) (487) 

plasma proteins were precipitated by the gradual 

addition of 2 ml of to ml of plasma containing 20 ml of 

1 mg.mr1 

mechanically 

as an internal standard. The samples were 

and centrifuged at 3000 X g for 5 minutes, 

supernatants were transferred to a fresh tube, frozen in liquid nitrogen and 

for hours. The dried samples were resuspended in 

200 ml of phase (90 mM phosphate, pH 3.6; mM tetrabutyl 

ammonium sulphate; 6% acetonitrile) and stored at 4 until 

sample was injected and resolved on a 1 X 

mm (20) analytical column protected by 30 X mm 

(20) column (Phenomenex, S1. Torrance, CA). 

were at 280 nm. 

1 
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6.2.4 Statistical analyses 

A two-way ANOVA for measures was used to evaluate statistical 

significance all variables measured A Scheffe's test was used 

to the possibility incurring a type I error and automated checks for 

spericity were by Statistica programme. The data was analysed 

by a 3 (condition) x 5 (time) and 3 (condition) x 4 (time) ANOVA for 1 km 

and the 4 km sprints respectively. Significance was at P < 0.05. Due 

to a intersubject variation EMG data are expressed as means ± 

while all other data as means ± 

190 
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6.3 RESULTS 

6.3.1 Plasma concentrations 

plasma caffeine concentrations in both non-caffeine trials, 

confirming from products the trial 

(Table 6.1). caffeine and its paraxanthine £",I"\r,,...,,, 

were significantly higher during, and over time in Caf compared PI or 

Cho trials < 0.01) (Table 6.1). theophylline and 

were also higher (P < 0.05) in Caf vs Cho and over 

between vs (Table 1). 

Table 6.1. concentrations of caffeine and its before and 

100 km cycle time trials for both carbohydrate and when 

either placebos (PI), carbohydrate and ""rc:>nn (Cho) or 

during exercise. 

Caffeine 4.6 + 7.2 + 0.4 + 0.6 1.1 + 1 47.3 + 12** 73 + -
(11 M) 

0.7 + 0.6 0.5 + 0.5 0.3 + 0.4 0.5 + 1.9~2.1t + 4.7t 
(11M) 
Paraxanthine 1.4 + 1.2 1 + 1.4 0.7 .:.t 0.4 0.6 + 0.8 3.9 + 2.8** 9.3 + 
(11 M) 
Theobromine 1.6 + 2.3 1.4 + 2 0.6 + 0.7 0.5 + 1.6 + 1.1 * 
(11 M) 

are means.:.t 

** - P < 0.01 Caf vs Cho 

* P < 0.05 the interaction vs Cho and over time. 

t P < the interaction vsPI and between groups. 

1 
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1 F uesfor group, time and interaction for Caffeine, 

Theophylline, and Theobromine. 

Theobromine 

Performance 

4.24 

1 

3.42 

7.12 

11 

TT performance measured as power during 

complete the TT was not different in 3 

performance was faster in Caf, the quickest. 

7.71 

oras to 

during the familiarization trial when subjects nn<:''''T<:',., their own fluid solutions 

"ad libitum", There was, however, a tendency first 1 km sprint to 

faster in Caf than in PI or Cho, with the reverse in the last sprint (Fig 

6.2 a). Similarly the second and third 4 km were insignificantly faster in 

Caf than in PI or Cho (Fig b). 
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Table 6.2. Total time (mins) and 

rides of 100 km 

1 

Values are means + 

Table Time 

time trials in 

(Caf). 

32 

52 

72 

99 

Values are means + 

1 

1 

(mins) to 

1 + 1.4 

1.15+1 

1 

power (W) during 4 performance 

1 + 14.0 155.8 + 15.3 

1 km sprints within the 100 km cycle 

(PI), 

1 19 + 2 

1.17+1.2 

1.21+1.2 

1.18+1 

(Cho) or caffeine 

1.23 + 2 

1.2 + 1.2 

1.21 ± 1.3 

1.36 + 1.3 

I 
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Table Time taken (mins) 

trials in subjects 

(Cat). 

60 5.41+ 

6+ 

Values are means + SD. 

complete 4 km sprints within 100 km 

placebo (PI), carbohydrate (Cho) or 

5. + 

5 + 5.7 

5.37 + 

+ 

5 + 5.4 

6.05 + 5.8 
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1 km --ts- (PI) (a) 
1.4 -0- Carbohydrate (Cho) 

-- Caffeine {Caf) 

1.3 

CI) 

E 1.2 
i= 

1.1 

1.0 
0 25 50 75 100 125 

Km 

7 4km (b) --ts- (PI) 
-0- Carbohydrate (Cho) 

-- Caffeine (Caf) 

6 

5 

4+------.------~----~------~ 
o 25 

. Time 

the100 km time 

50 

Km 

75 fOD 

to complete 1 km (a) and 4 km sprints (b) within 

in subjects ingesting placebo (PI). carbohydrate 

(Cho) or caffeine (Caf).· 

Heart 

There was a trend average rate higher during the 1 km sprints 

in Caf compared to PI or (Figure 6.3 a); trend significant 

during 4km (P < 0.05) (Figure 6.3 b). rate in all 

similarly over time. heart during both 1 km (184 + 

9.8 177.0 + 5.8 PI; 1 .4 .± 8.9 Cho) and 4 km (181 + 5.7 1 + 
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; 1 + 7.6 Cho) sprints were similar different trial conditions 

to fall with sprints 

100 km was significantly (P < 0.01) in 

Cho group (181.6 ± 1.9 Caf; 1 + 2.7 Cho). 

Table 

32 

52 

72 

99 

rates (b.min-1) during 1 km 

and Cho. 

176.1 + 6 

173.4 + 

171 + 4.9 

172.5 + 

176.5 + 

176.2 ± 7.7 

174.6+ 6.5 

177.8 + 5.3 

Values are means .± SO. 

. Mean heart 

group compared to 

the 100 km 

181.9 + 

182.7 + 6.9 

181.6 + 6.8 

181.5 + 10.4 

Table 6.6. rates (b.min-1
) during 4 km sprints during 100 km time 

trial for Caf, and Cho 

40 

60 

80 

Values are means + 

171.3+7.2 

1 .3 + 5.8 

1 + 5.5 

" - P < 0.05 groups and over 

1 1 + 8.3 181.8+6.7* 

1 + 6.7 181 

1 1 + 10* 

for Caf, and PI and 

196 
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PI and 

Cho). 

1 km 

km 

4km (b) 
200 

* * * 
.., 

190 

180 

170 

160 

150+-----~------~----~------~ 
o 25 50 

km 

75 100 

--
PI 

--Caf 

-o-Cho 

PI 

6.3. heart rates during 1 km (a) and 4 km (b) sprints for 

(* - P < 0.05 groups over Caf, and PI and 
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6.3.4 

Due to techn 

could only 

difficulties with the 

COllected for Cho and 

recorded during 

There were no 

MVC are shown 

differences 

instrumentation, 

expressed as a % 

6.8 

values in any of 

data 

IEMG 

sprints for 

Caf or PI 6.8 and Figure 6.4). values ranged between 1 + 

1.0 % and 41 3 + 1 3 % in the 1 km sprints and between 19.9 ±. 4.4 % 

26.3 + 7.7 % in 

or over The 

4 km TT. 

4 km sprints. There were no differences 

IEMG was 25.4 + % for 4 km and 

·groups 

+2.4 
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6.7. IEMG (%) normaHsed against MVC during 1 km sprints during 

100 km trial PI and 

32 

72 

99 

Values are means ± 

17.3 + 3.1 

29.3 + 5.1 

20.9 + 4.4 

41 + 17.3 

15.3 + 1 

24 +6 

17 + 4.4 

+6.6 

Table 

100 km 

IEMG (%) normalised a9ainst MVC during 4 km sprints during the 

40 

60 

80 

trial for PI and Cho. 

+4.4 

1 +2 

23.1 + 

are means + SO 

1 1+4.4 

+5 

26.3 + 
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~ o -

-

1 km 

4km 
40 

30 

20 

10 

km 

(b) 

(a) -o-Cho 

-Caf 

-0--

o+-----~------~----~------~ 
o 25 

6.4. Integrated 

50 

km 

75 100 

(IEMG) values ex[)re:ss€~a as a % of 

r",,..r.rr • ..on during an MVC, 'during 1 km and 4 km {b) in 

MPFS 

mean power spectrum, as a % of the 

during MVC is shown ~n 6.10 and 

and 

200 
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were no differences for between groups, over time or between 

groups the 1 km and 4 km time trials 6.10 and Figure 

. However, during MPFS in first and last 4 km sprint was a -1 

with the Cho group shifting to part of the spectrum and 

Caf group shifting lower part of the spectrum. 

Table 6. (%) normalised against MVC during 1 km sprints during the 

100 km time trial for Caf and Cho. 

72 

99 

Values are means ± 

1.08 + 0.09 

1.11 + 

1.08 ± 0.07 

1.21 + 0.06 

1.06 + 0.04 

1.05 + 

1.1 + 0.07 

1.13 + 0.06 

10. (%) normalised against MVC during 4 km sprints during 

100 km time trial for Caf and 

40 

60 

80 

are means + 

1.12 + 0.08 

1.13 + 0.07 

1 + 0.06 

1.05 + 0.06 

1.13 ± 0.10 

1.06 ± 0.04 

201 
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Figure Mean power frequency spectrum (MPFS) values normalised 

against an isometric MVC during 1 km {a) and 4 km (b) sprints in Caf and Cho 

trials. 

6.3.6 Serum FFA and lactate concentrations 

Serum FFA and lactate concentrations increased Significantly during 

in all TT (P < 0.01). There wer.e no differences in serum FFA and iactate 

concentrations between groups (Table 6.11! 1 Figure 6.6). 

202 
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6.11. fatty acid concentrations (mmoLri
) before (pre) and 

after (post) the for PI, Cho and Caf 

Post 1 + 0.9* 1.6 + 0.5* 1 + 

Values are means ± 

* - P < 0.01 vs post 

Table 6.12. Serum lactate concentrations (mmol.r1
) before (pr-e) and after 

(post) the for PI, Cho and Caf 

5 + 1.7 1 + 1.6 + 1.4 

are means + 

*- P < 0.01 vs post 
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...... 
«­u.. .... 
u.. '­....... ....: 

o 
E 
E -

7 

6 

5 

4 

3 

2 

2.5 

Pre 

Figure 6.6. Serum 

. Pre 

fatty 

'* 

* * 

Post 

'* 

Post 

* 

'* 
PI 

Cho 

Cho 
Caf 

(top) and lactate (bottom) concentrations 

and the TT in placebo (PI), (Cho) and caffeine (Caf) 

trials. Serum FFA 1~l"t~t.:::> concentrations increased significantly during 

Civt::..rl"'c,o but were not different between groups (* - P < 0.01 vs 

values). 

6.3.7 

RPE rose progressively (P < 0.01) in suc;ce~)slv 1 km (Table 6.1 

Figure 6.7 top) and 4 km (Table 14, 6.7 bottom) sprints. Peak RPE's 

204 
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were also similar in the 1 km (1 + 0.4 1 + 0.5 18.7 

+ 1 Cho) and 4 km (18.4 ± 1 Caf; 1 + 1 1 + 1 sprints but 

there was no 

Table 13. 

52 

72 

PI Cho. 

between PI, Cho and Caf. 

(units) during 1 km sprints during the 100 km time trial for 

16.6 + 1 1 +2 1 

1 ± 1.8 16.6 + 1 1 + 1.6 

17.4 + 1.6 17.4 + 2 18.0+1.1 

19.6 ± 0.6 1 + .5 19.8 ± 0.4 

Values are means ± SO 

Table 14. (units) during 4 km sprints during the 100 km trial 

40 

60 

80 

PI Cho. 

Values are means + 

16.2 + 1.6 

16.8 ± 2 

1 ± 1.8 

16.3 + 2 

17.2 + 1.6 

18.4 + 1 

16 + 1 

17+1.1 

18.4 + 1.2 
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Figure RPE values during the 1 km (a) and 41<m (b) sprints for the 

(PI), carbohydrate (Cho) and caffeine (Cat) trials. RPE values rose 

(* - P < 0.01 groups both 1 km and 4 km, but were not 

ITT.::.r·.::.nT between 

6.3.8 Weight loss 

Weight loss trials was averaged 

1 figure B.8). 
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Table 6.15. of weig ht (%) 

Values are means ± 

7.5 

5.0 

2.5 

O.O...L.L~-----L..::....J-_---

over TT for PI, 

Cho 
Caf 

and 

6.8. Percentage weight loss during the TT in placebo (PI), 

carbohydrate (Cho) caffeine trials. 

6.3.9 identification 

7 out of the 8 subjects identified when caffeine, citing 

symptoms of r:ed concentration, during 

the trial and difficulty in the following 
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6.4 DISCUSSION 

bulk current evidence suggests that caffeine ingestion 

performance to quite a marked 'extent during more prolonged endurance 

(465), although there appears to little if any effect during high 

intensity exercise of short duration (141 ;212;218;415). 

However, most of evidence for large from stUdies in 

which subjects begin exercise unaware of any fixed end point other than to 

continue exercising for "as long as possible". One result is that do not 

have a fixed goal around which to plan their pacing strategy. We (459) and 

others (357) shown that the coefficient of variance for such open-end 

testing is large. In contrast, performance during closed trials in which subjects 

begin knowing exactly what is endpoint in terms of distance to 

covered or total exercise time, is far more reproducible (458). In addition, 

relatively few studies have evaluated the effects of caffeine on the 

performance of better performing athletes of the quality studied in this trial. 

A-ccordingly, the most important finding of this study was that, contrast to 

the large effect in open-ended trials, did not 

significantly enhance overall performance during the 100 km cycling time trial 

that included bouts of high intensity This is consistent with 

trials which show that any effect of caffeine is much greater in open-ended 

than in trials. For example, the magnitude of ergogenic effect of 

caffeine in open-ended trials is of the order of 20-50% (214), ,All"lcr..c:,.:lI 

av.erage .enhancement in closed trials was 1.8 % (range 1.7 -

2{)8 
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(34;79;301 ;338;527). in this study, were 1.3% when 

using compared to placebo but 0.1 % slower when ingesting caffeine 

than the familiarization when they ingested their chosen drinks "ad 

libitum". 

Plasma concentrations were low in the PI and Cho trials but were 

markedly elevated in the trial. Hence illicit use of before the PI or 

Cho trials could not explain our faiiure to an 

The significantly higher heart with caffeine ingestion, especially 

during the 4 km sprints, confirm that the ingested caffeine was physiologically 

active and was not to an increase in cycling intensity. 

Our second important finding was that ingestion did not significantly 

alter pacing strategy. Thus, although subjects performed the first 1 km 

sprint slightly faster; and 1 km sprint slightly slower during trial 

than when carbohydrate or placebo, this effect was not 

significant. Similarly, the second third 4 km sprints were slightly but not 

significantly faster with In contrast sprinting performances when 

ingesting placebo or carbohydrate were similarly reproduced (Figure 6.2). 

However, subjects had sight their 

to control their pace to avoid fatigue. 

rate, which could have been used 

Thus. despite a complete of all external, particularly temporal clues, 

subjects employed essentially same pacing strategies when ingesting 

either carbohydrate or placebo, whereas ingestion may have modified 

imperceptibly the pacing strategy. Interestingly, in the studies of et al. 
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(79), enhanced of rowers during a simulated 2000 

trial specifically by increasing their speed only over the 'first 500m of the 

race. This that, in that trial, caffeine have directly on the 

subconscious brain centres that early pacing <:!TI":::no.t"I during 

noteworthy feature of this and other studies 

(457;457;458;458;460;460;481) is the reproducibility of the pacing strategies 

used by subjects during closed trials of the type used in this study. This invites 

question of the of the internal physiological cues determining that 

response the in all our trials no external cues other 

than the distance 

In this study we found that, whereas average performance time remained 

relatively unchanged, rose progressively with consecutive 1 km and 4 km 

sprints, peak heart was essentially the same, in both 1 km and 4 km 

sprints I if anything, during the course of the Peak 

EMG activity was more variable, in contrast to our previous study in which 

activity was significantly lower in the final 1 km and the two 4 km 

sprints in subjects who modified their diets in the 3 days before exercise 

(481). However, sprinting performance in that trial fell significantly in the 

final 1 and 4 km sprints, in this study, performance was unchanged 

in 1 and 4 km 

Significantly, IEMG activity was about 12% higher during 1 km than during 

the 4 km , which is to be subjects cycled faster during 

210 
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the 1 km than the 4 km sprints. However, as also reported in our previous 

study (481), subjects only of their maximal neuromuscular 

activation during the 1 km sprints and only during the 4 km sprints. 

Skeletal muscle activation (Figure 6.4) and performance re was 

greater in the 1 km than 4 km sprints. Howev.er, if peripheral metabolite 

accumulation or muscle glycogen depletion determines performance during 

the 4 km or the pacing strategy during the sustained 

between sprints, then even higher performance not have 

possible during the 1 km sprints. Rather, the higher metabolic rate during the 

1 km sprints should have increased concentration of fatigue-inducing 

thereby progressively impairing performance. But this was not 

the case (Figure 6.2). 

Indeed in a previous study employing shorter 40 km time trials, which 

ILoILH..I<::O'U repeated sprints, we (460) found that sprinting performance fell 

progressively as did blood lactate concentrations pH ! the 

opposite of 

metabolites. 

predicted 

Furthermore, only 

if fatigue is regulated by peripheral 

of the total neuromuscular activation was 

even from outset the 1 and 4 km sprints (Figure 6.4). Hence 

something "·constrains" neuromuscular activation so that less 

available mass is ever recruited even from the of 

25% of 

when 

muscle metabolite concentrations are likely to be the perturbed. We 

have propos'ed that this constraint exists centrally in the brain (285;481). 
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Accord to this theory, consistency of performance in all these trials 

from a centrally determined pacing CTF<::ITC ...... that is uninfluenced 

caffeine ingestion. Furthermore, 

km sprints result simply from a 

neuromuscular activation does not 

"~<::T':::''' speeds during 

neuromuscular 

1 km than the 4 

the 

during repetitive sprints (Figure 

6.4), of a "peripheral" fatigue confirmed, the definition 

peripheral fatigue requires a greater neuromuscular activation maintain the 

same, or a power output (379). 

In summary, this study establishes a substance considered ergogenic 

because of stimulatory on the central nervous shown.to 

effect during prolonged 

(11 164;21 14 14) in which a subconsciously chosen pacing strategy 

is unnecessary, fails to improve performance when the trial has a defined 

endpoint so that a pre-determined pacing strategy is required. Furthermore, 

this and other (107) sugg·est that the pacing strategy is a reproducible, 

individual characteristic that may resistant to effects of stimulatory 

drugs like caffeine. If any drugs influence a centrally regulated pacing 

they ·could conceivably be as likely to produce a negative as a 

positive 
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CHAPTER N 

ECTS OF SUPRAMAXIMAL EXERCISE 

ON THE EMG SIGNA 
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7.1 INTRODUCTION 

The various manipulations used in previous to investigate the 

involvement of neural mechanisms during 

first, hot ingestion in an 

have been during 

to pertubate 

normal exercising body therefore reduce the time to of fatigue. 

Second, caffeine as an ergogenic aid to prolong the time to fatigue 

and improve performance. Chapters four to six examined different 

environments on submaximal fatigue, four and five used open loop protocols 

seven used a Joop protocol. All of been performed 

with the use of 

fully manipulate all 

neuromuscular recru 

The WAT is reportedly 

reviewed in 

protocols, 

fatig ue is to of 

during a supramaximal protocol. 

most effective method 

and achieving high 

1 To 

measuring supramaximal 

fatigue, which is 

knowledge, no 

research has been performed in which K€IIBtCf muscle recruitment 

have been investigated during a supramaximal to exhaustion using 

WAT protocol. Accordingly, we set out to investigate the effect of the on 

the EMG signal. 
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.1 Question 

by this study is: 

What is of performing the Wingate supramaximal cycling nrr,rr'lr'r'I on 

pattern? 

7.2 METHODS 

7.2.1 Subject selection and sampling 

Ten healthy males volunteered for this study. mean 

of the subjects were 21.4 ± 2.6 years and .3 + 8 kg 

body mass 

AU 

subjects were physically active and each signed an informed consent 

the study. The Research and Ethics Committee of University of Cape 

Town Faculty of Health Sciences approved study. 

7.2.2 Experimental trial 

7.2.2.1 MVC testing 

To normalise was as described in chapter 

7.2.2.2 Urronro 

After performing MVC, the warmed up with light cycling 

stretching. WAT of one 30 second sprint, performed on an 
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electrically braked cycle ergometer (Watsystem, Corp, Bloomington, USA) 

with a preset load 0.09 kg.kg-1 BW (144). were given 5 

of load less to reach maximum pedal speed and 

subsequently were instructed sustain maximal cadence during the 30 

once the correct load was applied. All subjects received verbal 

encouragement throughout the 30 ...,,,,,,,'nn 

of fatigue during the WAT was by using following 

equation as described previously by McCartney et (352): 

Fatigue index == peak power (W).- lowest power (W) I peak power (W) x 

100 

testing 

EMG methodology and processing of the signal was as described in chapter 

4. EMG was captured continuously throughout 30 second cycle and 

were divided into 7 five divided into 6 five second epochs. The raw 

"' .... " .. "'oj epochs, the first included all data 

isometric trial and during WAT at 5, 10,1 

EMG activity at each epoch was calculated. 

leerea during second maximal 

subseq uently " .... ,"',.. as 1 00% 

and 30 seconds. 

data for first 

mean 

was 

activity, and all subsequent data was 

normalised by using the first ""nTU'" as the denominator subsequent epoch 

values. 
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Statistical analyses 

are presented as means and deviations. nificant 

over time were using a one ANOVA with repeated measures. 

changes occurred an post hoc was applied to 

identify individual over time to avoid incurring a type I error. 

Relationships among variables were assessed Pearson correlation 

coefficient. nificance was accepted at P > 0.05. 
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7.3 RESULTS 

. Fatigue index 

mean of fatigue calculated from in n"'AI"'" , during WAT 

was + 8.6 % (Table 1). Data from subjects 9 and 10 could not be 

recorded due to technical difficulties with the cycle 

Table 7.1. Fatigue index for each subject throughout 

Anaerobic Test (WAT) 

2 
3 
4 
5 
6 
7 
8 

Mean 

are means::!:. 

34.0 
38.0 
49.8 
45.8 
50.7 
51.7 
32.1 

44.5 + 

Wingate 
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7.3.2IEMG 

IEMG normalised to MVC showed no significant change over WAT (Figure 

7.1 b). However, there was a large individual variation with one subject 

showing a drop off in IEMG in the final 5 seconds (Figure 7.1 a). 

Table 7.2 IEMG (%), captured at 5 second time points during the 30 second 

Wingate, normalised to MVC. 

Seconds 'IEMG 

5 89.7 + 46.3 

10 94.8 + 56 

15 111.7+61.2 

20 110.4 + 69.3 

25 113.2+78.7 

30 89 + 40.8 

Values are means ± SD 
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C!I 
:!: 
w 

(a) 
--1 

300 
--2 
-3 
-4 

200 -0-5 

-6 
100 

-7 
-8 

0 
-<>-9 

Time (s) 10 

3°°1 
(b) 

200 

1'00 

o+-____ ~------~----~----~ 
o 

7.1. 

10 20 

Seconds 

30 40 

amplitude as a % MVC at 5 intervals 

individuals (a) and as a group (b) over a 30 second Wingate Anaerobic Test 

(WAT). 
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7.3.3 

MPFS norma to MVC was reduced 1 

second WAT (P < 0.01) (Table 3) (Figure 7.2b) and 

was far then for I EMG (Figure 1 a). 

Table M values, 5 second 

second Wingate, normalised MVC. 

10 0.97 + 

15 0.95 + 

20 0.9 + 0.08 

0.88 + 0.11 

0.84 + 0.11 * 

are means + SD 

** P < 0.01 5s vs 

5s vs 

10s vs 

15s vs 30s 

* - P < 0.05 vs 

30s vs 1 

over 

individual variation 

during 

1 
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1.25 (a) 
-1 

1.00 -2 
3 - 0.75 -4 ~ 0 

0.50 
-5 
---0- 6 

0.25 -7 
--0-8 

0.00 -9 
0 10 20 30 40 

---0- 10 
Time (s) 

** (b) 
1.2 

1.1 

1.0-< -~ 0 

Time 

Figure Mean power frequency (M at 5 intervals during WAT 

for individuals (a) and as a group (b). Significant (* - p < 0.05 ** - p < 

0.01) reduction over 30 seconds .. 
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A r = 0.56 (NS) was found between fatigue index % 

% 7.3). 

r 

• 

• 

10 
• II 

o 
• 

-10+-------~--------~--------~ 

index % 

Figure 7.3. M % and fatigue index during 

WAT. 
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7.4 DISCUSSION 

The main finding in this study was 

with a relatively unchanging IEMG 

nificant drop off in MPFS coupled 

es~me a mean fatigue index (FI) 

decline in during the WAT was similar to previous investigators 

The MPFS decline be caused by a decrease in pH levels 

consequently slowing down of muscle fiber conduction velocity (MFCV) 

This decline MPFS is similar to what happens in both and 

isokinetic fatiguing protocols (230). This occurrence could be as a result of a 

reduced central drive (309;549), changing synchronization motor units 

(418), motor unit firing time statistics and recruitment different motor units 

(309;502). The precise reason the drop in MPFS in study remains 

unclear, however it could that 30 frame for 

loop between central motor drive and intramuscular metabolism at this high 

level fatigue angular velocity is too short but would have come into 

given more 

IEMG showed no significant change throughout WAT, our suggestion is 

this be caused by minimal afferent signal the active muscles 

a reduction central drive, thus offering no mechanism to 

initiate to adapt the high level of fatigue that is occurring. It has 

suggested that additional motor units (MU) are progressively recruited to 

compensate for the reduction of contractility due to the impairment of fatigued 

MU's, resulting in an increasing IEMG This will also cause a in 

the propagation velocity of action potentials along the , .... "''-',= fibres 

(324;511) and recruitment 'of new, non fatigued, motofunits replace the 
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fatig ued ones . These mechanisms will cause an in the d 

of the motor-unit action resulting in a reduction MPFS. 

However, the motor units become recruited, a IEMG is 

usually recorded. In our study the IEMG no significant changes 

throughout the WAT, agreeing with our suggestion. 

Intramuscular metabolism during exercise involves a lowering of pH, 

which to a decline of neural resulting in a loss of (58;275). 

However, in present data, there is no change in which not 

that there was a decline in neural drive. Indeed, Vandewalle et 

using a 45 second WA T protocol found a in amplitude. 

is in agreement with the findings of Ritchie al. (44), Bigland 

Ritchie . (41), Moritani et al. (378) and Petrofsky and Lind who 

found a in IEMG MPFS throughout MVC. It was concluded that 

observations were the result of a in central drive to ensure the 

optimal output by avoiding peripheral transmission failure (44;47;380). It 

been that this may a safety mechanism protecting 

the muscle from going into rigor through depletion of (394;477). 

However, Hussain et (263) prolonged post WAT diastolic 

hypotension. prolonged recovery kinetics of femoral arterial flow 

the continued effect of vasodilator metabolites, which that 

mechanism of fatigue during a WAT is predominantly humoral as opposed 

to neural (263). ischaemia that occurs the WAT, 

importance of oxygenation differences becomes When 

skeletal becomes ischaemic no known mechanism is 

to nr'::'\ll'>lnT cellular damage from occurring, unlike other ...... , ... '-4 .. ,'" in body, for 
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example the 

muscles 

(404). Therefore, during a 30 WAT when skeletal 

ischaemic a protective mechanism may employed. 

Kent-Braun suggested the relationship between pH and both 

in force neural drive are likely to within a loop 

between central motor d intramuscular metabolism throughout fatigue. 

Hussain a!. (263) showed a fall in pH from a baseline value of + 0.01 

to 15 + immediately after the WAT. A in , has shown to 

with binding to troponin by reducing the evident binding 

constant (188;514), this could impede muscular contraction (175). Moreover, 

Nakamaru Schwartz (391) discovered 

between the sarcoplasmic reticulum and 

pH dependent association 

proposed the possible 

of excess in excitation-contraction coupling resulting in a . 

decline in developed Juel (275) identified a reduction in membrane 

excitability and attributed it to pH dependency of the sodium-potassium 

pump which might cause a in (74;1 resulting in a drop 

in spectral frequency (324;485). However, Brody (73) electrically 

stimulated the hamster diaphragm, whilst decreasing the bath pH resulting in 

a significant in both spectral power and concluded that 

other than pH were responsible for conduction velocity changes. 

et showed that mean venous lactate rose from a 

baseline value of 1.7 + 0.15 to 12 + mmol immediately after WATand 

continued to peaking 6 mins with a va1ue 1 + 0.72 mmol. However, 

venous lactate may not indicative of intramuscular lactate 

levels as WAT causes almost >80% ischaemia {403). 
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infusion into the during may minimal resulting in 

alacticacidaemia (138) despite high lactate concentrations occurring in 

skeletal musculature. Furthermore, Unssen (325) showed that 

MFCV did not throughout MVC in with McArdle's d 

when the did drop. would that factors other 

than increasing will MFCV. Finally, and (388), 

Undstr0m (324), Stu len and Deluca (485); Hagg showed an 

MPFS may occur without a concomitant in MFCV which also 

UQ(]eSIS other mechanisms responsible. 

It been postulated that changes in muscle mayan 

important factor ue and changes (42). However, an in 

muscle temperature during the WAT is an unlikely cause of as 30 

is too to see a nificant in muscle temperature. Petrofsky 

and Und (423) showed that the curve form of the association between 

IEMG during fatiguing contractions was dependent on the of 

the muscle. Furthermore, the relationship IEMG and MPFS is 

influenced by variations in the muscle temperature (423) as a result of 

changes the sarcolemma and skin temperature (547). 

Therefore, the influence of on IEMG and MPFS may important 

for longer events, but for this duration. 

Interestingly. the individual variation for I was than MPFS. 

2 displayed a higher IEMG 

subjects and rapidly declined in 

showed one of the fatigue indexes. 

MVC) than other 

however also 

subject may have 
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subconsciously the WAT submaximally as to 

supramaximally, which could be of a protective mechanism as 

by Clair Gibson al. (481). 

In conclusion, during WAT, MPFS was attenuated with no decline in IEMG, 

significant reduction in may by a drop in 

central command or from an accumulation of metabolites in periphery. 

However, it is possible that is a reduction in central drive and a 

period is too short for feedback loop between drive 

intramuscular metabolism to affect motor unit recruitment 

uently, further is to measure metabolite 

accumulation during WAT and firing pattern 
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CHAPTER HT 

SUMMARY AND CONCLUSION 
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hotly 

of 

over 

issue within the scientific community of 

is centrally or peripherally 

with the steady advancement of 

cause 

This 

is often objective and intriguing, however, it is frequently"''''''''''''''''''''' 

who are either cemented in their paradigms and proud to ac-cept 

constructive criticism of their work and ideas or those who are willing to 

risks, away from the beliefs of the herd and venture into unknown: 

most beautiful thing we can experience is the """" ... +" .... "" itis source 

of all true and science" (Enstein (57». 

novel data and conclusions generated from this may 

clarify the neural mechanisms involved in the 

In part of this thesis, we examined most o++,.,,...h 

to use when investigating neuromuscular 

submaximal cycle fatigue and MVC. We began by 7 

capture rates (32,64, 128, 256, 512, 1024 and 1984 Hz) during 

MVC, and submaximal cycling at 50% intenSity and at exhaustion. We found 

that data is consistent therefore reliable if captured over 326 Hz for 50% 

intensity cycling, 503 Hz for cycling at exhaustion and 1604 for MVC. 

However, during scientific testing it is impractical to use different 

different activities and intensities, therefore we chose the highest "-iOi .. HUI 

available on our machinery of 1984 Hz to ensure the collection 

both MVC and cycling. Consequently, to compare 

and we decided to use the highest capture 

on our machinery, whkh is 1984 Hz. 
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The second study examined the most effective EMG normalisation method for 

intersubject comparison. We found that MVC will record a higher IEMG than 

fixed maximal cycle contractions one maximal cycle revolution and 

it appears that MVC has variables to both force output, 

.. 0'1" ....... 0 will the effective in describing maximal muscle recruitment 

activity. 

The third study examined was 

environments on submaximal 

effect of hot (35°C) and cold (15 °C) 

to fatigue using 10 healthy subjects. 

The cycle protocol was open loop, which involved successive 15 min 

rides at 30%, 50% and of peak power output and then at 

[15 W.min-1
] work to No differences in performance were 

seen of possible effective thermoregulatory mechanisms. This was 

shown by a significant increase skin temperature, a higher heart and 

similar temperature when cycling in the hot environment, which 

uaclests that is being conducted out of body, in 

controlled core temperature without compromising performance from an 

elevation in There were significant in thermal comfort 

however it is likely that thermoregulation in similar 

perceived exertion for both groups. Finally. core temperature 

remained unchanged. the ,">TT''''''O command eNS from periphery 

resulted in similar EMG data, which is the ,o't't.", ... "" command from to the 

working muscles in both groups. Therefore, this study indicates a number of 

factors that will effect exercising under hot and conditions. hot 

environment caused in skin temperature and heart but not in 
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temperature. was not altered in of elevated skin 

temperature and thermal comfort. RPE was the same for both hot and 

cold suggesting that peripheral mechanisms resulted in unchanged 

central drive. Therefore, it that during the hot environment in 

this study, effective peripheral thermoregulation mechanisms control core 

temperature, resulting in unchanged neuromuscular recruitment strategy. 

In the fourth study the next condition used to shorten the time to 

fatigue was the effect of l1-blocker ingestion on 7 healthy subjects. 

performed 

We found that 

same loop cycle protocol as the previous 

selective 11 1-blockade will impair maximal exercise 

capacity. This study first, an perception of effort a 

in heart rate in subjects who ingested l1-blocker. It has been 

proposed this is due the inability healthy compensate for 

the decrease heart by increasing stroke volume as it been 

as an adaptation C;TTOr"T from training. , there was 

shift in EMG frequency to of EMG spectrum, which could 

have by an in conduction velocity from an upregulation 

in command to recruit more type II fibers in to impaired type I 

fiber function. Finally, blood lactate concentrations were lower at exhaustion in 

the group who ingested l1-blocker, which could as a result of lower 

power outputs, which will inevitably cause a in 

concentrations. Therefore this study shown that B-blocker ingestion will 

limit prolonged exercise performance and will an altered neuromuscutar 

recruitment strategy which could be in an attempt to generate more power to 

compensate the reduction in peripheral Qv.""pr",,,,, capacity. 
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third fourth studies discussed examined fatigue perturbations 

during open loop Therefore for the fifth study we analysed the 

of a stimulant on a closed loop protocol to observe the ·0"""" ...... on pacing 

as well as neuromuscular recruitment patterns. Accordingly, we 

examined the effects of ingestion on performance during a 100 km 

cycling time trial included of 1 4 km sprints on eight highly -

trained who participated in 3 trials: i) Placebo tablet with 

1.7% carbohyd drink (1 and 1 mml of drink 1 hour cycling 

every 15 minutes during cycling); ii) Placebo tablet with carbohydrate 

drink (same quantity and dose as i; iii) Caffeine tablet with 7% 

carbohydrate drink 6 mg/kg tablet of caffeine) 1 hour cycling and a 

mg/kg tablet of caffeine) 15 minutes during cycling. Drink 

and quantity same as i iL 

This study showed that in contrast to large ergogenic effect 

in open-ended trials, did not nificantly overall 

rfTl';;UU"Q during 100 km cycling trial that included bouts high 

intensity Second, plasma caffeine concentrations were low in 

placebo trials but were markedly in trial caffeine was 

. Hence non-compliance by subjects ingesting small quantities of 

placebo trials could not explain a failure of any 

performance d trials. Third, modified the 

pacing strategy to one in which more work was done in the trial. 

DleCtS were not informed, the must occurred at 

subconscious that control pacing strategies during exercise. Fourth, 
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Heart values were also significantly hjgher with ingestion, 

during the 4 km trials, confirming a stimulatory Finally, no 

significant differences were found between groups for any of EMG data. 

Therefore, despite markedly serum caffeine concentrations, subjects 

did not better during a 100 km cycling time that 

included repeated sprinting. Caffeine heart 

sig n ifica ntly altered the pacing strategy so that more work was performed 

early in the trial. Hence may without ergogenic during 

exercise in which athlete begins with a defined, 

goal as ... IJ .......... or distance. 

All the previous stud have manipulated neural fatigue by using submaximal 

protocols. to manipulate as many of neu fatigue as 

possible, we decided to neuromuscular recruitment d 

supramaximal Accordingly, for the final study we Wingate 

test induce h intensity on healthy subjects. Wingate 

involves pedalling as a possible ~I"":lin",c::t a preset load of 0 kg.kg-1 body 

weight for 30 whereupon most reach peak power 

output 5 seconds and decline until completion. data rate 

fatigue was recorded throughout the cycling. This study showed that 

throughout 30 second Wingate, the EMG spectrum significantly reduced 

whilst amplitude showed no significant change, but showed a trend 

towards dropping off in the final 5 seconds. following possible causes are 
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Therefore, during Wingate test, the EMG frequency spectrum was 

compressed with no decline in EMG amplitude, EMG amplitude 

displayed a trend over the final 5 in some individuals. 

significant in EMG frequency caused by a 

off in centra! command or from an accumulation of metabolites in the 

peripheral 

central drive 

between 

muscle. It is however 

a 30 second period is too 

that there is a reduction in 

for the feed back loop 

Specifically 

are: 

drive and intramuscular metabolism to affect motor unit 

conclusions resulting generated by this 

What is a reliable capture rate to for both MVC and submaximal 

to 

1. 

output, 

What is 

is captured over 

Hz for cycling at exhaustion 

cycling at 50% of 

1604 Hz for MVC. 

most effectiv·e method for normalising the EMG signal for 

cycling to enable comparison? 

MVC will record a higher than fixed 

and one maximal revolution and it appears MVC 

variables to affect both IEMG and force output, therefore it will be the 

in describing maximal muscle recruitment activity. 
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gain further understanding of the neural involvement in fatigue, 

what are the of differing exercising fatiguing conditions on the 

neuromuscular recruitment pattern? 

3. The type of fatigue occurring will affect the neuromuscular 

It is proposed that the fatigue may be central or peripheral, which can 

develop separately or combined, depending on specific task and the 

conditions that constitute it has given. This thesis has shown that in 

some conditions there is a distinct change in central neural recruitment 

strategy, possibly to serve as a protective mechanism. In others however 

there to be no change either of an peripheral 

haemodynamic response that regulates the system or because of an 

ineffective mechanism that fails to protect the body. The 

",,,",,,,,...,1·,,... 01M"01"'1", of the different conditions were answered by the following 

studies: 

What is the of both hot and cold conditions on neuromuscular 

recruitment patterns during submaximal fatigue? 

The heat protocol changes in skin temperature and heart but 

not in temperature. EMG was not altered in the pr-esence of elevated 

skin temperature and thermal comfort. Perceived exertion was the same for 

both hot and cold protocols, suggesting that mechanisms resulted 

in unchanged central Ther.efore, it appears that during the heat protocol, 

att,"'''''''''/a peripheral thermoregulation mechanisms control core temperature, 
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resulting in an unchanged neuromuscular recruitment strategy in 

environmental conditions used in our study. 

What is the of I!,-blocker on neuromuscufar recruitment 

patterns during both submaximal fatigue and MVC? 

This study and other studies show that ,or-,m/o I!, 1-blockade will limit 

prolonged 

to the 

endurance. This study has shown through significant shifts 

end of the spectrum that there is an altered neuromuscular 

recruitment strategy, which could in an attempt to more power to 

compensate for the reduction in exercise capacity 

What is the of caffeine ingestion on 100 km cycling pacing 

strategy and neuromuscular recruitment 

Despite markedly serum caffeine concentrations, subjects 

ingesting caffeine did not perform during a 100 km cycling time that 

included repeated sprinting. Caffeine increased exercising heart rate 

significantly and altered the strategy so that more work was performed 

early in the trial. Hence caffeine both peripheral and systems, 

but may be without ergogenic during endurance in which the 

begins with a defined, predetermined goal measured as 

",,,,,"'Or! or distance. 

What is the effect of performing supra maximal cycling protocol on the 

neuromuscular recruitment pattern? 
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7. During the Wingate test, the EMG frequency spectrum was attenuated with 

no decline in EMG amplitude, however this amplitude displayed a trend to 

decrease over the final 5 seconds in some individuals. The significant 

reduction in frequency spectrum may have caused by a drop off in central 

command or from an accumulation of metabolites in the peripheral skeletal 

muscle. It is however possible that there is a reduction in central drive and a 

30 second period is too short for the feedback loop between central drive and 

intramuscular metabolism to affect motor unit recruitment strategies. 
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Appendix 1 - Anthropometrical data 
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Appendix 2 - Peak power output 

DATE: ................. . 

TIME TEST: ................ .. 

WEIGHT: ........... PosL ...... .. 

WORKLOAD: 

RAMPRATE: 

3.3W/kg 

6.3 

7.3 

Stop 

PPO 

. Power:Weight 

Maximum Heart 

3.3W/kg 

1 W/kg 1150 sec 

2:30 

5:00 min:s 

10:00 

1 

(W) 

(W/kg) 

(bpm) 
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Appendix 3 - Maximal voluntary contraction 
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h'UN21 

lmgle 

65 
65 
65 
60 
60 
60 

Min Contr Force 
(N) 

16 
16 
16 
16 
16 
16 

Assessment: hun21 

Peak Force 
(N) 

468 
406 
403 
423 
364 
331 

Page 2. 

Time to Peak 
(sec) 

4.7 
1.1 
1.6 

. 3.6 
1.8 
0.4 

Mean Force 
(N) 

407 
353 
353 
381 
306 
312 
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4- study subject information and informed 

SUBJECT INFORMATION 

cond Science I of South , is 

electromyographic normalisation methods. The following 

measurements and will performed: 

weight, 

Maximum contraction of 

Com dynamometer. 

ht and body fat 

quadriceps 

Maximum contraction on a fixed pedal, whilst 

a les of 60° and 1 

one revolution of both pedals whilst 

to be 

electromyography of 

whilst on the Kin 

Femoris 

on the Kin 

on a cycle 

on the 

cycle 

output. 
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I understand that I will be free to withdraw from study at 
I will not subjected to any pressure whatsoever not to withdraw. 

that is collected during the course of the will 
with the strictest confidentiality and will be 

Names and personal particulars will not be rEm=a:::;eu 
I will be free to ask any questions about 

study. 

ned, have read and understood the and orc)ceoul 
in the scientific study. I also understand that my participation is on a 
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Appendix 5 - Normalisation study 

Isometric Kin Com 

pedal 

Isometric 108° 

One revolution max 

Kin Com 

revolution max 
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Appendix 6 - Heat study subject information and informed consent 

INFORJ\IL.4.TION 

1: 
Anthropometry: 

Power Output (PPO) and (V02max) to be n"r'tl"lrrn","; 

on a thermo-neutral conditions 

lsomemc max. test of the quadriceps 

following n,.r.:tl"l.r'·" 

minute to exhaustion 

r"' ..... ,.',.., ... taken on cycle 
-oxygen uptake 

-electromyography the quadriceps U,I.l","'-n~" 
-skin temperature 

the test bodyweight will: measured to calculate sweatrate 

visit 3: 
test in as 

the information collected 
and will of scientific researcn. 
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IN"FO~\1ED CONSENT 

I, the undersigned, I to 
withdraw 

IS In no way 

I, have and the In 

the scientific study. 

Subject: 

Date: 
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Appendix 7 - Heat study data 

Test 1 

Completion 

25 

2 

Completion 

T RPE 

Rest 

10 

25 

40 

Exh 

Thermal 
comfort 

Th II 
comfort 

Rectal 

I 
I 

Bi, 

I 

I 1 

Sternum Thigh I Calf 
1 

Sternum Ihigh Calf I EMG 

I 

1 
I 

I 
I I 



Univ
ers

ity
of

Cap
e T

ow
n

8 - (3 Blocker study subject information and informed consent 

INFORMED 

, have been fuliy informed 
in this trial. I also understand 

may be conducted on 
the trial or any of its 

inherent in 

daily intake of 400 mg Acebutolol for a period of seven days. 
AND SPECIAL PRECAUTIONS: 

common to ~-blockade include: hypotension, bradycardia, gastro-
and depression- have with infrequently. 

Weight, height, girths, 

be performed on 

function of Rectus 
(EM G) data. 

for Lode cycle: 
15 minute ride at 30% of PPO 
15 50% of PPO 
15 ride at 70% of PPO 
15W every minute to exhaustion 

performed whilst on the cycle 
1 V02MAX to be recorded from lab 

to be attached to Rectus 
3. for blood samples-

on 

lengths and 

using 

whilst recording 

have certain 
to inform me 
become 

is in no way 
course of the trial or 
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lNFORMED CONSENT 

I, the ned, voluntarily to participate in this I will be 
withdraw from the at any moment, without having to justify my 
I wlll free to any about procedures and of the 
study. I that I will receive on completion of the as 
rem u neratio n. 

The Sport Science Institute of of the 
way for any or d 

I, the undersig , have and understood the purposes and 
involved in the scientific 

Signature: 

Date: 

Investigator: 

Date: 
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Appendix 9 - ~ study data 

Dat6 ___ _ 

1 

Completion 

Time Time 

2 

Completion 

T I RPE Power Time IEMG 

15 
I 

10 

30 

f 

J 25 

45 
I 

40 
I 

Exhaustion 
I 

I Exhaustion 
I 
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Appendix 10 - Caffeine study subject information and informed consent 

UNIVERSITY OF CAPE TOWN 

r Subject 

CHAIR OF EXERCISE AND SPORTS 
Of 

OF THE MEDICAL RESEARCH COUNCil (MRC) 
AND THE UNIVERSITY OF CAPE TOWN 

Sports Science Inslitute of South Africa Boundary Road Newlands 7700 
PO Box 115 Newlands 7725 

6867330 Inlernalional27·21 6B67330 Fax (021)6867530 

you taking part in the tr~al sponsored by 
the of varying quantities of caffeine, sodium and 

From this study, we aim to determine your 
varying conditions. trial will of h quality 
your overall 

In participating in this study, you will receive the overall of the study in 
addition to your individual results, which will include: 
1) V02 max (maximum consumption) 
2) Output (PPO) 

% body muscle mass 
4) Maximal Isometric Output 

When taking part in the study, it important not to your training or 
dietary intake. We want to know what YOU are doing. 

Thanks and enjoy!! 

Angus Hunter 

MSc 

"OCR :-'BSSIOS is tn be :m ()utst:Jnding: ! ... achin~ and research unj",r~it:. 
educating for Uk and ;.H::drl·~~illg Ihle' chalh:ngt·, nur s()(:kty." 
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UN ITY CAP TOWN 

@ LIBERTY 
Of 

SPORTS SCIENCE IN 
E UN 

OF THE MEDICAL RESEARCH COUNCIL (MRC) 
AND THE UNIVERSITY OF CAPE TOWN 

Sports Science Institute of South Alrica Boundary Road Nswiands 7700 
PO Bo~ , 15 Ne'lllands 7725 

Telephone (021) 6867330 International 27·21 6867330 Fox(021) 6867530 

Requirements: You be a well-trained cyclist n01 ... ,<::,on the 
and to long periods (3-4hrs) 

TRIAL Will INelli 
INSTITUTE: 

1) Initial time 1 

5 VISITS TO THE SPORTS SCIENCE 

oxygen consumption (V02 peak) from peak power output 
determined. (Wpeak) and maximum rate (Hrmax) will 

On the same day as the V02 test, body composition 
seven skinfolds (to 

lean thigh volume). 
be These will include: 
fat) leg 

given a booklet with following question 

acknowledge what's required -of you as a 
ree to in 

of 18 

to assess your training for past 15 

accurately your for .8 during 

one 

• - Habitual caffeine users win be abstain caffeine use for 
48 before time trial, which will include sources such as 
coffee, cola drinks, or any containing pharmaceutkals 

2) time 4hrs 

before test!! 
• cannot d the 

I.:du(";nln;,! for lift: and 
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• will given to you 3 hours prior to the trial 

and upon arrival at the laboratory we will it calibrate on 

4 x 5 second maximal voluntary contractions on the Kin Kom 
dynamometer testing the knee extensors. 

measured before and after the time trial to measure 

electrodes will placed on 
the MVC's and throughout the time 

monitor 
required to wear a 

time trial. 

Urine sample 
Urine sample to be taken before 

Blood sample 
A blood sample will be taken from 
immediately after the trial 

Time trial 
The time tria I must be performed 
conditions in the environmental 

Hydration 
Before commencing the time .trial 
Energade drink and 
mass per hour throughout 

Tablets 
Before commencing 
tablets, which will 
during the 

for 

duration of 

of same 

will to either ingest 400ml of a 
same solution at a rate of 1Smllkg/body 

sublingual ice treatment. 

required to ingest a concoction of 
and/or caffeine both before and 

total distanoe, as well as the in 
given to you during the time trial 
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7330 ext 264 (w) 
. ahunter@sports. 

contact me immediately. 

5936 

in the 
. quantities and 

this trial and been given 
on all pertinent to this study. I 

u that I am withdraw from this trial at any time witho having 
to justify my decision. I understand that I will R500 on I 
completion of this trial as remuneration. 

information 
confidentiality 

during the course of the trial will 
will only for the pu 

I the u ned have and understa purposes and 
involved in the scientific study. 

by the volunteer: ........................................................ . 

I confirm that I have IC;::';::><::'U the above 

r':::>~1""'" with 
of scientific 
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Appendix 11 - study diet information 

--=:=..:..=...x...::..::::.-!.!..:=::-'-.!..!.!..:::.!.!..l'--="'-' don't change or 

and ONE weekend 

that you ate/drank the meal/beverage. 

.. consumed and give a detailed description of 
.. names if possible (e.g. Tussers Trim 
.. how the was cooked (steamed, boiled, 
.. record if the meat was fatty or lean, was it crumbed? 
.. was the skin eaten? 
.. type margarine used and approximately how much 1 
.. of milk was used (2%, full cream or milk) 
.. used (cheddar, feta, low fat 

etc.) 
.. whether it is 
.. 
.. 

in 

record 

.. 
• 

Try and be as ..;:, ....... ::.I"'ITI 

the reliability of the 
over...describe than under-describe as this will'n"IJnf'r\\/lO> 

If you are not certain 

Sacha West 
Tel: 686-

the back of the page if necessary. 
anything, contact me immediately. 

sachaw@sports.uct.ac.za 
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NAME: ______________ __ 

! Time: I Food/beverage ty I Description/brand name or Amount: 
ion: 

Is this representative of your USUAL daily intake? 
Yes No 

.... ~/training . Time (minutes) 
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The items can spread throughout the day as 

ml) of milk/yoghurt 
sugarfJam/syrup/honey 

• 500 ml carbohydrate d (caffeine Fanta/Refuel or 750 ml 
or ml Powerade 

'" like marmite/bovril/fish dressing, , sauces & gravy can 
included as you like. 

'" Diet drinks and e.g. Tab can be included as you like. NO 
alcohol. 

bread OR 3 of bread + 1 banana 
porridge + 1 bread 

2 cups + 1 slice bread 
(sugar/jam/milk from allowance) 

OR3 bread and 1 slice as a mid-morning 

Snack (mid- 1 fruit (size of tennis bailor 2 golf 

Snack 
afternoon) 

Milk/yoghurt/drink from allowance 

+ 

2% 
OR 

x thin slices, a 
ham/chicken/beef/tu rkey roll 
drumsticks or 1 thigh (60 g, 

bread + 1 big 
can be as a 

letluce/tomato/cucumber/mushroom) 

(+jam/honey/syrup) 

OR 2c 
........ ~""t .... + 1 c veggies 

I-i ..... ,~""t('\ccc + 1 cup sweetcorn 

+ 150 g meat of 1 % x of cards) OR 1 g chicken (1 
breast + 1 drumstick) OR 200 9 fish 

+ veggies .lettuce/tomato/cucumber/mushroom) 
(optional) 

© Amanda Claassen. RD (SA) 0823735589 

** weights are vV'''''r\<:''U weights 

306 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix 12 - Caffeine study training information 

MRC/UCT OF UNIT 

Training History 

Name: Subject Code: 
Date: Study Code: 

Instructions: are interested in finding out more 
and activity. the fol/owing \.Iu<;;.;;}tlV, as List 
any in which you regularly in the for how long and 
how you participated. 

LEISUR ACTIVITY HISTORY 
I Time/Age Period 

15~20yrs 20-25 yrs 25-30 yrs 35-40 yrs 
Activity/ yrs I mosl I hrsl I yrs 'I mas! hrsl yrs 

I 
hrsl yrs I mosl hrsl 

Sport yr wk yr wk wk yr wk 

I I I 
I I I I 

I I 
I I I I I 
I I 
I I I I 

I I 
I I I 

For office use I I I 
, 

Time/Age Period 
I 40-45yrs I 45-50 yrs 50-55 yr.s I >55 yrs 

Activity/ I yrs mosl 1 hrsl yrs I mosl I hrsl I yrs sl I yrs most 1 hrst 
'" yr wk yr wk wk yr wk 

I I 
I 

P I 

j 
I I 
I I 

~ 
I I I 
I I 

Examples of sporting activities include: 

1. jogging 10. aerobic 19. 
swimming 11. martial arts 20. skating 

3. 12. voUeybaH 
4. walking 1 strength& training 
5, squash hiking 

badminton rock climbing 
1 

'football/soccer 17. golf 
'9. rugby 18. 
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TRAINING HISTORY 

Sporting Activity: 

Complete following 
the past 10 years. 

where: 
.. Distance where applicable; 
**Races or matches; 

sporting activity 

participated in regularly over 

L..IUL.CU. yes or no; 
lasting more than 3 months 

Sporting Activity: Age sporting activity 

you have participated in regularly over 

1. 

where: • Distance where applicable; 
"'Races or m::::I'f'hjOl.<;' 

# Interval or high-intensity training included, yes or no; 
## Injuries lasting more than 3 months 
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I TRAINING DIARY I Name: 

Use one row boxes for each type workout (you can have a num of workouts on one day). 
put any comments in the box the bottom of the Link the comments to the sessions. 
I 

Show the date 
and lime of the I A AM \ 

~ session, P"'PM 
I 

I 
V 

lime type of 

~..:::.;:.'--~,;.;..;r~-,--'-'-"--, A or P session 

~----'----l 0 0 

day month year 
~~--~-.--.-~--, 

day month year 

time 
AOT P 

lime type of 
A or P ses sion muSCles 

I~-----------'---I D D D 

type of muscles 

o 

Comments 

duration of Approx. distance 
workout (min) , covered 

D 
duration of 

10 11 12 

duration of 

D 
duration of 

D 

effort 
VHME heart-rale range o ITO-ITO 

14 15 16 

I 

17 18 19 

I 
effort 

heart· rate range 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix 13 - Caffeine study performance aata 

310 
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: 10.5 10.5 

-------~----~~-~-:-.-- ., 

: 20.5 t : 20.5 

I 

~-------- - -,-----

-----~~~~---------t-----
: 21.5 

· I 
24 

I ,,0.5 

.5 

44 

• 52.5 : .52.5 
, 
r------------ -1- ..... ----

" I 

j 

: 60.5 I 60.5 

· - i .5 - - - - - - - -. - -
I 

-------~ I 

: 72.5 
... _ _ :';'1_ ' __ ' ___ '''; .;. .... _--.;-_ ... 

I 60.5 180.5 

;5 - - - - - --------_._-- -------~ ------

---::::::--;83~-::::::-:1:-:::::::--- - ... -I ... ___ ........ _ _ 

I 132.5 

199.5 99 99.5 

1{}O 
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Appendix 14 - Caffeine study data 

r Time TT1 TT2 TT3 

File 

I I 
5 I I 

10.5 
1 

22.5 
I 

32.5 

42 

52.5 I I 

55 
I 

62 

72.5 
I 

I 

82 
I 1 

95 
I 

99.5 
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Appendix 15 - Wingate study subject information and informed consent 

s INFORMATION 

study, the South is 

investigating neuromuscular activity high intensity 

following measurements and tests will be performed: 

Anthropometry: height and fat %. 

Isometric max: Maximum contraction of the on Kin 

Com 

Wingate of h intensity 

be taken whilst on the Kin cycle 

electromyography ',",vU"'" Femoris and power output. 
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INFORMED CONSENT 

I, the , voluntarily to. in this study. I wi!! 
withdraw from the study at any moment, without having to justify my UC;,." .... ·UI 

I will ask questions about the and of the 
study. I understand that I will R50 on completion of trial as 
remuneration. 

I nstitute of South Africa or any of the investigators is in no 
or damage by me as a result of the trial. 

I, undersigned, have and understood and 
involved in the study. 

Signature: 

Investigator: 
Signature: 

Date: 
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Appendix 16 - Wingate"study data 

Wingate 

315 
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Appendix 17 - Filtering of electromyographical data 

function 

This reads in and gets 
contact mark.omaBey@ucd.ie 

a cycle 

load b:\s5t3nl 

starttime=O; 
endtime=5.00; 

ott~;et=l ; 

Low 

1984/2); 

High pass 

Beginning algorithm 

% removing the mean 

Here it can high pass 

[b,a ]=butter( nfil th, wch:high'); 

y = filtfilt(b,a,y); 

rectifying 

Low filter 

[b,a ] =butter(nfiltl , wcl); 

be sure to filter in both directions to sure 
pended to filter TOT"UTJ:'ITn<o; 
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for 1)110): 

yout(i)=y( 1 

end 

1 )/1 
t=tJ(size(y, 1)/1 0); 
t=t*(1 0)*(1); 

yout=yout'; 

t=tl; 
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Appendix 18 -Electromyographic fourier transformation algorithim 

samp= 1 %sampling rate in Hz 
durn=1.0; %duration of secs 

1, %number subjects 

fld =Tr' .... p·nl 

k=zeros(subj,500*dum); 
EMG=zeros(2*subj,samp*durn); 
q=zeros(2*subj,500*dum); 

:2*subj; 
'%f,inf); 

EMG(i,:)=(z(l :samp*durn»'; 
end; 

fouriera=(fft(EMG'»'; 
1 

for :2*subj; 
for ] :500*durn; 
q( count,i)=sum(fourier( count, 1 :i»/sum(fourier( count,:»; 

end; 

for :subj 
x=abs( q( count* 2 -1,:)-.05); 

x=abs(q(count,:)-.95); 
ptb( count )=find( x=min( x»; 

for OO*dum:350*dum %pta( count):ptb( count); 
temp=abs(q(2*count-l,i)-q(2*count,:»; 
k(count,i)=find(temp--min(temp »; 

end; 
f=100*durn:350*dum;%pta(count):ptb(count); 
ratio( count)=mean(k(count, 1 OO*dum:3S0*dum)./f); 

end; 

3]'8 
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Appendix 19 - Filtering, calculation of amplitude (RMS) and fast fourier 
transformation algorithm for electrical data in the caffeine study. 

POO .pdf EM G t'roces~m 2.1 for 4.0 

function [] == poo(fileOI, file02, file03, file04, fileOS, file06, file07, fileOS, file09, 
filelO, fileH, file12, file13, filel4, filel filel6, filel7, filetS, filet9, file20, file21) 

usage: poo file.pdf <file2.pdf.> <file3.pdf.> ~UJ'''''''' .. ''''U 

It has, however, been 
1-1"' .. ,0. ........ ,"'" it is only to run this on know to 

been sampled at 1 program should nonetheless tell you the 
not sampled at this rate. First you prompted for length 
secon<lS that you wish to process. 

POO then the data contained file.pdf. you will be to 
an area of interest on graph processing. left hand side the graph 
will the start of the period that you for processing. Keep an on 
the graph's title - it will timing infonnation. The button on the bottom left can 

used to see the data not on screen that will when is pressed. 
Alternatively one can just enter the start time at the prompt. 
POO will then plot the selected raw the filtered and the EMG spectrum. 
If a filename is the will for that and the 
frequency shift of the second selection will be expressed as a percentage of the 

that same of will taken the second as 
If you want to compare data from different parts the same me, enter 

filename twice on the command argument. 

If more files are specified, the spectral of these files will be expressed tenns 
of the frequency of the first 

other words, 
EMG SHOULD CONTAIN THE NORMALISATION EMG 

DATA 

A table ratios of pertinent data is then outputed to the screen and to an ascii 
The default file name is resuhs.txt and is in the root directory. c:\results.txt 

The 

A 3dB @ 1 Butterworth high pass to remove the low T ...... ..-.n':>nr·" 

motion artifact. Note that this was used For <: ..... tnp1,nr 

a frequency is advisable but not 
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POO Flexcomp .pdf Processing 1 for MATLAB 4.0 

IS 

program could .. eo",,,,.., ... ,, ... ,,, 
the required answers and 

function U = poo(fileOI, 
fileW, fileH, filet2, 

poo 

file03, file04, file05, file06, file07, ..... 'vu. 

filel4, filet5, filel6, filel filetS, file19, 

<file3.pdf> <file4.pdf> ... <file21.pdf> 

It has, been written without any definite header 
it is only recommended to run this utility on data that you know to have 

sampled at 1984Hz. program should tell you if has 
sampled at this rate. you will for the 

you wish to nt''''\I''::'''C~ 

you will be to select 
processing. hand side of the 
that you specified for processing. 

timing information. button on the D01[tOlm 

to see the data not on screen that will be when 'return' is t'\t''''C~'>'' 
one can just enter the start time in at the prompt. 

then plot the raw EMG, and the 
sec.ono filename is process will that file, 

of the selection will 
srunole length of data will taken from the 

If you want to data from different parts of the same enter 
twice on the command line argument. 

are specified, 
spectra 

shift 

CONTAIN 

will be eXI)ressed terms 

NORMALISATION EMG 

of ratios of pertinent data is then outputed to screen and to an 
file name is and is in the root directory. i.e. 

mean is .. "' ...... """,""''"' 

A@ 15Hz Butterworth high pass filter to remove the low +"",,",n.,,,,..,,,..,, 

motion Note that filter was used for EMG. 
a lower cutoff frequency is but not ne,ces:saJ"Y 
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signal is then """"un_,-, 

Finally the data is subsampled 
names(l,:) == 'fileOl'; 

= 'file02'; 

IS a 2nd @ 

the digital This 
the at the same .:>v\:;,,,,u. 

order filters, which means that 
moved to about 184Hz the 

that are all and don't reopen files 

== debJank(filez(i,:»; 

fidO) :::: fopen(filename,'r'); 

elseif(strcmp(fiJez(i,: ),filez(i-l,:) »; 
fid(i) == fid(i-l); 
else 
fid(i) fopen(filename;r'); 
end 
end 

are a which will prompt the user when errors or .... ,,·"' ... ·"' ... 01 

nr'~<Tr!> ...... then out error 

disp(' J means display to the user; 
is the user type their commands 

dispCRemember: Flexcomp pdf are in directories the same as their 
number.') 
first IS session, second number the 

number,'); 
disp('Example: c:\flexpat\fredO 1 \0003_02. pdf -> 

'); 

Jump in bits into the file read I 

fredO 1, session channel 2 

to be sampling rate marker 
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fseek{fid(i),28, 
temp:::: fread{fid{i),6, 
if{sum(abs(temp») 
disp error(This file 
end 

- [0 8 33 4 0]'; 

"'nr .. '·<:>," to have 

Jump in 150 bits into the 
fseek(fid(i),150,'bof); 

Read data. long 
also determined empirically by 

its start 

1 e-6 * fread(fid(i), 

at 1 Exiting .. .') 

ADC to volts. It was 
by 

Find out total of samples, along with other info and output to screen. 
datalen(i) :::: length(EMGdata); 
datamax(i) == max(EMGdata); 
datamin(i) = min(EMGdata); 

disp(['File no. " num2str(i),' C, deblank(filez(i,:»,'), samples: 
',num2str(datalen(i»,', EMG Max: ',num2str(datamax(i», EMG 
',num2str( datamin{i», 'V' D 

Create a vector for plotting 
time:::: (O:1I1984:{datalen(i)-1)/1984)'; 

= max(time); 

Plot out data, one on a <:!PT,,,,r"',TP figure. figures are plotted through the 
MA TLAB 4 program. 

figure 
plot(time,EMGdata) 
xlabel('time (sees)') 
yJabel('amplitude (volts)') 
title(['File no. ',nu m2str(i),': ',filez(i,:) D 

'XLim',[O timemax(i»)) 

Here we all variables except we need. We do 
Important: clear EMGdata time temp ans global tselection i 

Loop through all the 
for i = 1 ......... 1">". 

out of memory 
EMGdata timemax 
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Load in the from the current file 
fseek(fid(i),150, 'bof'); 
EMGdata O.20757511668611e-6 * fread(fid(i),'short'); 

= (0:111984:( datalen(i)-1)11984)'; 

The run, the amount of data to pH)Cessc::a is decided. 

Prompt for the user and all comments marking statements executed when i= 
are marked N. . 

1) 

N Blurb user 

displayed on separate Specify the amount data 
of the screen that you wish to Maximum 
data set') 

dispCHitting <return' will select the displayed for processing.') 

tselection input(['ENTER IN (max ',num2str(min(timemax)),'J: 

N is not too large 
while (tselection > min(timemax» 

') 
= input(['Time specified too large. Enter number 

',num2str(min(timemax»,') (ctrl-c to quit): ']); 
end 

. N Decide mode we are going into ... fixed time or screen selection 
if(isempty(tselection» 

= 0; 

disp('Only plotted will 
else 
mode = 1; 
disp(['Now prOiceSSang 

the 

N Plot EMG ,-,U(1HU'-'J 

figure; 
plot(time,EMGdata) 

left hand 

and start selecting start appropriate) the 
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ylabel('amplitude (V)'); 
xlabel('time (s)'); 

'XLim', 10, timemax(i)J); 

zoom xon 
zoom(l) 

'units', 

for 
of plot and 
::::: 1; 

not_happy) 

is just to data on cursor 
small buttons on the bottom 

dispCClick and drag so of corresponds to the 
desired start the EMG mouse button zooms out:) 

set(gef, 'WindowButtonMotionF en', 'axisUmits=get(gea, "XLim fI);mainsereen = 

get(O, "PointerLoeation It);thefigure = get(gef, "Positionlf);jiggerypokeryl ::::: 
[mainsereen(l) 8 thefigure(1),mainsereen(2) 8 

thefigure(2)];jiggerypokery2=get(gea,"CurrentPoint");title([num2str(axisUmits( 
I»," to",num2str(axislimits(2»," sees displayed, now at 
II ,n um2str(jiggerypokery2(l», II sees. "]) '); 
if(mode) 
uieontrol('String' ,'View Proposed Data' ,'Position' ,[20, 140, 
20],'Callbaek', "XLim");g]obal tselection;set(gea,"XLim",[v(1) (v(1) + 
tselection)]); '); 
uieontrol('String','Reset Plot' ,'Position' ,[160, 100, 20],'Callbaek' ,'global 
EMGdata timemax i;plot(time,EMGdata);set(gea, "XLimfl ,[0 
timemax(abs(i»]);zoom xon;grid on;ylabeJ("ampJitude (V)");xlabel("time 
(s)");set(gef,"WindowButtonMotionFen", 
"axislimits=get(gea,"I'XLim"");mainsereen = 
get(O, n"pointerLoeation "");thefigure = ""Position In ');jiggerypokery 1 = 
[mainsereen(l) 8 thefigure(1),mainsereen(2)­
thefigure(2)];jiggerypokery2=get(gca,""CurrentPointltl ');title«(num2str(axisUmi 
ts(l»,"" to "",num2str(axislimits(2»,"" sees displayed, now at 
fI" ,num2str(jiggerypokery2(1 », "" sees.""])"); '); 
end 

if (mode) 
ch«)Os:etlme = input('Press return when 

disp(['Press 'return' when satisfied']) 
pause 

or enter a time: '); 
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N Now find out what 
This gets start 

vv(:,i) = get(gca, 'XLim'}'; 
if(-isempty( choosetime) 
'\'"v(l,i) = choosetimej 

N the limits if a specific amount 
if(mode) 
w(2,i) = vv(l + tselection; 
end 

if (vvO ,i»timemax(i)) 

on the plot 

was 

dispCThe start time is after end of the data sequence') 

N that in the case of screen selection 
the smallest sequence 

eJseif( w(2,i)-w(1 ,i»min( timem ax» 

disp([The screen selected data is 
',num2str(min(timemax)),' sees.']) 
disp(,Please select a data 

than an 

') 

N Check the calculated end point is 
elseif (w(2,i) > max(timemax(i») 

,",u,",,,u!", time the 
if(mode) 

= []; 
disp('Please select an 

disp('Please 
end 

an 

we_are_not_happy 0; 
end 

of loop 

start to the 

start to data 

we are in plotted data only mode, detennine 
if«-mode)&(i=l» 
tselection = w(2,i)-w(1,i); 
end 

figure 

the end of the where the time of 
normalising is obtained. 

that time selected is less 

other EMG 

the data sequence 

is outside range of the 

tselection time for r" ... -tt", ... files 

is ae:C:Iut::u the 

') 
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have a 
normalised. 

setup now to process that contain 

All comments in this 
same process with 

are marked by It is the 
lT1:~ ....... , ... 1" error and no time selection. 

for user 

disp(['Now file number ',num2str(i),' called' :)]) 
disp([num2str(vv(2,1)-vv(l,1)), 'second(s) will 

D Plot the EMG channel 
figure; 
pJot(time,EMGdata) 
title(['Recorded EMG data in file " num2str(i),': ',fiJez(i,:),'.']) 
ylabel('amplitude (V)'); 
xlabel('time (s)'); 
set(gca, 'XLim', [0, timemax(i)]); 

for 
position of plot and 
we_are_noChappy = 1; 
while(we_are_not_happy) 
zoom xon 
zoom(l) 
set(gcf,'units' ,'pixels'); 

dispC ') 

tricky is just to 
that small button 

to 

on cursor 

dispCClick drag so that left hand of the data to the 
ae~;ue:a start of the selection. mouse button zooms out.') 

return when satisfied.') 
set(gcf, 'Window ButtonMotionFcn', 'axisJimits=get(gea, "XLim I');mainsereen :::: 
get(O, "PointerLoeation ");thefigure = get(gcf, "Position ");jiggerypokeryl :::: 
[mainsereen(l) - thefigure(I),mainscreen(2) -
thefigure(2) J ;jiggerypokery2=get(gea, II CurrentPoint");title( [n um2str( axislimits( 
I»," to ",num2str(axislimits(2»," sees displayed, now at 
",num2str(jiggerypokery2(1»," sees. "D'); 
uicontrol('String' ,'View Proposed Data','Position' ,[20,5,140, 
20],'CaJlback','v=get(gca,"XLimn)jglobal tseleetion;set(gca,"XLim",[v(l) (v(l) + 
tselection»)); '); 
uicontrol(,String', Plot','Position',[160, 5,100, 20],'Callback','global 
EMGdata timemax i;plot(time,EMGdata)jset(gca,"XLim" ,[0 
timemax(abs(i»])jzoom xon;grid on;yJabelC'ampHtude (V)");xlabel("time 
(s)");set(gcf,"WindowButtonMotionFcn" , 



Univ
ers

ity
 of

 C
ap

e Tow
n

");mainsereen = 

get(O~"IPointerLoeation "");thefigure ::::: ""Position"");jiggerypokeryl ;;;;: 
[mainsereen{l) - thefigure(1),mainsereen(2) -
thefigure(2)] ""CurrentPoint"");title([num2str(axislimi 
ts(l)),"11 to '''' ,num2str(axisJimits(2»,"" sees displayed, now at 
"" ,num2strUiggerypokery2(1»,ltlt sees. till])");'); 

Now 

This just 
vv(:,i) == 

pause 

out what 

'XLim')'; 

A selection is at 
vv(2,i) ::::: vv(1 ,i) + 

on the plot 

Check that calculated point is within the 
if (vv(2,i) > max(timemax(i))) 
disp(' ') 

else 
we are 

end while loop 

Close the 

END OF 

== 0; 

data sequence is outside 
sequence.') 

range 

then take raw data - this business adding two small lrnmonal 

data. 

to both limits is to make the likelihood of selecting exactly a sampiing as the 
of the which will result in that time having -one more sample 

""''');:)UJ'~ up the analysis. This 'Can happen one chooses zero time as 
EMG data selection. 

= fin d( (ti me<=vv(2,i)+pi/3000000)&( time>=vv(1 ,i)+pil3000000»; 

EMG:::: 

so good, we have 
original loop at 

our data­
very top. 

one at a (we are 
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Plot the raw EMG in the top of the figure 
figure 
subplot(3,1,1); plot(time(min(index):max(index»,EMG) 
title(['Raw Selected EMG']); 
ylabel('amplitude (V)'); 
set(gca,'XLim' ,vv(:,i»; 

Then get the linear envelope and find the area under the curve and RMS 
We process using the zegait.m file algorithms. The foHowing is a slight modification 
of that file 

Start of zegait.m 

Low pass filter characteristics 
nfiltl=2; 
wd=S/(198412); 

High pass filter characteristics 
nfilth=2; 
wch=lS/(198412); 

Beginning the algorithm 
y=EMG-mean(EMG); removing the mean 

Here it can be high pass filtered 
[b,a ]=butter(nfilth,wch, 'high '); 
y = filtfilt(b,a,y); 

RMS(i) = sqr1(mean(y."2»; 

y=abs(y); rectifying the signal 

Low pass filter 
Ib,a ]=butter(nfiltl, wcl); 

Be sure to filter in both directions to make sure the filtered data has zero phase. 
Make a data vector properly pr-e- and ap- pended to filter forwards and back 
so end effects can be obliterated. 
y = filtfilt(b,a,y); 

yout = y(1:10:length(y»; 
tout = time(min(index):10:max(index»; 

End of zegait.m 

Plot the envelope 
subplot(3,1,2); plot(tout,yout); 
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title(,Filtered selected 
ylabel(' amplitude'); 
set(gca,'XLim', vv(:,i)); 

Calculate the area under 
area = 

for nn :::: l:size(tout)-I; 

'); 

curve 

arrea = arrea + (tout(nn+1)-tout(nn» * (yout(nn) + (yout(nn+l)-yout(nn»/2); 
end 
area(i) :::: arrea; 

Output this to the screen 
disp(['RMS is " num2str(RMS(i)), '.'J) 

calculate-the cumulative power 

Now we the spectrum our 
fEMG::::fft(EMG); 

We plot the All code just makes sure the correct frequency 
is displayed. the Matlab demo to find out more. 
fEMG(I) == 0; 
n == length(fEMG); 
if(rem(n,2)-=0) 
n = n - 1; 
end 

Note that the amplitude variable stores the amplitude information file 
in command argument. 
amplitude(:,i) :::: abs(fEMG(l :n/2»; 
nyquist = 1984/2; 
freq :::: (1 :n/2)' l(nl2)*nyquist; 
subplot(3,1,3); plot(freq, amplitude( :,i» 
title('SeJected frequencies'); 
yJabel('ampJitude'); . 
set(gca,'XLim" [freq(l) freq(Jength(freq»)); .. 
xlabeJ('frequency (Hz),); 

we recJear all the data which the next run through. We {)n to the 
frequency if there are files to be compared later 
clear global EMGdata 
dear global time 
global time EMGdata 
end 

3 
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