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“‘Our deepest fear is not that we are inadequate, our deep fear is that we are powerful beyond
measure. It is our light, not our darkness, that most frightens us. We ask ourselves, who am | to
be brilliant, gorgeous, talented, and fabulous? Actually who are you not to be? You are a child
of God. Your playing small doesn’t éerve the world. There's nothing enlightening about
shrinking so that other people won't feel insecure around you. We were born to manifest the
glory of God that is within us. It is not just in some of us, it's in everyone. And as we let our own
light shine, wevuncénsciously give other people permission to be the same. As we are liberated

from our fears, our presence automatically liberated others”

Dr. Martin Luther King Jnr.
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ABSTRACT

Training techniques to improve cycling performance in well-trained cyclists.
Zuko N. Kubukeli, Medical Research Council/University of Cape Town Researéh Unit
on Exercise Science and Sports Medicine, Department of Human Biology and Sports Science

Institute of South Africa, Private Bag x5, Newlands, 7725, Cape Town, SOUTH AFRICA (2001)

Whi!e the physiological adaptations to endurance training have been extensively characterised
in previously untrained subjects, far less is known about the responées to sustained high
intensity interval training (HIT) in well-trained and elite athletes. Therefore, the aim of the thesis
is to befter understand the physiologiéal responses of well-trained cyclists to selected

laboratory performance tests and road racing during training and taper.

The physioiogicél responses to a variable-intensity test, a conventional linear ramp test and
their relation to road cycle racing performance in well-trained cyclists, training ~ 200 km/wk with
Woeak values of ~ 400 W was examined. The effects of 6 HIT sessions, consisting of 3-4 x 15
min‘ rides at 70% of Whpeax on simulated, 100 km time-trial (TT100) performances in addition to
their endurance training was also evxaminved. Previously, the repbrted training dl.lfationé and
intensities of 16 elite triathletes over the six weeks leading to the national championship were
analysed. Following the HIT program, the effects of a 50% reduction in the frequency‘ of high-
intensity vinterval training (HIT) over 1, 2 and 3 weeks in two groups of 16 and 6 male
competitive cyclists (VOzpeak > 65 mL.min-'.kg- or 5-7 W.kg") were examined. Heart rate data,
peak power, muscle strength, electromyographic measurements, fuel substrate utilisation and
lactate values at submaximal work loads, road cycle racing and laboratory 100-km time trial
perforrhances recorded during the various phases in their training and taper was compared to

establish whether there are physiological differences in the responses of athletes similar in



cycling ability and secondly if these responses are altered by training and taper. After 6 weeks -

of habitual endurance training, the same laboratory measurements were made.

The correlation between the cyclists’ initial declines in heart rate following both the linear ramp
and the vaﬁabie—intensity exercise tests, and their rankings after the road race was significant
(both r =-0.93, P < 0.01) and more rapid in the better cyclists. Road cycling performan.ces also
tended to be related to the cyclists’ Wpeak and % of Wpeak at 4 mmol-L-1 plasma lactate

concentration (both r = -0.75, P < 0.05).

Training perfqrmed in the 2-week taper period before the competition was reduced to a mean
of 48% (39 to 60%, P = 0.0001) of the training performed in the 6 weeks prior to the
competition. Training time was reduced at all the intensities and surprisingly training at the hard
intensity Was significantly reduced during the 2-weeks prior to the competition. However, the
correlation between the reduction in training time “taper” in the 2-week period and personal
best performance in an Olympic-distance triathlon was not significant (r =0.4d) in this group of

triathletes.

Six HIT sessions at 70% of Woeak had no immediate effect on 100-km time trial (T T100)

- performance. Time frial performances only improved significantly from 38.1 + 3.0 km/h pre-HIT
t0 40.2 £ 2.7 and 41.1 £ 2.6 km/h (P < 0.05) when HIT frequency was reduced by 50% over 1-

2- and 3-weeks. The improvements in TT1g0 were due to the cyclists being able to sustain

significantly higher absolute (228 + 32 to 258 + 41 W) and relative work rates (58 + 6% 10 66 +

7% of pre-HIT Wpeax values during the TT1qo rides (both P < 0.001) after a 2-week taper. There
was a significant linear relationship between Wpeak and 2-week taper TT1o0 performance (r =
0.81; P < 0.05) but the relationship did not reach significance for the cycle race (r=0.74; P =

0.08) and VOgzpeak during taper (r = 0.72; P = 0.11).



The isokinetic peak force during a maximal voluntary contraction (MVC) was significantly

- reduced by the HIT program from 695 + 148 to 572 + 131 N and further reduced to 555 + 107

N after 2 Weeks of taper (P < 0.03). The electromyographic (EMG) activity and spectral shifts

- during the TAPER MVCs were not significantly affected by the intervention, although there was
a tendency during the taper measurements for the spectral shift changes to be lower than
during the PRE, POST and 6 WEEKS MVCs measurements. EMG éctivity, plasma lactate
concentrations, rates of carbohydrate oxidation and heart rate responses to submaximal
cycling workloads were not significantly altered by training and faper. ‘After 6 weeks of habitual
endurance training the TT1go performances, and the physiological responses to submaximal

workloads and MVCs were reduced to pre-HIT training values.

In conclusion, it can be concluded from this series of studies is that performances in mass-start
road races may not only be related to the cyclists’ ability to sustain a given power output but
also to recover rapidly from high work rates. The triathletes in the present study reduced their
high-intensity training during the 2-weeks prior to the competition significantly while scientific
recommendations suggest a maintenance or incréase in high-intensity training during taper.
Short term (4-6 weeks) HIT followed by a 2-week taper significantly improved cycling
endurance performance in well-trained cyclists. These improvements in performance after
training and taper were associated with higher sustained absolute and relative workrates,
reduced isokinetic peak force, and faster recoveries after high-intensity workloads. Proposed
mechanisms on how tapering optimises performance remain speculative, it is suspected that
optimum taper depends on the intensity of the athletes' preceding training and their need to

recover from exhaustive exercise in order to compete.
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CHAPTER 1

INTRODUCTION

There often is a “weak-link” between the research that is carried out in the laboratories and

what athletes are practicing in the field. it is widely acceéted that there is a need for laboratory- -
based exercise tests that simulate and mimic competition or field situations. When athletes are
examined in a laboratory, they often perform progressive exercise teéts to exhau_stion.‘ These
conventional linear exercise ramp tests to exhaustion are designed to measure rises in plasma
lactate concentration and peak rates of oxygen consumption. Differences in lactate
concentrations at sub-maximal work rates and in VOzpeax values at exhaustion serve as
indicators of whether athletes are “recreatiohal", “competitive” or “elite”. However, lactate
concentrations and VOapeax values are poor predictors of endurance performance among more

homogenous groups of athletes.

Conversely, in the competition arena, especially at the highest level, the pace or power
required is never increased or decreased linearly or exponentially as the time and distance
elapse. Field and cdmpétition endurance performance is characterized by large, stochastic
changes in power and intensity that are heavily influenced by tactics (Jeukendrup et al. 2000;
Padilla et al. 2000), environmental conditions (Palmer et al. 1994; Padilla et al. 1999),
competition standard and pérformance requirements during competitipn. The widely used
laboratory tests are short, progressively fatiguing tests that tell us little about the competition-

fitness of well-rained individuals.
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Owing to the limited literature that is available on the physiological basis of endurance training
techniques employed by professional cyclists, Hawley and Stepto (2001) have presented a
theoretical model on the major training-induced adaptations in skeletal muscle that are likely to
determine and improve performance capacity in elite cyclists. These authors concluded that the
high volume and high intensity training performed by these athletes results in small measurable
physiological adaptations while performances in compétition puts these athletes in a select elite

group.

In the increasfngly competitive sports environment, the smallest edge éan create the most
telling advantage. To secure it demands_tireless research and profound analysis. The major
problem facing today’s scientists, is recruiting and then cénvincing already-elite athletes to
‘ﬁfstly, give of their time for scientiﬂc testing and secondly, to comply to a laboratory-derived
}tra‘inin’g program. There are very few anecdotal accounts of athletes whose successes on the
sports arena have been based on [aboratory training and tésting. On the contrary, the tests are
often disruptive' to the athlete’s macro or micro training program and too invasive to be carried

- out with the necessary frequency to have any real value to the athlete and coach.

Training questionnaires and diaries provide the scientist with data that can be used to better
design research that is both relevant and applicable and for the athlete and coach, and the data
can be used to make training systematic with the primary aim of enhancing cornpetition
performance. The reliance on day to day subjective recording of training and questionnaire-
based recall research is not ideal but often, is the only way of quantifying the training load of

that athlete. Many different types of training diaries and questionnaires héve been validated

With an incorporation of the subjective interprétation of intensity. However. training diaries can
pose prbbiems if athletes are réquired to comply over a lengthy training period since thve quality |

of the data generated can be questionable and be quite substantial. Poehlitz (1988) has



12

suggested that diary sheets should be designed to allow athletes to record their responses

directly into boxes ready for entry into a computer.

O'Toole (1988} in her study of recreaﬁo'nal and moderately- trained triathletes in preparation for
the Hawaii Ironman Triathlon, attempted to find systematic differences in training, particularly in
distance and pace, according to finish time. The time spent training and the intensity of the
training by athletes, similar in ability, varied by as much as 50% of their training volume, Based
on training data from the athletes in the study she was able to quantify the minimum amount of
training required to complete the race in under 10.5 hours, while pointing out that adequate
amounts of training are not a guarantee of successful completion of the Hawaii Ironman and
cannot make up for inappropriate race strategy. Many of the athletes in her study were able to
compléte the race on very little training while others trained almost twice the recommended

distances.

Many athletes are ofteri in a predicament of wanting to reduce the negative fatigue effects of
training while also wanting to maximize the positive effects of training with the primary aim of
enhancing performance. Often as the competition date draws nearer, athletes cannot resist the
urge to train harder and more ffequentiy. To do the opposite takes confidence inrone‘s training

and ability.

There are numerous anecdofal accounts of athletes, especially endurance athletes, that
manipuiate the various components of training namely; voiume, frequency and intensity, in

“order to achieve a peak in performance during competitions throughout a season. The training
is usually altered in the period, typically days and/or Weeks. prior to a major competition.

Common to most athletes' training routine is a reduction in training volume and frequency
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leading up to a corpetition. These reductions in training volume and frequency have been
shown to be accompanied by slight increases (Costill et _al. 1985; Johns et al. 1992; Shepley et
al. 1992; Houmard et al. 1994; Mujika et al. 1996b), or decreases (Hickson et al. 1985; Neufer
et al. 1987) or maintenance (Houmard et al. 1989, 1990; Wittig et al. 1989; Hooper et al. 1998,

1999; Mujika et al. 2000) in performance.

It is still under debate as to what length of taper is optimal, what should be reduced during
taper and what combination of the training components, i.e. frequency, intensity, volume,
should be manipulated. More recently Zarkadas et al. (1995) and Banister et al. (1999) have
raised questions to Whether the reduction in training shduld be in a single step, progressive or
ex'ponential fashion. For the most part, research in the area of tapering and the effects of
training on performance has played a retrospective role, trying to explain why certain already

accepted practices work.

Recently Jeukendrup et al. (2000) have suggested nomenclature and criteria as to what
constitutes an ‘untrained’, ‘trained’, ‘well-trained’, ‘elite’ and ‘world class’ cyclists. These
investigators propose classifying these athletes/subjects largely on the amount of training
undertaken, racing status and physiological cﬁaracteristics from selected laboratory tests. In
line wifh these guidelines the cyclists in the current series of investigations are mainly from the

‘well-trained’ group with a few cyclists in the ‘trained’ and ‘elite’ groups.

Training research on fhe ‘untrained’ and ‘trained’ athlete population is extensive and well
reviewed, while research on the ‘well-trained', ‘elite’ and ‘world class’ athlete is limited. Further
research will be of great beneﬁt to both athlete and scientist if the athlete’s fraining can be
accurately qdantiﬁed and for laboratory performanée tests to be a closer simulation of field

performances.
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Appendix 9.7

Electromyographic activity analysis

The language used by the programmers in writing the program is quite simply and easy to
follow. The writing in bold are commands that the program could recognise. There are three

parts that have to be followed in order to get the required answers and analyses.

PART 1

function [] = poo(file01, file02, file03, file04, fi!eOS, file06, filel7, file08, file09, file10, file11,

file12, file13, file14, file15, filé‘le, file17, file18, file19, file20, file21)
usage: poo file.pdf <file2.pdf> <file3.pdf> <filed.pdf>...<file21.pdf>

POO is great. It has, however, been written without any definite header information.
Therefore it is only recommiended to run this utility on data that you know to have

been sampled at 1984Hz. (The program should nonetheless tell you if the EMG has not been
sampled at this rate. First you will be prompted for the length of data in seconds that you wish

to process.

POO then plots the EMG daté contained in file.pdf. Next, you will be asked to select
an aréa of interest on the graph for processing. The left hand side of the graph

will be the start of the time period that you specified for processing. Keep an eye on
Athe graph's title - it will give timing information. The button on the bottom left can

be used to see the data not on screen that will be selected when 'return’ is pressed.
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Alternatively one can just enter the start time in seconds at the prompt.

POO will then plot the selected raw EMG, the filtered EMG and the EMG spectrum,

If a second filename is specified, the process will repeat for that file, and the frequency shift of |
the second EMG selection will be expressed as a percentage of the first. Note that the same
sample length of data will be taken from the second file as from the first. If you want to
compare data from different parts of the same file, enter the ﬁien‘ame twice on the command

line argument.

If more files are specified, the spectral shift of these files will be expressed in terms
of the frequency spectra of the first file.

In other words,

THE FIRST EMG FILE SHOULD CONTAIN THE NORMALISATION

EMG DATA

A table of ratios of pertinent data is then outputed to the screen and to an ascii file.

The default file name is results.txt and is in the root directory. i.e. c:\results.txt

Filtering Information (as by zegait.m):

The signal's mean is removed.

A 2nd 3dB @ 15Hz Butterworth h'igh pass filter is used to remove the low frequency motion
artifact. Note that this filter was used for gai’t cycle EMG. For isometric work a lower cutoff

frequency is advisable but not necesséry.
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The signal is then rectified.

The signal's amplitude envelope is calculated using a 2nd 3dB @ 5Hz Butterworth low pass

filter. -

Finally the data is subsarnpled
names(1,?) = fle01"
.names(2,:) = 'file02";
names(3,:) = file03';
names(4,:) = 'file04";
names(5,;} = ‘file(‘)s“;
names(8,:) = 'file06";
names(7,:) = file07",

and soon...

SUBTLETY: The signals are filtered both i«fays through the digital filters. This means that all
the signal's freduencies will travel through the filter at the same speéd, |
leading to no distortion. This alsodoubleé the order of the filters, which means thaf

the 3dB cut-off points of the filtering have been moved to about 18 and 4 Hz for the high and

low pass filters respectively.

Open the files - check that they are all real - and don't reopen any files
fori= 1:nargin

filename = deblank(filez(i,:));
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if(i==1)

fid(i) = fopen(filename,'r');

elseif(stremptfilez(i,:),filez(i-1,:)));
fid(i) = fid(i-1);

else

fid(i) = fopen(filename,r');

end

end

There are a few commands which will prompt the user when errors or incorrect commands are

entered. The program then points out the error by displaying messages.

disp(" ) means display to the user;:

[ ]is where the user will type in their commands

disp('Remember: Flexcomp pdf files are stored in directories named the same as their

reference number.')
disp(‘The first number is the recording session, the second number is the channel number.");

disp(Example: c:\lexpatifred01\0003_02.pdf -> Patient fred01, session 3, channel 2 data.);

Jump in 29 bits into the file and read what | believe to be the sampling rate marker
fseek(fid(i),28, bof");

temp = fread(fid(i),6,'int8") - [0 8 33 4 58 0]
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if(sum(abs(temp)))
disp error(‘This file does not appear to have been sampled at 1984Hz. Exiting...")

end

Jump in 150 bits into the file from its start

fseek(fid(i), 150, bof");

Read in the data. That big long numbér converts from ADC valu_eé to volts. It was
also determined empirically by comparing max/min values with that provided by the
flexcomp program.

e.g. EMGdata = 0.20757511668611e-6 * fread(fid(i), short’);

Find out the total number 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),’ (', deblank(filez(i,:)),"), samples: ‘,num2str(datalen(i)),’, EMG

Max: ',num2str(datamax(i)),'V, EMG Min: ",num2str(datamin(i)),"V'])

Create a time vector for plotting

time = (0:1/1984:(datalen(i)-1)/1984)';
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timemax(i) = max(time);

Plot out the data, each one on a separate figure. The figures are plotted through the MATLAB 4

program.

figure
plot(time,EMGdata)
xlabel('time (secs)')
ylabel(amplitude (volts))

title(['File no. ",num2str(i),": " filez(i,:)])

set(gca,'XLim',[0 timemax(i)])

end

Here we clear all variables except the things we need. We do this out of memory

- Important : clear EMGdata time temp ans global tselection i time EMGdata timemax

Loop through all the figures

fori = 1:nargin

Load back in the EMG from the current file

fseek(fid(i), 150, bof);
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EMGdata = 0.20757511668611e-6 * fread(fid(i),'short‘);

time = (0:1/1984:(datalen(i)-1)/1984)';

The setting-up run, where the amount of data (in seconds) to be processed is decided.

Prompt for the user and all comments marking statements executed when i==1 only are
marked N.

if{i==1)

N Blurb for user

disp('The file(s) have been displayed on separate figures. Specify the amount of data in
seconds from the left hand side of the screen that you wish to process. Maximum time allowed
is the shortest EMG data set.’)

disp('Hitting ‘return’ will select just the displayed EMG for processing.’)

tselection = input('ENTER TIME IN SECONDS {max ',num2str(min{timemax}},’:

N Check the selection time is not too large here

while (tselection > min{timemax})

disp{' ‘)
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tselection = input(['Time specified too large. Enter number (max
' num2str(min(timemax)),’) (ctrl-c to quit): ');

end

N Decide which mode we are going info...fixed time or screen selection
if(isempty(tselection))

mode = 0;

disp('Only plotted data will be processed’)

else

mode = 1;

disp({['Now processing file number ',num2str(i),' called ’ filez(i,:)])

disp([num2str(tselection), ' second(s) of data will be processed starting from left hand side of

plot.'})

end

N Close down all the figures and start selecting the start (and if appropriate) the
data end-points

close all

N Plot the EMG channel
figure;
plot(time,EMGdata)
ylabel(amplitude (V));

xlabel('time (s));
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set(gca, "XLim', [0, timemax(i)]);

N Now a routine for data selection - the tricky stuff is just to give data on cursor
position in the title of plot and the small buttons on the bottom |
we_are_not_happy = 1;

while(we_are_not_happy)

zoom xon

zoom(1)

set(gef, 'units’,'pixels");

grid

disp('Click and drag so that the left hand side of the displayed data corresponds to the desired |

start of the EMG selection. Right mouse button zooms out.”)

éet(gcf,‘WindowButtonMotionFcn', ‘axislimits=get(gca,"XLim");mainscreen =
get(0,"Pointerl.ocation");thefigure = get(gcf,"Position");jiggerypokery1 = [mainscreen(1)
- thefigure(1),mainscreen(2) - |
thefigure(2)];jiggerypokery2=get(gca,"CurrentPoint");title([num2str(axislimits(1))," to
",num2str{axislimits(2))," secs displayed, now at “,num2str{jiggerypokery2(1))," |
secs."])');

if(mode)

uicontrol(;String','View Proposed Data’,'Position’,[20, 5, 140,

| 20],'Callback’,'v=get(gca,"XLim");global tselection;set(gca,"XLim" [v(1) (v(1) +

tselection)]);');
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uicontrol('String', Reset Plot','Position',[160, 5, 100, 20],'Callback’,'global time EMGdata
timemax i;plot(time,EMGdata);set(gca,"XLim",[0 timemax(abs(i))]);zoom xon;grid
on;ylabel("amplitude (V)");xlabel("time (s)");set{gcf,"WindowButtonMotionFen®,
“axisIimitSéget(gca,""XLim"“);mainscreen = get(0,""PointerLocation™);thefigure =
get{gef,""Position"");jiggerypokery1 = [mainscreen(1} - thefigure(1),mainscreen(2) -
thefigure(2)};jiggerypokery2=get(gca, ™ CurrentPoint™};title([num2str(axislimits{1)),"" to
" num2str(axislimits(2)),™" secs displayed, now at ™",num2str(jiggerypokery2(1)),"
secs.™])")); |

end

iffmode)

choosetime = input{'Press return when satisfied, or enter a time: ); -
else

disp([Press ‘return’ when satisfiedT])

pause

end

N Now find out what data was selected

N This just gets tﬁe start and stop of the x-axis on the plot |
vv(:,i) = get{gca, "XLim')';

| if(~isempty(choosetime))

wv(1,i) = choosetime;
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end

N Change the limits if a specific amount of time was selected
if(mode)
w(2,i) = w(i,i) + tselectio'n;

end
if (vv(1,i)>timemax(i))
- disp('The specified start time is after the end of the data sequence')

N Check that in the case of screen selection mode that the time selected is less
than the smallest data sequence

elseif{vv(2,i}-vv(1,i)>min(timemax))

disp(['The screen selected data is longer than an entire other EMG file of
num2str(min(timemax)),’ secs.")

disp(Please select a shorter data sequence.’)

N Check that the calculated end point is within the data sequence

elseif (vv(2,i) > max(timemax(i)))

diép(‘The ending time of the selected data sequence is outside the range of the data.")

if(mode)

choosetime = [];
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disp('Please select an earlier start to the data sequence.’);
else

disp('Please select an earlier start to the data sequence.’)
end

else

we_are_hot_happy =0

end
end end of while loop

If we are in plotted data only mode, determine the tselection time for further files
if((~mode)&(i==1))
tselection = vv(2,i)-vv(1,i);

end

Close the figure

close

That's the end of the set-up where the time of processed data is decided and the

~ normalising data is obtained.

PART 2

We have a general setup now to process the files that contain the data to be

normalised.




All comments in this section are marked by D. itis essentially the

same process with different error checking and no time selection.

else

D Blurb for user

disp(['Now processing file number ',num2str(i),' called ' filez(i,:}])
dEsp([num2str(w(2,1)-w(1 1)), ' second(s) of data will be procéssed.'])
D Plot the EMG channel

figure;

plot{time,EMGdata)

title(['Recorded EMG data in file ', num2str(i),": " filez(i,:),".")
ylabel('amplitude (V));

xlabel(time (s)');

set(gca, "XLim', [0, timemax{i)]);

D Now a routine for data selection - the tricky stuff is just to give data on cursor
position in the title of plot and again, that small button

we_are_not_happy = 1;

while(we_are_not_happy)

zoom xon |

zoom{1)

set(gef,'units’,'pixels’);
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grid

disp(")

disp('Click and drag so that the left hand side of the displayed data corresponds to the desired
start of thé EMG selection. Right mouse button zooms out.")

disp('Press return when satisfied.")

set(gef, WindowButtonMotionFcn', ‘axislimits=get(gca,"XLim");mainscreen =
get(0,"PointerLocation”);thefigure = get(gcf,"Position");jiggerypokery1 = [mainscreen(1)
- thefigure(1),mainscreen(2) - |
thefigure(2]];jiggerypokery2=get(gca,"0urrentPoint“);titie[[num2str(axis|imits(1))," to
" num2str(axislimits(2))," secs displayed, now at ",ndsttr(jiggerypokeryZ(1)),"
secs."))); | |

uicontrol('String','View Proposed Data','Position',[20, §, 140,

20],'Callback’,'v=get(gca,”XLim"),global tselection;set{gca,"XLim",[v(1) (v(1) +
tselection)]);");

uicontrol('String’,'Reset Plot','Position',[160, 5, 100, 20],'Callback’,'global time EMGdata ‘
timemax i;plot(time,EMGdata);set{gca,"XLim",[0 timemax(abs(i)}]);zoom xon;grid |
on;ylabel("amplitude (V)");xlabel{"time (s)“);set(gcf,"WindowButtonMotionFcn",
"axislimits=get(gca,""XLim"");mainscreen S get(ﬂ,"“PointerLoca_tion"");thefigure =
get(gef,""Position"");jiggerypokery1 = [mainscreen(1) - thefigure(1),mainscreen(2) -
thefigure(2)];jiggerypokery2=get(gca,""CurrentPoint"");‘title([nusttr(axisIimits(1)),"" to
" num2str{axislimits(2)),"" secs displayed, now at " ,num2str(jiggerypokery2(1)),""
secs." ")),

pause
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Now find out what data was selected

This just gets the start and stop of the x-axis on the plot

wv(i,i) = get(gca; ‘XLim')';

A time selection is at this stage always specified

w(2,i) = wl,i) + tselection;

Check that the calculated en'd point is within the data sequence

if (w(2,i) > max(timemax(i)))

disp('‘)

disp('The ending time of the selected data sequence is outside the range of the data. Please
select an earlier start to the data sequence.’) |

else

we_are_not_happy = 0;

end

end of while loop

Close the figure

close
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PART 3

END OF FIRST FILE/OTHER FILE DIVISIONS

We then take the raw data - this business of adding two very small irrational numbers

to both limits is to make the !vikelihood of selecting exactly a sampling time as the start time of
the data selection, which will result in that time having one more sémple and messing up the
subsequent analysis. This can happen if one chooses zero time as the start of the EMG data

selection.

index = find{({time<=vv(2,i)+pi/3000000)&(time>=vv(1,i)+pi/3000000));

EMG = EMGdata(min{index):max{index));

So far so good, we have selected our data - let's process it, one at a time (we are still

in the original filename loop at the very top.

Plot the raw EMG in the top of the figure

figure

subplot(3,1,1); plot(time(min(index):max(index)),EMG)
title(['Raw Selectéd EMG'));

ylabel('amplitude (V)');

set(gca, XLim',w(.,i));
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Then get the linear envelope and find the area under the curve and RMS
We process using the zegait.m file algorithms. The following is a slight modification

of that file

Start of zegaitm
Low pass filter characteristics
nfiltl=2;

wel=5/(1884/2);

~ High pass filter characteristics
nfilth=2;
wch=15/(1984/2);

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) = sqrt{mean(y.*2));



y=abs(y); rectifying the signal

Low-pass filter

[b,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 pre- and ap- pended to filter forwards and back

s0 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);
title(Filtered selected EMG");
ylabel(amplitude’);

set(gca, XLim', vw(:,i));

VCalculate the area under the sampled curve

area =0
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for nn = 1:size(tout)-1;
arrea = arrea + (tout(nn+1)-tout(nn)) * ( yout(nn) + (yout(nn+1)-yout(nn))/2);
end

area(i) = arrea;

Output this info to the screen

disp([RMS is ', nUmZStr(RMS(i)), N
~ Finally plot the frequency spectrum and calculate the cumulative power spectrum

Now we calculate the frequency spectrum of our selected data

EMG=Fft[EMG);

We plot the fft data. Al this code just makes sure that the correct frequency axis
is displayed. See the Matlab demo to find out more.

fEMG(1)=0;

n = length(fEMG);

if(rem(n,2)~=0)

Note that the arnplitude variable stores the fft amplitude information for each file
in the command line argument.

amplitude(:,i) = abs(fEMG(1:n/2));
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nyquist = 1984/2;

freq = (1:n/2)'/(n/2)*nyquist;

subplot(3,1,3); plot{freq, amplitude(:,i))
title('Selected EMG frequencies');
ylabel('amplitude');

set(gca,'XLim', [freq(1) freq{length{freq))]); |

xlabel('frequency (Hz)');

Here we reclear all the data which may affect the next run through. We hold on to the

frequency data if there are files to be compared later

| clear global EMGdata

clear global time

global time EMGdata

End of all the file looping - NO LOOPS FROM HERE ON OUT

if (nargin>1)

Using the cumulative power spectra, find the spectral shift for each file in comparison

with the first
This is the corrected version of the zig.m file.

Find the length of the data streams up to 500, 100 and 350 Hz respectively in
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the amplitude spectra - this will be the same for all files
h500 = round((n/2)*500/(1984/2));
h100 = round((n/2)*100/(1984/2}};

h350 = round((n/2)*350/(1984/2));

Calculate the cumulutative amplitude spectrum for all data samples
for count = 1:nargin

totalpowerin500Hz = sum(amplitude(1:h500,count));

for nn = 1:h500

g(count,nn) = sum(amplitude(1:nn,count))itotalpowerin500Hz;

end

~ Now for 100 Hz to 350 Hz in the first data file, find the corresponding frequencies
in the other data files below which the same amount of amplitude is contained
for count = 1:nargin;

for nn = 1:h350-h100

[c,d] = min{abs{q(1,nn+h100-1)-g{count,:)));

k(nn,count) = d*(1984/2)/(n/2);

end

Finally divide these frequencies by the original frequencies to find by how much they

have shifted (on average) in the range 100 to 350 Hz



f = (h100:h350-1)*(1984/2)/(n/2);
for count = 1:nargin
ratio{count) = mean(k(1:h350-h100,count)./f);

end

This is end the corrected version of the zig.m file.

Output all the data in tabular format to the workspace

disp('Basic Normalised Results)

disp([Normalisation file (', deblank(filez(1 ), ) RMS: Y, num2str(RMS(1)/RMS(1)),,
fréquency cornpression: ', num2str(100-ratio(1)*100),'%.)

for nn = 2:nargin

disp([’Data file no. ",num2str(nn-1),’' (', deblank(filez(nn,’)}, "), RMS: ',
ﬂUI’ﬂZStf(RMS(ﬂﬂ)/RMSH)),',v frequency compression: ', nUm23tr(100-ratio(nn)f100),'%.'])

end

Output all this data to an ascii file and more
outputn = input('Specify a file name for the detailed summary

information (default = c:\results.txt): *,'s");

time = clock;
hours = num'25tr(time(4));

mins = num2str(time(5));

195




196

if(isempty(outputn))
outputn = ‘c:\results.txt’;

end
fidd = fopen{outputn,'w');

fprintf(fidd,'POO Ver 2.1 Flexcomp EMG Summary Information.');

fprintf(fidd,["\nThis file was created on’, date,’ at', hours,":",mins,'hrs.");
fprintf(fidd,\n\nNormalisation file: %s, data taken from %f to %f

secs.' deblank(filez(1,:)),vv(1,1),wv(2,1));

for nn = 2:nargin

fprintf(fidd,\nComparison file no. %d: %s, data taken from %f to %f secs, normalised
RMS %f , frequency cdmpfession %f %%.',nn-
1,deblank(filez(1,:)),vv(1,nn),vv(2,nn),RMS(nn)/RMS(1}),100-ratio(nn)*100});

end

That's the end of the comparisons and outputting in general

Close everything
clear all;
clear global

fclose('all’);



Appendix 9.8

Muscle enzyme and biopsy experiment

Introduction
The recruitment of highly trained or elite subjects for studies that involve invaéive procedures is an
increasingly difficult task. Of the 10 subjects we successfully recruited for the study, 6 complied. with the
strict requirements of the study and completed the 12-week progrém. Of those 6 only 2 agreed to have
muscle biopsies taken during various stages of the study. The probedures and results of that data are
presented below. All the muscle enzyme and biopsy data was obtained during the subjects’ visits for
the submaximal testing namely; PRE- and POST- high-inte‘nsity training, during TAPER and after 6-

WEEKS of habitual training.

Methods_

Muscle biopsy

A needle biopsy of the vastus lateralis muscle was obtained using the technique described by
Bergstrom et él. (1962) following administration of a local anaesthetic, as described by Evans et él.
(1982). A small incision was made prior to insertion of the biopsy needle. The biopsy sample wés
immediately divided inio two porﬁons. Half was immediately frozen in liquid nitrogen and stored at -
700C for later enzyme assays. The remaining portion was orientated and ernbedded in Tissue-tek and

frozen in n-Pentane cooled in liquid nitrogen and stored at -20°C for later histological analyses.

Histology
Routine histology was carried out using myosin ATPase stain at pH 4.3, 4.6 and 9.4 to differentiate type
| and fype 1A and IIB fibres (Dubowitz, 1973). All the fibres viewed in one microscope field at a

mégniﬁcation of 10x were counted to calculate the relative proportions of fibre types.




198

Muscle enzyme activity

Muscle samples were homogenised‘on ice in a phosphate buffer [100 mmol.L-1 potassium
phosphate, 2 mmol.L-1 ethylenediaminé-tetra-acetic acid (EDTA), 5 mmol.L-1 MgCl2 and 20
mmol.L-1 2-mercaptoethanol, pH 7.5]. Homogenates were then sonicated onice for3x 10 s
(Heat systems, Ultrasonics), divided into four aliquots and assayed for phosphofructokinase
(PFK), hexokinase (HK), citrate synthase (CS) and 3-hydroxyacyl CoA dehydrogenase (3-HAD)
activities as described in the methods of Ling et al. (1965}, Bass et al. (1969) and Srere et al.
(1969). Al! enzymes assays were performed in duplicate at 259C using a spectrophotometer
(Beckman DU-62, Beckman Instruments, USA). Results are expressed relative to protein

concentration. Protein concentrations were assayed in triplicate by the Biuret method (Kingsley

1942).

Muscle buffering capacity -

Muscle buffering capacity (pm) was measured from the acid required to titrate the pH of muscle
homogenates over a physiological range of pH 7.110 6,5 as described by Weston et al. (1997)
and Marlin and Harris (1991). All muscle sahple (6.5-13.8 mg wet wt.) horﬁogenates were
assayed on the same day and in random order that was unknown to the investigator. The
coefficient of variation for Bmg measurements in this laboratory is + 3.0% (Weston et al. 1996) .
and is comparable to thai reported elsewhere (Costill et al. 1982; Mannion et al. 1993). Results -
for thé muscle buffering capacity are expressed per full pH unit for final expression as pmol H*.

g protein dw-'. pH-'and umol H* (units). g muscle for the skeletal muscle enzyme activity.
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No statistical analyses could be performed on this data because of the small sample size.
Results are therefore presented for each subject and the results describe the trends that were

evident from these two sample analyses.

Results

The physiological and performance characteristics of the subjects are detailed in Chapter 6.
The effects of the training intervention and 6 weeks of habitual training on theif time trial
'performance is also Vpresented in Chapter 6, however, the effects éf the training, taper and 6
weeks of habitual training on maximal glycolytic enzyme activity are presented in Figure 1A and
B. During the taper the activity of HK more than doubled in both subjects when compared to
pre- and post-HIT training values and after 6 weeks of habitual training. In contrast, the activity
of PFK was at its lowest in both subjects during the téper and peak values were observed pre-

HIT training and after 6-weeks of habitual training.

The oxidative enzyme activities are presented in Figure 1C and D. The training intervention and
& weeks of habitual trainin‘g did not have a notable effect on the activity of CS or 3-HAD. The
activity of these enzymes did not vary by more than 38% throughout the study when it was

* measured in both subjects.

Skeletal muscle buffering capacity was marginally at its peak in both subjects during the taper
(Fig. 2) and muscle fibre type distribution (%) was not changed by the training intervention in

these two subjects (Table 1),
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Figure 1. Maximal glycolytic {A- Hexokinase, B- Phosphofrictokinase) and oxidative (C- Citrate
synthase, D- 3-Hydroxyacyl CoA dehydrogenase) enzyme activities pre- énd post- HIT fraining,

during taper and after 6 weeks of habitual training.
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Figure 2. Skeletal muscle buffering capacity (Bm) pre- and post- HIT training, during taper and after 6 weeks of

habitual training.

Table 1. Muscle fibre-type distribution, taken from the vastus lateralis, pre-and post-training, during taper and’

after 6 weeks of habitual training.

Pre- - Post- Taper = Gweeks

% Typel - SubjectA &7 - 55 64 - 53
Subject B 52 56 | 52 60

% Type llA- Subject A 29 41 33 48
Subject B 46 39 44 39

% Type iB- Subject A 3 4 1 1
SubjectB 0 5 0 1

% Type lIC- Subject A 0 0 2 0
Subject B 1 0 4 0
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Conclusion

Conclusions can not be made based on this sample size, however chapter 2.2 of the review of
the literature and Hawley and Stepto (2001), provide some guidelines on these results. Interval
training has been shown to increase the activity of one or more of the muscle glycolytic
enzymes in previously untrained individuals (Table 2.1) while a number of studies of well-
trained subjects (Sjodin et al. 1982; Costill et al. 1388 and Weston et al. 1997) have shown no
increases in oxidative or glycolytic enzyme activities after interval training. In this study, albeit |
only two subjects, training seems to have had a perplexed effect on the glycoltyic enzyme
capacity. The current research on the effects of interval training on muscle enzyme activity in
well-trained subjects is not sufficient and further investigation is warranted with larger subject

numbers.

Three studies to our knowledge have reported interval training to significantly increaée musc!é
buffering capacity in previously untrained (Sharp et al. 1986; Bell and Wenger 1988} and well
trained (Weston et al. 1397) subjects. A high muscle buffering capacity is traditionally
associated with good sprinting performance and sprint-trained individuals have generally been
shown to have a higher muscle buffering capacity than endurance-trained ér sedentary
subjects (Sahlin and Henriksson 1984; Parkhouse et al. 1985). The inconsistent changes in
fibre type distribution aﬁef training from se?erai studies are well within the ~12% coefficient of
variation.cf fibre type determinants in needle biopsies from the same muscle as measu_red by
Blomstrand and Ekblom (1982). The findings currently available in the literature have to be
interpreted with caution and this point is further elaborated on in Chapter 2.2 of the review of

the literature.








