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Abstract

Priming exercise, or the ‘warm-up’, is an acceppealctice prior to exercise participation,
physical training or sporting competition. Traditally, low intensity exercise has been
used prior to both short- and long-duration evémtsn effort to prepare the athlete, but not
fatigue them. Recently, however, a more scienéipjproach to priming exercise has been
considered important, with some research suggestiag a high intensity intermittent
priming strategy may be optimal. However, giver thaucity of performance focussed
‘warm-up’ studies, and that existing data regardmgh-intensity priming strategies is
inconclusive, the aim of this thesis was to detaamihe effects of three high-intensity
intermittent priming strategies on physiologicatpenses and subsequent 3km laboratory
time-trial (TT) performance.

Ten well-conditioned endurance-trained male cyxl{gtean + SD: age, 28.3 = 8.4 yr, body
mass, 81.8 + 11.6 kg, stature, 1.8 + 0.1\ffDpeax 4.6 + 0.5 L-mif') were recruited for
this study. After an initial incremental exercisest to exhaustion, participants completed
four 3km time trials (TT) on four separate occasiogach preceded by a different priming
strategy. These included a ‘self-selected’ (cdptoondition, and three high-intensity
intermittent priming strategies of varying integsifl00% and 150% of the power at
VOypeax and all-out) and fixed duration (15 minutes),reacpredetermined random order.
Five minutes passive rest separated each primiagcise condition from the experimental
3km-TT. Oxygen uptakeMO,) and heart rate (HR) were measured continuoushyiew
blood lactate concentration ([BLa]) and core terapee () were recorded at rest, post-
priming exercise, and immediately prior to and deling the 3km-TT. In an attempt to
provide a mechanistic explanation for changes ifop@ance,VO, kinetic variables were
determined from th&/O, data. Performance was quantified as a mean poWgs.) and
total time taken to complete the 3km-TT. Mean powetput and time taken for each

500m segment of the 3km-TT were also calculated.

Results demonstrated that the athletes self-chpsemng condition (378.6 + 44.0 W)
resulted in Weanthat was slightly greater than both the lowes6(3% 44.9 W; 0.7%p =
0.57) and moderate (373.9 + 47.8 W; 1.596= 0.30) intensity intermittent priming

X



condition, but significantly greater than the ‘alit’ intermittent sprint priming condition
(357.4 £ 445 W; 5.8%p = 0.0033). Similar differences were observedtime. While
differences existed in the,Qleficit (however, mainly non-significant), thesdfetences
did not provide clear explanations for the differes in performance, with the moderate
priming condition displaying a significantly redwuc®, deficit (59.4 + 15.6 Lp < 0.05),
despite the non-significant change in)4 compared to the self-chosen priming condition
(73.3 £ 18.6 L). Additionally no significant diffences were observed in either the time

constant or the mean response tim&/@h. Significant findings with regard to HR, [BLa]

and Tc were observed, but consistent witlD, kinetic variables, they were not related to,

nor explain performance changes.

In conclusion, regardless of intensity, differergiintensity intermittent priming exercise
did not improve 3km-TT performance more than thatid condition (self-chosen). A
priming strategy that is overly intense was detritabto subsequent cycling performance.
The observed finding that a self-chosen primingatsgyy resulted in a comparable
performance suggests that athletes are able tasalelft (consciously or sub-consciously) a
‘warm-up’ that is of appropriate intensity/durationFurther work utilising the priming
strategies from the current study with events oft&n duration is required to further clarify

how priming strategies of this nature may affeatkrcycling performance.
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Chapter One: Introduction

Priming exercise, or the ‘warm-up’, is an acceppedctice in the preparation for any
sporting or exercise participation or competitiorlowever, many coaches, conditioners
and athletes often have applied no scientific gaten the intensity chosen to perform
priming exercise, commonly just performing that eththey have always done, or those
before them have done. It is now being recognisedoaches and sports scientists that the
priming exercise for supramaximal performance maynmore important than previously
considered. This has generated scientific intavashow best to utilise the time prior to
performance, as demonstrated by increased respabtications regarding the physiology

of prior exercise.

The proposed benefits of priming exercise are apare the energy systems involved in
oxygen (Q) transport and utilization, thereby allowing thblate to reach a higher level of
aerobic metabolism more rapidly (Bishop, BonettiD&wson, 2001; Bishop, Bonetti, &
Spencer, 2003). There are, however, many othesiplogical (metabolic, biochemical and
neuromuscular) benefits to priming exercise thay raso improve performance. More
specifically, these may include moderately elevdsethte concentration within the blood
and muscles (Cairns, 2006), increased muscle amd tmmperature (I and T,
respectively; Mohr, Krustrup, Nybo, Nielsen, & Babg, 2004), elevated heart rate (HR;
Stewart & Sleivert, 1998) and greater muscle filacgvation (Krustrup, Soderland, Mohr,
& Bangsbo, 2004). These factors all have benéfariadverse influences on performance
in the subsequent activity, depending on the magdaitof the evoked response. The
magnitude of the response can depend on how intemkeng the priming exercise is, as

well as whether it is a continuous or discontinu@es intermittent) bout of exercise.

Traditionally, lower intensity exercise has beemdusn preparation for both short- and
long-duration events (sub-maximal and supramaximahsities) in an effort to prepare the
athlete, but not fatigue them. Recently, howegemore scientific approach to priming
exercise has been considered important (BishoB&®D03b). There are few studies that
have investigated different priming strategies #melr effect on a variety of subsequent
performance tests (e.g. Bishop et al.,, 2001; Bishbml., 2003; Hajoglou, Foster, de

Koning et al., 2005). Unfortunately, however, thsults of these studies have not provided

1



coaches and athletes with consistent findings. thEBumore, inconsistent priming
conditions (duration and intensity) and mode ofreise [e.g. kayaking (Bishop et al.,
2001; Bishop et al., 2003), cycling (Hajoglou et @005; Jones, Wilkerson, Burnley, &
Koppo, 2003; Wilkerson, Koppo, Barstow, & Jonesp£20and treadmill exercise (Billat,
Bocquet, Slawinski et al., 2000)] make comparisobgtween studies (and

recommendations for coaches) difficult to ascertain

Whilst there are many studies that have investthdibe effects of different ‘warm up’
approaches, or ‘prior exercise’ conditions on sghset physiological responses (e.g.
Billat, Bocquet et al., 2000; Burnley, Jones, QargeDoust, 2000; Koga, Shiojiri, Kondo,
& Barstow, 1997; Stewart & Sleivert, 1998), few bagonsidered actual sport-specific
performance measures (Bishop et al., 2001; Bishoal.e2003; Hajoglou et al., 2005;
Mohr et al., 2004). Of particular interest to tpi®posed thesis are the two performance-
focussed studies by Bishop and colleagues (Bishab.,e2001; Bishop et al., 2003) and
more recently the study by Hajoglou et al (200%he results from the study of Bishop et
al. (2001) demonstrated significantly improved ager power in the first half of the two-
minute kayak ergometer trial in the moderate intgneiming exercise when compared to
the highest intensity (5.4%), and a tendency far ilmtensity priming exercise to be better
than high (4.2%). Despite, the greater mean aradk pewers in the moderate and low
priming intensities during the first half of thesteperformances were very similar in the
second half of the test. These results suggest gedormance is improved with a
moderately intense priming exercise, resulting inderately elevated lactate acidosis,
rather than a higher intensity priming strategyjohtresulted in a greater metabolic cost
and significant lactate acidosis. The authors kamEcthat a certain degree of metabolic
acidemia may be necessary to sufficiently accedevad, kinetics and thus increase the
aerobic contribution to the performance event, stlsaving anaerobic energy contributions
for later in the trial. Conversely, too much agio(as per a very high-intensity priming
strategy) may interfere with muscle contractile gesses and reduce subsequent
performance.

Following on from these findings, Bishop et al (3p@ndeavoured to further refine the

‘warm up’ for supra-maximal exercise performanceSubsequently, they sought to

determine the difference between the previous sséakemoderate intensity continuous
2



priming exercise with that of a high-intensity imtettent (rather than continuous; Bishop
et al., 2001) priming strategy. Interestingly, thgh intensityintermittentpriming strategy
that resulted in a moderate elevation of bloodak&ctoncentration ([BLa]) was found to
enhance performance more than a moderate intec@itnuouspriming strategy. This
evidence provided further support for an increg&tdh] being a factor that contributes to
the increased power output and improved overallopmance. In addition, the authors
suggested that the significantly greater peak poaftar the high-intensity intermittent
priming strategy could be attributed to the stirtiola of fast twitch motor units before the
performance trial. To extend this work, it woulel iiseful to further investigate the optimal
intensity of the intermittent bouts as part of theerall priming strategy. Bishop et al.
(2003) only used 200% Ozpear It is not yet known whether 100% or 150%@zpeakwould

have a similar, or more substantial effect.

More recently, the influences of different primiggategies were investigated with regards
to three-kilometre cycle ergometer time trial (3K} performance (Hajoglou et al.,
2005). Priming strategies consisted of a no pewercise control, an easy ‘warm-up’
(EWU) and a hard ‘warm-up’ (HWU) followed by six mites of rest. Following the 3km-
TT’s, and in agreement with Bishop et al. (2006 YOzpeaxattained was not significantly
different amongst conditions. As expected, postymg [BLa] was greater with increasing
priming intensity. Overall, the EWU and HWU hadywsimilar 3km-TT times of 266.8 +
12.0 s and 267.3 + 3 s respectively, and both warificantly faster than the control
condition of no prior exercise. While the obserdadia provides evidence of the benefits of
prior exercise before high intensity maximal exgecit did not provide evidence of greater
benefits of high intensity continuous priming exeecover moderate intensity priming

exercise.

Based on the aforementioned studies, it would apipeaeficial to further investigate the
use of high intensity intermittent priming strateg)i Track cycling includes events varying
in duration from ‘sprint’ events lasting around &tonds, to ‘endurance’ events lasting up
to one hour. The track event of interest for therent study is the pursuit. The distances
for individual and team pursuits are 4km (men) &kth (women and juniors). Pursuits

could be considered ‘sprint-endurance’ events, whieigh speeds are required over



extended periods (~4min 15s world class men folometres, ~3min 25s world-class
women three kilometres), similar to middle-distamaaning. Clearly, the results in an
event of this nature would surely be influencedleast in part, by the pre-event priming
strategy. Thus, this thesis aimed to 1) deternmiime effects of three high-intensity
intermittent priming strategies on the physiologiesponses (emphasis will be placed on
the kinetic response ofO,, [BLa], HR and core temperatured)J in comparison to the
participants self-chosen (i.e. current practicénprg exercise and 2) determine the effect
of different intensity intermittent priming straieg on 3km-TT laboratory cycle
performance. It is envisaged that the findingghi$ study will be of interest to track
cycling coaches, and potentially a range of coachresother sports where the

intensity/duration of events are similar.



Chapter Two: Literature Review

1. Introduction
‘Warming-up’ is accepted practice in the preparatifior any sporting or exercise

participation or competition. However, many coaheonditioners and athletes
themselves often applied no scientific criteria the intensity chosen to perform that
‘warm-up’, commonly just performing that which thegve always done, or those before
them have done. Previous research into fundamemysiology associated with prior

exercise has generated further scientific intemsthow to utilise the time prior to

performance Research into this area has resulted in great&gnition by coaches and
conditioners that the ‘warm-up’ in supramaximalfpanance may be more important than

it was once considered.

The proposed benefits of the ‘warm-up’ are to prephe energy systems involved in
oxygen (Q) transport and utilization, thereby allowing thblate to reach a higher level of
aerobic metabolism more rapidly (Bishop et al., 2Z0Bishop et al., 2003). There are
however other physiological and metabolic beneditgriming exercise that may contribute
to improved performance. More specifically, thesay include moderately elevated
lactate concentration within the blood and musiclereased muscle and core temperature
(Quo effect), elevated heart rate and greater musble factivation (Burnley, Doust, &
Jones, 2002; Gray, Devito, & Nimmo, 2002). Additidly, as displayed ifigure 1-1 it
has also been proposed that physiological respdnosesrm-up’ may be categorised into
temperature related and non-temperature relateédr&@Bishop, 2003a). These factors can
all have beneficial or adverse influences on pemtorce in the subsequent activity
depending on the magnitude of the evoked respamskwhether the event is a continuous
(e.g. running) or discontinuous (intermittent, esgccer) endurance activity (Mohr et al.,
2004), strength or power exercises such as weifginigl or throwing events (Leveritt &
Abernethy, 1999), flexibility (Stewart & Sleiver,998) or agility (Young, James, &
Montgomery, 2002).

Maximal and supramaximal exercise is that whichegormed at an intensity equal to, or
greater than that which the body can provide enagggbically, i.e. above the peak rate of
oxygen uptake {Ozpea) (Medbo & Tabata, 1993). Because of this oxygeficd, the
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active muscles must obtain additional energy frotheo sources, i.e. via anaerobic
glycolysis. Therefore, emphasis may be shiftedther physiological factors to prime the

body’s energy systems for performance than compaithdsubmaximal tasks.

Temperature related

Decreased resistance of muscles and joints
Greater release of oxygen from haemoglobin and myecglobin
Speeding of metabolic reactions

Increased nerve conduction rate

Increased thermoregulatory strain
Non-temperature related

Increased blood flow to muscles

Elevation of baseline oxygen consumption
Postactivation potentiation

Psychological effects and increased preparedness

Table 2-1: Possible effects of warm-up from Bishop (2003a)

Traditionally, lower intensity exercise has beemdisn preparation for both short- and
long-duration events (sub-maximal and supramaximahsities) in an effort to prepare the
athlete, but not fatigue them. However, some reeeidlence suggests that a low intensity
‘warm-up’ may not be as beneficial as one of higfemsity. However, the results of these
studies have not all provided coaches and athietis consistent results.. Furthermore,
inconsistent priming conditions (duration and irsi€y) and varying mode of exercise, e.g.
kayaking (Bishop et al., 2001; Bishop et al., 20@3xling (Hajoglou et al., 2005; Jones et
al., 2003; Wilkerson et al., 2004) and treadmikkexse (Billat, Bocquet et al., 2000), make
comparisons between studies, and recommendatiom®dahes, difficult. It has also been
proposed that priming exercise utilising a non-gfeexercise with a different muscle
group, or using passive methods of ‘warm-up’ (Bgpt packs, hot water), may be just as
beneficial at eliciting the same physiological m@sge but improving subsequent
performance (Burnley, Doust, Ball, & Jones, 2008rrBey, Doust, & Jones, 2002; Koppo
& Bouckaert, 2000; Koppo, Jones, & Bouckaert, 2008ppo, Jones, Vanden Bossche, &
Bouckaert, 2002). This may be achieved througlpaeg the major energy systems
without inducing fatigue of the active muscles.



Based on the above, it would appear beneficial udhér investigate which priming

strategies are the most beneficial and most apiatepfor the demands of the specific
competition. In two parts, this review will expborthe different priming strategies
investigated by various researchers in relatiod)t@hysiological responses and 2) their
effect on performance. The variables are represesttongly in the literature investigating
prior exercise (both in mechanistic and performaocessed studies) are the kinetic
response oVO,, blood lactate accumulation and core temperature therefore, particular

emphasis is placed on these.

2. ‘Warm-up’/priming strategies/prior exercise

‘Warm-up’ is performed before most types of exerciand mode, duration and intensity
differ depending on the subsequent performance daadkfacilities available. Differences
also exist with regards to whether it is an acbveassive ‘warm-up’, and in the level of
specificity towards the competition event (Gray &Mho, 2001). It has been proposed
that the physiological responses to ‘warm-up’ maydategorised into both temperature
related and non-temperature related factors (Bish0@3a), and existing evidence suggests
that temperature alone is not deterministic of %@, response or performance (Burnley,
Doust, & Jones, 2002; Gray et al., 2002; Koga ¢t1897). Therefore, it seems the terms
‘priming’ or ‘prior exercise’ may be more approggao use than ‘warm-up’. There does
not however appear to be any consistent priminatesjiy for each specific event, rather
they follow a somewhat similar protocol that iseimied to achieve the appropriate
physiological responses. For example, priming h&f muscular-tendinous unit (Avela,
Kyrolainen, & Komi, 1999; Young & Behm, 2003; Young Elliott, 2001), greater
anaerobic priming for short-duration high-intensigyerformance (Heubert, Billat,
Chassaing et al., 2005; Stewart & Sleivert, 1988} increased aerobic priming for events

of greater duration (Jones et al., 2003).

With respect to track cycling events, there iddifieer-reviewed, documented evidence of
current practice in priming for competitive perfante. There are however some articles
that have described the physiological requiremeamid power outputs in pursuit riding
(Broker, Kyle, & Burke, 1999) as well as the pramsinvolved in the attainment of world

and Olympic pursuit titles (Schumacher & Muelle@02). The study of Schumacher and



Mueller (2002) would also appear to be of morevatee and to possess greater validity
given that it is reported the practice of a woedard German pursuit team, and in contrast
to many other peer reviewed academic journal adjdt provided not only the theoretical
and physiological requirements of the event, bsb ahe practical aspects of testing,
training and priming for the event. The paper desd different training ‘zones’, as
determined in lactate-profiling assessments, amedetlzones were used not only for the
training in preparation for the 2000 Olympic gambest also in the priming for the
competition event. These zones were labelled doopto their intensity and how they fit
into the overall periodised plan, and included “Ewion” training (anaerobic threshold,
high cadence, track-specific motor skill trainingfpeak” training (race pace, repetitions

less than race distance, competition gearing) &wakbit” training (low intensity, higher

volume road training, ~509%Oxzpeay.

Schumacher and Mueller (2002) reported that then tparformed the same standardised
‘warm-up’ before each heat of the team-pursuit,sesting of 20 minutes riding “Basic”
intensity, and two repetitions of five minutes (@hutes recovery between) at “Evolution”
training intensity, followed by another ten minutas “Basic” intensity, finishing 20
minutes before competition. This priming strategyof long duration (60 minutes),
relatively low intensity (most around “Basic” int@ty), and somewhat continuous in
nature, and while it resulted in a world recordf@enance, priming exercise of much
higher intensity, shorter duration and of a morermittent nature has been investigated
(Billat, Bocquet et al., 2000) including some destoating improved performance than
that of a lower intensity continuous priming exeeci(Bishop et al., 2003). These
investigations have provided some support of pringrercise which is quite in contrast to
the current practice and the long held belief that'warm-up’ must be of a low intensity
and long duration in order to be effective. Adulially, there are also those that have
investigated alternative ‘warm-up’ strategies, uithg priming a different muscle group
(Fukuba, Hayashi, Koga, & Yoshida, 2002) and pa&ssiarming methods (Burnley, Doust,
& Jones, 2002; Gray & Nimmo, 2001). This new enckis intriguing, and has stimulated
interest in the scientific approach to differentinpng strategies for high-intensity

competition.



3. Effects on physiological responses
Exercise results in many physiological responsestware dependant on the magnitude of

that exercise. The emphasis placed on each dfiffieeent systems and mechanisms is also
influenced by the nature of the exercise. There isyriad of both peripheral and central
acute responses to exercise, and the magnitudéith whe various mechanisms respond,
to a large extent, is outside the athlete’s contiging maximal effort exercise (such as
during a race). However it is not uncontrollabigidg the ‘warm-up’ or priming phase of
exercise. The different physiological mechanisensd how they may be manipulated
during the priming exercise to influence subseqypemtormance, will be discussed in the
following sections. The physiological responsest thre most widely investigated with
regards to priming exercise and the ensuing exeinidlude oxygen uptake/Q,), blood
lactate concentration ([BLa]) and core tempera{lig. These are the focus of the first
section of the review, with some review of othestéas where appropriate (i.e. where they

have been investigated in individual studies).

3.1 Effects on Oxygen Uptake (VO ;) and the VO ; Kinetic Response

The study of oxygen uptake/Q,) kinetics concerns the investigation and desanptf
physiological mechanisms responsible for the dysaw®, response to exercise and its

subsequent recovery (Jones & Poole, 2005, p. T8 magnitude of this/O, response
and the magnitude to which the parameters desgrithiis response are represented are
dependant on both the mode and intensity of ex@rci® date, several mechanisms have
been proposed to determine the time-cours€®f at exercise onset. These include blood
lactate concentration ([BLa]; Jones et al., 2008) eore temperature T Bishop, 2003a),
but perhaps most widely considered mechanismsregards to the kinetic response would
be QG transport (Hughson, Tschakovsky, & Houston, 20@hyd utilisation (Walsh,
Howlett, Stary, Kindig, & Hogan, 2005). Howevedngtdebate surrounding these variables
in particular, and which is a greater determindrthe observable Oresponse and ensuing
performance, is unresolved (Tschakovsky & Hughd®99). Many researchers are in the
process of providing evidence either in favour ofeovariable, or against the other
(Bangsbo, Krustrup, Gonzalez-Alonso, Boushel, &i8aP000; Bearden & Moffatt, 2001;
Gerbino, Ward, & Whipp, 1996; Grassi, 2001, 200%a<38i, Gladden, Samaja, Stary, &
Hogan, 1998; Hughson et al., 2001; MacDonald, Naylschakovsky, & Hughson, 2001;
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MacDonald, Pedersen, & Hughson, 1997; Tordi, Peldayvey, & Hughson, 2003; Walsh
et al., 2005). In terms of priming, identificatia@f the physiological mechanism(s) that
greatest influences the¢O, response would be useful and could provide spEmintists
with valuable information in their attempt to impmathletes’ performance. In this regard,
several experimental investigations have been tekkm in an effort to identify key
mechanisms and determinants of ti®©, response, especially those related to prior-
exercise/priming and its subsequent physiologidécts (e.g. Bangsbo et al.,, 2000;
Bearden & Moffatt, 2001; Jones et al., 2003).

Proposed benefits of a priming intervention inclulereasing @ delivery, which in turn
would acceleraté/O, kinetics during high intensity exercise in compan to the control
condition (Billat, Bocquet et al., 2000; Burnleypppo, & Jones, 2005; Hajoglou et al.,
2005). However, whilst some investigators refiis proposed acceleratedO, kinetic
response (Jones et al., 2003), others suggesti#psndant on the intensity of the ensuing
exercise (Burnley et al., 2000). If indeed thesean accelerated kinetic response, the
ensuing effect may be a high®O, earlier on in the exercise or a higher attaingialak
VO, (VOzpeap, Which in turn should result in an improved exsggerformance. There are
many different types of interventions and primingafm-up’) strategies to enhanagO,
kinetics, but for the purpose of this review, engfawill be placed on determining the
effects of different intensities of prior exercismd non-exercise ‘passive warm-up’

methods on exercise performance and its asso@atesiological response.

3.1.1 Kinetic parameters of interest

There are several kinetic parameters that can berndimed from theVO, response at
exercise onset. As aforementioned, it is importantecognise that the occurrence, rate
and/or magnitude of each parameter can be largdlyenced by the intensity of the

exercise.

Primary time constant (tau)
In studies to date, regardless of the researchsfdbe major kinetic parameter of interest

has been the phase Il on transient time constantzft Essentiallyz indirectly reflects the
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rate of change inVO, in muscle (measured at the mouth) at exerciset ¢fa®wing the
end of phase I, the cardiodynamic phase; Whipp,d\Waamarra, Davis, & Wasserman,
1982) and is evident regardless of exercise intgndihe phase h also largely determines
the magnitude of the Qieficit (Jones & Poole, 2005, p. 20). A decregsease Ik would
appear to be beneficial to performance, given dtemtial to place less dependence on the
anaerobic system, thus resulting in a decreasgdeficit. To reflect the overalVO,
kinetic response, some studies have used the nesponse time (MRT), a composite
measure of the phase | and phase [The MRT can be calculated either as MRT = TDQ +
or by a multiple-term exponential function of thesighted sum of these two variables
(Jones & Poole, 2005; MacDonald et al., 1997). hboreer (i.e. faster)t (or MRT)
following an intervention indicates an accelera¥4@, kinetic response, reflecting a greater
oxidative capacity in the active muscle, which emus decrease in the, Qeficit. An
illustrative example of each of these kinetic pagtars can be observedkigure 2-2

VO, slow component

In recent years, th&O, slow component, in particular the mechanism det@ng it, has
gained considerable interest (Barstow, 1994; Bess®uchthal, Zanconato, Cooper, &
Cooper, 1994; Whipp, 1994). The slow componentlmadefined as an additional, slowly
developing component rise MO, (i.e. absence of, or delayed, steady-sté®®) occurring
between 800-100 seconds of heavy (above LT) exe(Barstow, 1994; Whipp, 1994) to
an extent which is above that expected from YH@,-work rate relationship (Marles,
Mucci, Legrand, Betbeder, & Prieur, 2006; Pater&whipp, 1991 as cited in Burnley,
Koppo & Jones, 2005). In an effort to determireedause, it has been investigated with
some of the potential determinants controlled, uditlg increased muscle temperature
(Koga et al.,, 1997), increased muscle acidosis r(Byr Doust, & Jones, 2002), or
increased type Il muscle fibre recruitment (Kruptet al., 2004). IrFigure 2-2 the VO,
slow component is displayed as,’A- the amplitude of difference ivO, for that
corresponding timeframe. In terms of prior exexciany beneficial effects result in a

reduction int (or MRT) and/or the amplitude of the slow compadnen
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Figure 2-1: Example of VQ response to heavy-intensity exercise fitted withlé exponential model.

TVO,, effective VQ time constantt,, T4, andt,, time constants; V), baseline V@measured in the 3 min
before onset of exerciséy’, Ay, andA,’, amplitudes for exponential curves; TBnd TD, time delays.
(Burnley et al., 2000)

3.1.2 Accelerated VO ; kinetic response

Prior heavy (Burnley et al., 2000; Fukuba et @02 Hajoglou et al., 2005; MacDonald et
al., 1997) and low-intensity (Campbell-O’'Sullivar€onstantin-Teodosiu, Peirce, &
Greenhaff, 2002) exercise has been previously tegpdo decrease the MRT compared to
trials with prior exercise of a lower intensity mo prior exercise, respectivelygble 2-).
Campbell-O’Sullivan et al. (2002) employed a prodom which subjects cycled at a
moderate intensity (75%/Ozpeay for ten minutes preceded by either a low intgn&6%
VOzpea) ten minute warm-up (trial A), no warm-up (tria),Bor at the moderate intensity
for one minute preceded by either a low intengty minute warm-up (trial C) or no warm-
up (trial D). The purpose of the one minute triakss to allow for muscle biopsies to be
taken for the spectrophotometric determination aferemsine triphosphate (ATP),
phosphocreatine (PCr), creatine (Cr), glucose-Gsphate (G-6-P), lactate acetylcarnitine
and free carnitine. These variables will be disedsin sectior83.3. It was found that trial
A accelerated the MRT (31.3 £ 2.45x 0.05) when compared to trial B (45.1 + 2.8s) and
resulted in a 35% reduction in,Qleficit (1.5 + 0.2 vs. 2.3 = 0.3 L trials A and B,
respectively;p < 0.05). Interestingly, it was also noted thagréhwas a non-significant
difference in the amplitude of thé¢O, from baseline YO,.g) to the new steady stat&/Q,.

sg between the experimental trials. This was degbi¢ reduction in MRT and @leficit,
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as well as the adjustedO,s following the moderate exercise that was precdzetbw-
intensity exercise (trial A, 5.0 + 0.7 L-mfipin relation to moderate exercise with no
preceding exercise (trial C, 4.2 + 0.5 L-fin This suggests that, irrespective of what
percentage o¥/OzpeaWas attained following the priming exercise and MRT to achieve

that change invO,, there is a peak value of oxygen uptake that Gamdhieved in the

subsequent exercise regardless of priming conditioHowever, this was not consistent

amongst all studies, with some evidence of an &eVdO, response throughout the trial
following prior heavy exercise in contrast to a-@or exercise’ control condition, and

similar baseline values, as displayedrigure 2-3(Jones et al., 2003).
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VO, (L.min")
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Figure 2-2: Breath-by-breath VO2 response.
No prior exercise (controtlosed circley and prior heavy-intensity exercisgpen circley. Note the elevated
VO, throughout exercise after prior heavy-intensitgreise (Jones et al., 2003)

In a more recent study, the effects of differenmprg intensities on three kilometre
cycling time trial (3km-TT) performance in well-ined cyclists were investigated by
Hajoglou et al. (2005). As well as focussing oa performance gains associated with prior
exercise, this study incorporated measure¥©$ kinetics, with the primary focus on the
MRT and some examination ofand TD. Three ‘warm-up’ conditions were investegh

1) easy warm-up (EWU) consisting of five minute reegts at 70, 80 and 90% of
ventilatory threshold (VT); 2) hard warm-up (HWUW)fore minute segments at 70, 80 and
90% of VT followed by three minutes at the resgirgtcompensation threshold (RCT), and
3) a control condition with no prior warm-up (CONIHajoglou et al. (2005) reported that
indeed there were differences in tMO, kinetic response depending whether priming

exercise was performed prior to the 3km-TT or mamwever, they failed to demonstrate
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differences between EWU and HWU. The differiv@, kinetic responses were also

accompanied by changes in contributions of aerahit anaerobic energy sources. The
study of Hajoglou et al. (2005) was similar in des(and outcomes) to another priming

study investigating th&O, kinetics in cycling (Burnley et al., 2000) in asfseof both the

methodologies and results.

Burnley et al. (2000) also implemented heavy cyglim their investigation of the
physiological effects of different priming interisg on subsequent cycling performance.
However, in contrast to Hajoglou et al. (2005), iday et al. (2000) assessed the effects of
priming exercise in a fixed time (and thereforatotork) trial, rather than a ‘performance-
test’ such as a 3km-TT. Additionally, moderate%B80f LT) and heavy (5029 prior
exercise were the only two intensities investigatétle different conditions of the ‘square-
wave’ design (e.gFigure 2-9 included a) moderate exercise preceded by maglerat
exercise, b) heavy exercise preceded by moderateis®, c) moderate exercise preceded
by heavy exercise, and d) heavy exercise preceglbégdvy exercise, each separated by six
minutes at 20W. The samé&O, kinetics parameters of interest as Hajoglou e{24105)

were examined, as well as th&D, slow component. The similarities and differences
between the parameters of interest and methodaslogfiethese two studies made for

interesting comparisons of the physiological resesrto the prior exercise.

Despite some minor differences in protocol/methdasth Hajoglou et al. (2005) and
Burnley et al. (2000) reported a decreased MRTh& gubsequent heavy exercise bout.
Noteworthy also in the results of Hajoglou et aDE5) was that the MRT was significantly
shorter after both ‘warm-up’ conditions (45 + 10sda4l = 12s, EWU and HWU,
respectively) than CON (52 + 13s), but that the MBTEWU and HWU were not
significantly different from each other. Such difnce in MRT is likely to have
contributed to the finding that power output atitdle to aerobic sources was significantly
less for CON at every 500 metre segment of the trrakin comparison to HWU, and at all
but two 500 metre segments in comparison to EWUlhis Tecreased contribution of

aerobic energy sources would have increased tharmt®ion the limited anaerobic sources

(Nummela & Rusko, 1995). Regardless of the obskditierences invO, following each
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priming condition, the highestO, reached at any 500 metre segment was not signifjca

different amongst conditions.

There was a non-uniform response, and therefore MRT, displayed betweentwioe
studies, with regards to the comparisons betweengtieater and less intense exercise
preparations. While both reported no differencéRT between the moderate and heavy
priming conditions when they were followed by mader (Burnley et al., 2000) or
maximal (Hajoglou et al., 2005) performance, Buyrdeal. (2000) reported that the kinetic
response in the heavy trial responded differentpethding on whether or not it was
preceded by moderate or heavy cycling. Howevgandiess of whether prior exercise was
of moderate or heavy intensity, it had no significaffect on anyvVO, kinetic variables
during subsequent moderate intensity exercise.s @lso included the no prior exercise
condition, i.e. first bout of moderate exerciseconditions a) and c¢). However, although
MRT in all prior exercise conditions were considgyalonger for heavy than moderate
trials, the MRT for heavy exercise preceded by keawxercise (47.0 £ 3.1s) was
significantly less than the MRT for heavy exercigth moderate or no prior exercise (61.8
+ 4.5 and 65.2 * 4.1s respectively). This suggtsis there was a greater amount of O
available earlier on in the exercise, and the gigdnts were able to achieve the required
VO, sooner due to the ‘priming’ effect of the priomlig exercise. This would be expected
to result in a decreased @eficit, and therefore decreased dependence @rana energy

sources.

A reduction in theVO, slow component after prior heavy exercise has loeseribed in a
number of studies (Burnley, Doust, Ball et al., 20@urnley, Doust, & Jones, 2002;
Koppo & Bouckaert, 2000; Koppo et al., 2003; Kopgtoal., 2002; Marles et al., 2006;
Sahlin, Sgrensen, Gladden, Rossiter, & PedersdXf)20Burnley et al. (2000) suggested
that the most important effect of prior heavy ei®ravas the consistently and significantly
reduced amplitude of th&/O, slow component Table 2-1)which, along with non-
significant changes in the phase Il response grofdd to a significantly lower net end-
exerciseVO, in comparison to the initial bout of heavy exeecfEable 2-3. The possible
reason for the inconsistency between the studiétagfglou et al. (2005) and Burnley et al.

(2000) may be explained by the small differencalisolute intensities between the two
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active ‘warm-up’ conditions in the Hajoglou et @005) study, which caused no difference
in MRT for EWU and HWU; whereas in the study of Blay et al. (2000), the duration

was constant and the intensity between conditidifered greatly.

EX-0 EX-%0

uc R TUC

EX-50

WORK RATE

uC R UC

Time

Figure 2-3: Example of a square-wave transition protocol.
UC unloaded cycling; R rest, EX-0, EX-50, EX-90 exse (Koppo & Bouckaert, 2000)

Burnley et al.’s (2000) findings of a reduced MRIdaslow component are in agreement
with other studies involving cycling (MacDonaldadt, 1997) and running (Billat, Bocquet

et al., 2000), which suggests that the primingatffe similar for these modes of exercise
involving large muscle groups of the lower bodyemwvith the added contributions of the

upper body and stretch shortening cycle comporenanning. MacDonald et al. (1997)

compared cycling exercise at VT with prior exercsenalf-way between VT andOzpeak

(509) and with no prior exercise, as well as invesiigathe effect of exercising in a

hyperoxic state (i.e. with greatep @vailability) on theVO, kinetic response. Billat et al.
(2000) compared priming exercise of a moderate camdinuous nature to one of a high-

intensity intermittent nature, both of equal dwat(20 minutes), on a continuous severe
intensity (intermediate velocity between velocityld (4 mmotL™) and VOzmay VAS0)
run to exhaustion, which was designed to inducéCa slow component. The moderate

priming exercise was ‘sub-LT’ (Wg) and was run at 50%\WO.max and followed by five

minutes rest, and the high-intensity intermittenining exercise was ‘supra-LT" (Wpra)
and consisted of alternating 30s at 100%O¢max and 30s at 50% WO,max and a longer

rest of 15 minutes to allow for the recovery\d®; to resting levels.
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Despite the differences in the design of their igsidboth MacDonald et al. (1997) and
Billat et al. (2000) demonstrated that prior exsecispeeds theé/O, response and
significantly alters the/O, slow component. MacDonald et al (1997) stated ttea faster
on-transient kinetics with hyperoxia and prior exsg, as evidenced by a reduced MRT
(53.4 £ 2.6 versus 37.8 £ 3.3 and 46.2 + 3.0s,easely), smaller @deficit (1.55 + 0.20
versus 1.15 £ 0.13 and 1.46 £ 0.09 ml, respect)vatyl reduced slow component (93 + 13
versus 30 = 7and 46 + 8 ml, respectively), provideilence that supply of &Zontributes

to control of tissuevO, for high-intensity exercise. Billat et al. (2008ls0 reported that
both the t and the VO, slow component decreased significantly (40% an@b6,45
respectively) in the hard intermittent priming cagrmmh, compared with a continuous
submaximal strategy. Whilg¢Ozpeakand HReaxWere not significantly different following
exercise from that of an initial incremental testekhaustion, Billat et al. (2000) reported
that seven out of eight runners develope® @, slow component (291 + 153 mL:rifin
after the light priming condition, versus only twaot of eight after the hard intermittent
priming condition (-143 + 271 mL-niM which suggests that an intensity- specific warm

up is necessary to minimise physiological stress.

It is interesting to note that similavO, kinetic responses (reducagd MRT and slow

component) occur in the Billat et al. (2000) stualyd other studies investigatingO,
kinetics (Marles et al., 2006), which like MacDahat al. (1997), were quite different in
design and mode of exercise and utilised contineyubng exercise. This provides some
evidence that the mode (i.e. cycle versus run)raatdre of the exercise (i.e. continuous
versus high-intensity intermittent) and, in someesa body position (i.e. seated when
cycling versus upright when running) do not haveubstantial influence on thg#O;
response to exercise, providing the relative wa#las similar. However, when more
extreme changes in body position are evident,fican an upright to a prone (Rossiter,
Ward, Kowalchuk et al., 2001) or supine positiomlfBrgs, Costill, Fink et al., 1990), it is
clear that the kinetic variables are affected. ebw there are studies that have
demonstrated that heavy exercise in the supingigosesults in significantly slowevO,
kinetics in comparison to upright cycling (Koga,i@ini, Shibasaki et al., 1999) and leg
extension exercise (MacDonald, Shoemaker, Tschalo®s Hughson, 1998) of identical
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load. Additionally, MacDonald et al. (1998) alseported that the kinetics of leg blood
flow were slower during supine than that of upritgd extension exercise, demonstrating
association between alveol®O, and blood flow in the active muscle(s). The auifige
results from these studies demonstrates that gotise of the mode of exercise, tV©,
kinetic response can significantly benefit from tlpgiming exercise. This was
demonstrated above by the consistently redud®tRT and VO, slow component. The
greater availability of @ and/or faster rate of LQutilisation would surely benefit the

ensuing heavy exercise through greater utilisatfooxidative pathways.

A recent study that was similar in design to thiaBidlat et al. (2000) was conducted by
Judelson, Rundell, Beck, King and Laclair (2004jngsmoderately to well-trained
(VOzpeak 62.7 = 6.7 mL-kg-min*; n = 10) cross country skiers. The subjects at study,
who were familiar with treadmill running, were rexqd to perform an incremental running
exercise to exhaustion preceded by either no puercise (MAX), by high-intensity sub-
maximal run and a 20 minute rest period (discomtirsuprotocol; DC) or by high-intensity
sub-maximal run with no rest period (continuoust@eol; CON). The intensity of the sub-
maximal runs in DC and CON were set at one staghenithan each individual’'s LT.
Although there was no significant difference WD,peax Obtained between the two active

priming conditions, the difference between MAX abD€ approached significance €
0.059; Table 2-3. This was shown by the trend of the decreasedV@gpeax With half

showing a significant decrease and half showingdifierence inVOzpear It is unclear
whether an increase in subject numbers may havee tfad difference significant or
removed any trend at all. However, due to the significant difference inVO,peax for
DC, the authors concluded that the subjects exddbgireater aerobic capacity during the
incremental (MAX) trial. The apparent reason foe dissimilarity between this study and
Billat et al. (2000) in terms of the magnitude dfieet of prior exercise, was the relative
intensity of the prior exercise and the long restiqul following the DC prior exercise.
Prior exercise was terminated when subjects [Blejtvone mM_™ above the value at the
end of the first stage. Pea&k0, values reached during the trial ranged betweet-a0d

~90% of previously attained peak values. The tahl¢hat performed at ~70%Ozpeax

would no doubt have found the task less fatiguivamtthose who recordedO, values that

18



were ~90%VOqpeax  Similarly, performing at a moderate to high ity (i.e. 70 — 90%
VOypea)) for some participants would have been fatiguingereas others would not have
to as great an extent. These factors would adtheéovariance in results, removing the
ability to detect significant effects for the emsgitrial. Unfortunately, it was not reported
if there was any difference in the stage reacheth wach trial, and it is therefore
impossible to speculate what effect prior exerbisé on performance. It can be concluded,
however, that if it is timed properly and rest timesufficient (i.e. around 20 minutes in this

case), prior exercise will not affect physiologidaka in the subsequent trial.

Recent studies (Bishop et al., 2001; Bishop et28I03) report findings consistent to those
of Judelson et al. (2004) with regards to the rignificant difference inVOapeax between
different prior exercise conditions following theerformance trial. In these particular
studies, two minute kayak tests preceded by 15 tesnof priming exercise at aerobic
threshold, 50%, anaerobic threshold, or a combination of A0&hd supramaximal sprint
efforts were used (Bishop et al., 2001; Bishoplet2803). Prior exercise conditions had
no effect onVOypeak total VO, (or VCOy), aerobic energy contribution, or accumulated
oxygen deficit (AOD) during the trials, regardlesisthe increased aerobic response and
elevated baselin®O, following the more intense priming conditioriBaple 2-3. These
findings, in particular an unchanged AOD, implytthlae VO, kinetic response in near
supra-maximal kayak performance was not influenciiferently between priming
conditions of different intensity and nature (imbétent versus continuous). Although the
VOypeak FESPONSe Was consistent among these three stutieze, appears to be some
discrepancies with regards to the actv&, kinetic response. This may warrant further
investigation into the effects of priming exercise the VO, kinetic response in maximal
and supramaximal exercise. It is possible thataese that is ‘heavy’ but still submaximal
(i.e. belowVOzpeay May exhibitVO; kinetic responses which may in fact be influeniogd
priming exercise, or ‘warm-ups’, of differing intgties, differently, or to a different
magnitude, than that of supramaximal exercise. s Tihiturn may affect performance
differently than that which has been shown by Bgskbal. (2001; 2003) in supramaximal

two minute exercise.
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Judelson et al.’s (2004) more recent study cohesdk with the work of Bishop et al.
(2001; 2003) despite differing in terms of rest ation (e.g. 20 minutes versus five
minutes) between priming exercise and performariak and Bishop et al. (2001; 2003)
using a much greater intensity during the perforceatnial (e.g. two minutes ‘all-out’ TT
versus Tmat LT + one stage). Given the high demand on atéeenergy systems during
the two minute kayak TT’s, and therefore potentialcreased AOD in comparison to that
which may be expected during exercise just above(Craig, Norton, Conyers et al.,
1995), it could be expected that a greater intgresid shorter duration performance trial
would benefit much more from the early acceler&iedtic response. This would serve to
increase the contribution of aerobic energy patlswagrly in exercise and preserve
anaerobic energy stores for later in the trial gdigu et al., 2005; Nummela & Rusko,
1995). There are however several limitations ® gtudies of both Judelson et al. (2004)
and Bishop et al. (2001; 2003). First, althougithee t nor the slow component were
directly measured, the proposed increased aerawitrilbution was not obvious in either
kayak study, as evidenced by a non-significanedsfice in AOD between any conditions
for either study. Secondly, although the AOD ceovmle some indication of whether there
has been greater availability/utilisation of, @ependant energy pathways, the kinetic

variables that best describe this process of aal@@ted/change®¥O, responset(MRT

and VO, slow component) were not calculated, or at legsbrted in these studies.

AcceleratedVO;, kinetics, as evidenced by reduced MRTtpis not evident in all studies
with respect to differing intensities of prior egese (Wilkerson et al., 2004) even with the
presence of a reduced slow component (Burnley, D&l et al., 2002) or significantly

increased HR in the higher intensities (Jones.eP@D3; Koga et al., 1997). This lack of
acceleration inVO, kinetics would seem to result in an increase id-exercise attained

VOpeakWith heavy prior exercise (s€égure 2-3. However, such a conclusion will not be

strong considering only two studies demonstratimg ahange in MRT but increased
VOypeak have been reported (Jones et al., 2003; Wilkeesoml., 2004). Previously
mentioned studies with reducedO, slow component still demonstrated increased end-
exerciseVO, (Burnley, Doust, & Jones, 2002). There is alstaddnowing that priming
exercise of greater intensity can speed\tl kinetics, however not via a reduced primary

T, but rather through a reduction in the MRT an@earden & Moffatt, 2001). Bearden et
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al. (2001) also suggested that the most importagpanse to the priming may be the
decrease in the amplitude and increase in the Tthe&low component (i.e. there was a
smaller slow component of which the onset was delpyTable 2-1; Bearden & Moffatt,
2001).

As mentioned above, théO, slow component relates to a rise\iD, above what would

be predicted from th&O,/work rate relationship (Marles et al., 2006; Pster& Whipp,
1991 as cited in Burnley, Koppo & Jones, 2005)us&ful study was performed by Marles
et al. (2006) to investigate this association betwehe VO, slow component and
VO, /work rate relationship, in which tests combiningguare-wave’ protocols with
incremental ramp assessments compared with traditisquare-wave’ protocols were
used. While it was not a true ‘performance’ téstlid allow for investigation of th&/O,
slow component and/O./work rate relationship during maximal exerciseceded by

either six minutes of heavy (90%0.may) OF NO prior exercise, and also its effects orkpea
power (Wseay. Of interest from this study was that, while eciease in slow component

was again displayed during the second bout of hexeycise along with a significantly

different VO,/workrate relationship, that sanwO,/workrate relationship was not affected

by prior exercise in the incremental test to extians despite a decreased,A¥ These
results demonstrated that there was no relatiorisétiween thevO, slow component and
the disproportionate increase MO, in incremental exercise (generally at the highages,
which the authors labelled the “extr&O,”) than would be expected from the
VO,/workrate relationship. This implies that the pbisgical mechanisms that control the
VO, slow component, whatever they may be, are notssecdy the same as those
controlling the VO,/workrate relationship during incremental exercise may be the case
with the steady-state exercise in square wave potdo Additionally, Marles, Legrand,
Blondel et al. (2007) demonstrated in a subseqséndy that, while theVO, slow

component and the “extrsO,” relationship were significantly related, theseot¥actors

responded differently following a high-intensitytenval training intervention, with a

significant decrease in the “ext\g0,” but not theVO, slow component. This data again

provides of at least some evidence of disassooidieiween these two factors, as did the
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reversed training-induced adaptations to the “e¥i@”, but no increase in th#O, slow

component following six weeks of detraining.

In summary, some studies show that an accelerdt@g kinetic response occurs as the
result of the greater intensity priming conditias, evidenced by a reducedRT and the
reduction in the amplitude (e.g. Burnley et al.p@0Hajoglou et al., 2005; MacDonald et
al., 1997) (and sometimes complete deletion) ofstbes component (Billat, Bocquet et al.,
2000). Conversely, some studies were in disagreemeh this finding however, with
some showing no reduction in MRT or(Burnley, Doust, Ball et al., 2002; Jones et al.,
2003; Koga et al., 1997; Wilkerson et al., 2004here are inconsistent findings with
regard to whether there is any change in the erdcise VO, between conditions, with
some reporting a significant difference followirigetperformance trial between conditions
(Burnley, Doust, & Jones, 2002; Koppo & Boucka2f00; Koppo et al., 2003; Wilkerson
et al., 2004) and many reporting no change (Bangilostrup, Gonzalez-Alonso, &
Saltin, 2001; Billat, Bocquet et al., 2000; Bishetpal., 2001; Bishop et al., 2003; Burnley,
Doust, Ball et al., 2002; Burnley et al., 2000; étdpu et al., 2005; Judelson et al., 2004;
Koppo et al., 2002). Performance trials of maximadl supramaximal intensities are less
likely to have a change in peak attaing®, following the trial, as it is expected that
VO2peak Will be achieved, irrespective of how one prepasesprimes’ themselves for it.
Whereas those studies that did report significafferdnce mostly consisted of sub-
maximal ‘square-wave’ designs, with constant tetatk in the performance trial between
conditions. This would in theory allow for a greawariation in the peak attainedO,
values, as participants would still be exercisingllwvithin their aerobic capabilities, in
contrast to an intensity close ¥O;peax Which would be expected to result in decreased
variation, in addition to quicker attainment, ofagevalues. One may speculate that an
acceleratedvO, kinetic response would appear beneficial as itlccaasult in reduced
dependency on the limited anaerobic energy pathwagsindicated by an observed
reduction in AOD. Again however, AOD was not catesnt in all studies, with evidence
of a reduced AOD from heavy prior exercise (Gerlehal., 1996), while others report no
difference between conditions in studies involvingavy (Judelson et al., 2004) and
supramaximal (Bishop et al., 2001; Bishop et &103) performance trials. Together, these

findings suggest that a priming strategy of gremttemsity is physiologically beneficial and
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results in greater £availability and/or utilisation earlier to the @®f exercise. However,

due to some conflicting findings, it is unclear whs optimal to elicit the desiredO,
kinetic response and further work to determine dp&mal priming intensity is clearly

required.
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3.1.3 Passive and active prior warming, ‘warming-up ' with different

muscle groups and end-exercise VO
To determine whether the effects of priming exerase related to central (i.e. heart

rate, Te, VO,, [BLa]) or peripheral (i.e. muscle temperaturey)Tand muscle
lactate/acidity) responses, investigators have ewatpthe effect of upper and lower
body prior exercise on subsequent exercise in diaerd body (Fukuba et al., 2002),
while others have directly investigated of effetirmreased muscle temperature on the
kinetic response (Koga et al., 1997). The ‘warmipgof the muscle in preparation for
exercise is traditionally achieved through exerciseHowever, increasing the
temperature of the local musculature can also Iéeaed through passive warming.
This is achieved using hot water perfused pantggéet al., 1997), warm/hot water
baths (Burnley, Doust, & Jones, 2002), or heat packcombination with heat creams
and rubs (Koppo et al., 2002). Indeed, severdissuhave been conducted which have
investigated how passive warming affects physiaalgresponses and performance in
comparison to active (exercise) ‘warm-ups’ in aterapt to confirm or deny the
proposed possibility of the benefits of ‘warm-u@ithg related to increases in core)T
and skin (E) temperature (Burnley, Doust, & Jones, 2002; Kegal., 1997; Koppo et
al., 2002).

To date, the majority of studies show that althoaghncrease iny[ often accompanies
the priming exercise (Mohr et al., 2004) and issaciatedvO, kinetic response (Koga
et al., 1997), it is only aassociation and not thecauseof the altered kinetics. For
example, two of these studies showed that passaveing of the legs did not have the
same magnitude of effect &rO, kinetic variables as the prior heavy exercise (Bay,
Doust, & Jones, 2002; Koppo et al., 2002). Duringse studies it was ensured that
both passive and active warming resulted in equaknses in yJ prior to exercise. The
findings demonstrated that the reductiontjfMRT or VO, slow component are not
directly in response to the greater increase ynp€r se, as previously suggested (for
examples see: Bishop, 2003a; Mohr et al., 2004), dsua result of more intense
muscular contractions in the greater intensity rpeercise. A contribution/influence
from the central circulation should not be ignosaace it has also been shown that an
active ‘warm-up’ produced the greatest heart r&iR)(response throughout exercise
which is likely to have increased,@ansport processes (Burnley, Doust, Ball et al.,

2002; Koppo et al.,, 2002). Taking these findingt iconsideration, it may not be
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appropriate to use the term ‘warm-up’, as it isjost an increase of the-Dr Ty that is
the goal (or outcome) of the ‘warm-up’; rather airiing’ of the whole physiological

system, including/O,, [BLa] (as discussed in greater detail below) smiperature.

Interestingly, the pulmonaryO; kinetic response (measured at the mouth) to eseerci
is reflective of actuaMO, within the active muscle (Qutilised in the muscle). This
fact has generated interest in the pulmon¥, kinetic response to priming with a
different muscle group. One such ‘square-wavetquol study, with this muscl&’O,
concept in mind, utilised both arm crank and cyetercise prior to subsequent cycle
exercise (Koppo et al., 2003). It was reported, tvile HR was significantly higher
following the second bout of exercise in both pesercise conditions than following
the control (i.e. first bout of cycling exercis#e reduction in th&/O, slow component
in the cycling trial was greater when preceded égvy cycling than heavy arm crank
exercise (Koppo et al., 2003). This could be jrteted that the effect of prior exercise
on the speeding o¥O; kinetics is greater when the prior exercise isquered with the
same muscle group. Interestingly, prior heavyiogctesulted in significantly reduced
VOgzpeakthan no both prior exercise (ségure 2-3for an example of the elevat&D,
response) and prior arm crank exercise (as display&able 2-3. The authors stated
that the reduced end-exercis®, in the prior cycling condition in comparison toeth
other conditions was likely a result of the reducaaplitude of theVO, slow
component. Thi&/O, slow component reduction may reflect that residnatabolism
was present, as evidenced by higher baseli@, which may have caused the true

magnitude of change in endD, values to be obscured.

To investigate if the acceleratedO, kinetics were caused by an increase in [BLal,
another study was carried out using different nmausgtoups in the priming and
subsequent exercise, which elicited equal [BLak(fa et al., 2002). Th¥O, kinetic
responses were compared during six minutes of daptate threshold (LT) cycling
following 1) no prior exercise (L1-ex); 2) a setaykcling at the same supra-LT intensity
(LT + A50%; range: 190-240 watts) and six minutes acteeovery of unloaded
cycling (L2-ex); or 3) six minutes of heavy armmking (~1 watts-Kg body weight;
range: 60-80 watts) and six minutes active recoeémynloaded cycling (A2-ex; where
Al-ex was the initial set of arm cranking and A2veas the subsequent heavy cycling).

The researchers declared that the prior bout df mtensity cycling (L2-ex) caused a
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significantly greater acceleration MO, kinetics than the other three conditions, as
evidenced by the effect afcausing a decreased MRT. When implementing aldoub
exponential model in an attempt to describe thetiee more precisely, it was found
that theVO, slow component (calculated by the chang&/@®, from the third to sixth
minute, VO, _3) was attributed to causing the difference in therall kinetics
between L1-ex and L2-ex, due to its significantuettbn in L2-ex. This is in contrast
to the change in, as it would appear when using the mono-exponentibich was
accounted for in the primary component, where tii@ary component (tp) was not
significantly different between conditions. Fukudtaal. (2002) also suggested that in
the second bout (i.e. L2-ex) the ‘aidedO, may be credited to improved, @ansport

to the exercising musculature, greaterudlisation in exercising muscles, and/or their

interaction.

The conclusion regarding.@ansport and utilisation in the active musclebkisly due
to the observation that prior exercise of compeaeatntensity by a different muscle

group did not aid in the acceleration of the phHse. This is consistent with the

conclusion given in the review by Whipp (1994) ttte¢ mechanisms affecting theO,
kinetics, the slow component in particular, aréuenced by the exercising limbs due to
the increase in muscle fibre recruitment. Thisdtlipsis of recruitment of additional
muscle fibres affecting the slow component duriregvy exercise has been further
demonstrated by the emergence of a slow compongmtl{ was reduced or non-
existent during moderate exercise) being accomgabie additional type Il fibre
recruitment (Krustrup et al., 2004). Additionaliy,has been proposed that because
vasodilation increases the, @vailability (and therefore oxidative metabolista)both
active and inactive muscle fibres, when the intgresnd duration becomes such that the
previously inactive muscle fibres are recruite@ythvill have sufficient @, potentially
accelerating (Bearden & Moffatt, 2001).

It is worthy of note however that it has also begported that induced muscle alkalosis
(i.e. metabolic not respiratory alkalosis) actuallycelerates th&O, kinetic response
(25% reduction int) also during heavy (87%/Ogpea) exercise (Zoladz, Szkutnik,
Duda, Majerczak, & Korzeniewski, 2005). The authstated that increased metabolic
alkalosis, in contrast to respiratory alkalosis;r@ases the concentration of £énd
HCGQO;, but that it was unclear how this would influertioe intracellular pH at the onset
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of exercise. It is possible that the resulting@ases in respiratory G@nd HCQ may

be associated with the accelerad@, kinetic response as caused by increased [BLa]

which was proposed previously by other researdiidshiop et al., 2001)

The study of Bearden & Moffatt (2001) was intenegtin that it not only reported the
change in HR an&/O, over different conditions, but also applied simkinetic models

to HR that are employed when examining 6, response (i.er, TD and slow
component). This not only allowed a more in degghcription of the HR response, but
also displayed HR an¥/O, kinetics disassociation, providing evidence tha HR
response (i.e. Odelivery) does not always mirror that of th&D, response. For
example, although bottvO, and HR kinetics displayed a decreased amplitude and
increased TD (which was not significantly differdigtween HR an&/O,) of the slow
component, the same could not be displayed withectgot. While the off-transient
differed between exercise transitions for HR, thesxere no significant differences
between conditions for th&O, off-transientt. For both the on- and off-transient
kinetics, in nearly all instances significant difaces were apparent between HR and
the correspondinyyO, T values. The authors stated that this disassoniatinphasises

the importance of local blood flow control in matuip O, demand and delivery during

non-steady-state exercise.

It is interesting to note that while a disassooiatbetween the HR andO, kinetics has
been made apparent (Bearden & Moffatt, 2001), emidealso exists that the elevated
cardiac output and HR following heavy prior exegcigas related to a decreasecnd
therefore providing evidence that accelerated ldsethay be related to sQransport
(Tordi et al.,, 2003). The researchers stated thiat estimated increase in cardiac
output, along with the more rapid adaptation indaxive metabolism (i.e. decreased
indirectly indicated that the muscle blood flow wasreased as a consequence of the
greater metabolic demand of the greater intensity pxercise. Therefore, prior heavy
exercise increases oxygen delivery through an aseren cardiac output, which again
provides evidence of at least some oxygen deliVigmitation in VO, during heavy

exercise.

In summary, most studies demonstrated that perfagyrhigher intensity in comparison

to lower intensity or no prior exercise will resintan accelerateO, kinetic response,
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whereasVOapeakis often unaffected. Based on evidence providedhe majority of
studies presented in this review, the two variathas appear to be affected the greatest
are the MRT and amplitude of théO, slow component, which are both significantly
decreased with an increase in priming exercisegitiy This accelerate®O, kinetic
response will mean that more oxygen is availabtssepafter the onset of exercise and
accordingly the oxygen deficit is reduced, theratgreasing the contribution of the

oxygen-dependant energy systems and decreasingibction of the fatiguing
anaerobic systems.
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3.2 Effects of prior-exercise on lactate concentra  tions and

metabolic acidosis

Lactate has been defined as a “left-over by-prodidichnaerobic metabolism that is
converted back into ATP” (Pearson, 2001, p. 14bhas commonly been considered in
the past to be a “waste-product”, and has widelgnbeonsidered (especially in the
coaching circles) the cause of muscle fatigue atdndental to performance. However,
recent research exists providing evidence thatatacinay have a greater and more
positive role in the regulation of energy and met®in during exercise (for examples
see Cairns, 2006; Gladden, 2000).

Gladden (2000) in a review of lactate metabolismindy exercise cited studies that
showed the uptake of lactate to be oxidised ormeexded by the glycolytic muscles
fibres back into glycogen through the process gtgheogenesis, or shuttled intra and
extracellularly for oxidation. In a review by Westlad, Allen and Lannergren (2002),
and more recently by Cairns (2006), lactate has lipeestioned as a true cause of
fatigue, and even considered beneficial to perfocea Both reviews drew attention to
the quality of ‘evidence’ suggesting lactate causasgue, which were mainly
correlational studies, and show only that theransncrease in [lactate] with exercise,
not that itcauseshe onset of fatigue. Rather, as Cairns (2008)ted out, lactate and
acidosis (increased ‘Hmay prolong fatigue, as evidenced by inducedcmigd One
cause of fatigue that was proposed from the evel@mmplied by Cairns (2006) was
K*, or K combined with H. However, it was clear that'Hvas not the sole cause of
fatigue, as has been the common belief in recemarsyein agreement with the
observation of Nielson et al. (2001) that acidifica offsets the fatiguing effects of
elevated K in the muscle. Westerblad et al. (2002) proposed, of the factors
involved in anaerobic metabolism, in fact it may the increased concentrations of
inorganic phosphate {jFfrom the breakdown in creatine phosphate (Crg) thuse the
fatigue, rather the acidosis. One suggested cafiderce reduction as caused by
increased Pwas inhibited cross-bridge function by reducingssgvity to calcium.
These two reviews have therefore presented the dalmtinevidence against the
previously held popular belief that muscle [lackdfbiLa]), blood [lactate] ([BLa]) and
H" are the cause of fatigue. It now appears thar K" may in reality be causing the

decrease in force generating capacity, possibéymbination with increased'H
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Despite the controversies surrounding the role,orah(Brooks, 2001) and effect of
elevated lactate during exercise (Cairns, 2006asmement of [BLa] is widely used as
a ‘marker in routine laboratory and field assesstseof athletes. The strong
correlation and predictive ability from lactate ébholds (and turn-points) support its
continued use, especially for endurance sportsqiets Léger, & Legros, 2002; Coyle,
Feltner, Kautz et al., 1991; Edwards, Clark, & Mabfen, 2003; Midgley,
McNaughton, & Wilkinson, 2006). The differences ihe [BLa] clearance rate
compared with clearance rate of other fatigue causietabolites, and the speed which
the electrochemical gradient across the muscle memebis restored may be an
important determinant in the augmentation of penemce (Jones et al., 2003). The
production, accumulation and subsequent clearafcgBla] during and following
exercise may be influenced by different primingtggies, which would in turn directly

affect performance.

3.2.1 Greater metabolic response with increased exe  rcise intensity

In the majority of studies, more intense priming@meise has unsurprisingly resulted in a
greater metabolic ([BLa], [MLa], pH) response (Bill Bocquet et al., 2000; Bishop et
al., 2001; Bishop et al., 2003; Burnley, Doust, &ds, 2002; Campbell-O’Sullivan et
al., 2002; Hajoglou et al., 2005; Jones et al.,320Qoppo & Bouckaert, 2000;
Wilkerson et al., 2004)Table 2-3. However, with the exception of only a few sexli
(Bishop et al., 2001; Fukuba et al., 2002; Kopp@let2003; Wilkerson et al., 2004),
this did not result in an elevated response folhgathe trial in comparison to the lesser
intensity priming conditions or the control. Aspexted there was a greater [BLa]
response in many of the studies due to the incdems$ensity of the prior exercise, but
the same absolute work time (Billat, Bocquet et2000; Bishop et al., 2001; Bishop et
al., 2003; Burnley, Doust, & Jones, 2002; CampRe8ullivan et al., 2002; Hajoglou et
al., 2005; Koppo & Bouckaert, 2000), or high intéphsompared with no prior exercise
(Burnley, Doust, Ball et al., 2002; Fukuba et 2D02; Hajoglou et al., 2005; Jones et
al., 2003; Koppo & Bouckaert, 2000; Koppo et al02; Wilkerson et al., 2004). This
would result in an increase in total work complegetbr to the trial, which logically
should result in an increase in metabolic cost.is Tan be further evidenced by the
significantly higher HR following the more intengeior exercise and also at the
completion of the trial (Bishop et al., 2001; Byl Doust, Ball et al., 2002; Koppo et
al., 2003).

37



Not all studies have reported significant differenan the metabolic response following
different ‘warm-up’/priming conditions (Bangsbo &t, 2001; Burnley, Doust, Ball et
al., 2002; Fukuba et al., 2002; Koppo et al., 2008)the study of Burnley, Doust, Ball
et al. (2002), although [BLa] and blood pH bothrdpd significantly between the first
and second bouts of heavy cycling exercise, mygdl@n the active muscle group) was
not different between the two conditions. This gegls that it may be necessary to
directly measure muscle pH in addition to blood aitl [BLa] as they can respond
differently, and that the true metabolic responsg n fact lie in the active muscles and
may not be represented accurately in the analy$i®od acidosis. However, this is an

invasive procedure to conduct.

The study of Bangsbo et al. (2001) was of simiksign to that of Burnley, Doust, Ball
et al. (2002) in that it investigated the differemttabolic response between the first and
second sets of identical exercise. Three minsw@sertial knee extension exercise was
performed twice, separated by six minutes passeeovery time. The metabolic
response to each condition is illustratedrigure 2-5and shows how the concentration
of different muscle metabolites may change bothr die time course of short-term
moderate to heavy intensity exercise and betweaditons. Consistent with Burnley,
Doust, Ball et al. (2002), [MLa] was found to be ttame at the end of the second bout
of exercise (EX2) as at end of the first (EX1). wéwer [MLa] prior to the start of EX2
was higher than at the start of EX1 (elevated [Mhba]baseline following the six
minutes of recovery). This resulted in a redua§diLa] following EX2 and
accordingly, [MLa] accumulation (measured as a fimmcof time) was lower (P < 0.05)
in EX2 than EX1. The [MLa] response was to be elgm as it was likely that the
subjects were at the peak [lactate] expected tadbheeved for that exercise intensity
(~60w) following both bouts. Of interest howeverasvthe response of other
metabolites and physiological responses. Alondp whe non-significant difference in
muscleVO; at the end of each bout, muscle creatine phospeatmed to resting level
before EX2 and decreased to the same level asgdiXi, muscle ATP significantly
decreased during EX1 and the mean rate of anaefdiicproduction was significantly
less in EX2 than EX1, and EX2 caused significagtiater blood flow.
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Figure 2-4: Rate of muscle ATP turnover during 0-5, 5-15, a&dl1B0 s of EX1 as well as during EX1

and EX2.
Estimated as the sum of muscle anaerobic energluption determined as energy release related to
utilization of CP (hatched part of bar), net laetptoduction determined as the sum of accumulation
muscle (open bar) and release to the blood (hadigrined bar), net ATP utilization (verticallynled
bar), others (crosshatched bar), and aerobic epecgluction (filled bar), determined from muscle
oxygen uptake and estimated utilization of oxygemf myoglobin. Values are means + SE.
#Significantly P < 0.05) different from 0-5 and 5-15 s (Bangsbal e2001).

These studies show that total work performed in phiening exercise affects the
associated metabolic response. However, it doeshmw how priming strategies of
different intensity, but equal total work (i.e. differing duration) may affect metabolic
responses. Thus, future research investigatinghlgsiological response and metabolic
cost of different priming strategies may want tonsider manipulating either the
duration or intensity of the different priming cotioihs so that the total work performed
during the priming exercise is equal. Some pringhglies may have achieved similar
total work performed through greater intensity prigh exercise being of shorter
duration (e.g. Burnley, Doust, & Jones, 2002),@lgh it may be necessary to calculate
(and report) the true mechanical work of the taskenhsure it is equal between
conditions, something that is lacking in most poes studies. This would allow for
investigation of the true physiological responseaogpriming strategy of different or
unique design, irrespective of the expected ine®as metabolic cost due to an

increase in total work performed.
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3.2.2 Passive warming strategies and priming with a different

muscle group

Of primary interest are those studies that compa@skive warming strategies with
active priming, or those that compared priming wdifferent muscle groups in the
‘warm-up’. These strategies allow the investigatid the effects of § and local Ty, or

increasing [BLa] through a different muscle groap,the [BLa] response in the active

muscles and on subsequent performance irrespaftotber contributing factors.

Passive warming

Similar [BLa] responses to the effects of a demdamagnitude of response with

regards to thevO, slow component and HR have been noted when otlipassive
warming techniques. Prior warming of the lowerldsrby using hot water (Burnley,
Doust, & Jones, 2002) and wrapping an electric bé&atket around the legs (Gray et
al., 2002) was shown to result in significantlysigBLa] than an active ‘warm-up’ of
high intensity, which resulted in the samg. TAdditionally, while prior heavy exercise
(six minutes at 50%) was shown to result in a significantly lower [BLthan a 30
second maximal effort sprint priming exercise, passvarming produced significantly
less [BLa] than both active ‘warm-up’ conditionsufley, Doust, & Jones, 2002). In
addition to the greater [BLa] following ‘warm-upbnditions, the heavy and passive
‘warm-ups’ elicited significantly greatehangesn [BLa] (A[BLa]) than sprint ‘warm-
up’ following the final six minute heavy exerciset, which was most likely due to the
already significantly elevated baseline [BLa] a tinset of the trial in the sprint ‘warm-
up’ condition in comparison to the other conditiorishese results were consistent with
Gray et al. (2002) who found that prior passivemiag resulted in significantly less
[BLa] than the active ‘warm-up’, despite generatthg same § immediately before
the exercise trial, a difference that was stilldewit immediately following the 30
second sprint effort (120% 4. Gray et al. (2002) also found that following: thrial

of 30 second sprints at 120% of maximum aerobicqguaan a cycle ergometer, there
was no difference between conditions with respeefpinephrine, norepinephrine, ATP,
[MLa] or phosphocreatine (PCr) concentrations. Seheesults suggest that the increase
in [BLa] from priming exercise is not wholly due tocreases in muscle temperature
and that prior [BLa] is not necessarily a determtnaf [BLa] following exhaustive,
very high-intensity, short duration exercise. Q@ferest also was the response of
acetylcarnitine, which is an indicator of the relat contribution of anaerobic and

oxidative ATP regenerating pathways to energy petdn at the start of high intensity
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skeletal muscle contractions (Gray et al.,, 2002)ncreased concentrations of
acetylcarnitine may also facilitate recovery fromgrhintensity muscular contractions
like those required to perform the maximal shontation (30 second) sprint efforts
(Volek, Kraemer, Rubin et al., 2002). This waswhdo have a significant time effect
(p < 0.05) in the active ‘warm-up’, whereas theraswo change in the control group
following the passive warming. This may be intetpd as evidence that there were
processes occurring to maintain the ATP levelshim active ‘warm-up’ group which
were not necessary in the passive warming groughe findings with regard to
acetylcarnitine, PCr and ATP were authenticatesvimrecent studies which reported 1)
these factors all increased significantly moreha &ctive ‘warm-up’ than the control
(Sahlin et al., 2005), and 2) that the kineticsP@r are accelerated (decreaseahd
slow component of PCr) during a second bout contptoean initial bout (Rossiter et
al., 2001).

Different muscle group

As with increased d, [BLa] following the priming exercise may be theykfactor that
facilitates the subsequent performance and its caded metabolic response,
irrespective of how it is achieved (i.e. with afeient mode of exercise in a different
muscle group). Interestingly, the two studies stigating the effects of priming with a
different muscle group were also the two studiesT@ble 2-3 that demonstrated a
significant difference in lactate levels betweemmimg conditions post exercise (Fukuba
et al., 2002; Koppo et al., 2003). However, theuhs between these two studies were
not consistent. Although demonstrating no sigaificdifference in [BLa] between
conditions following priming, Fukuba et al.(2002ported that both priming conditions
had significantly greater [BLa] at the terminatiohthe exercise trial than the no prior
exercise condition. These findings were not in plate agreement with those of
Koppo et al. (2003), who reported that the exergisip that were primed with arm
cranking before cycling had significantly greatedexercise [BLa] than both the prior
heavy cycling and no prior exercise groups, eveugh [BLa] was not significantly
different between conditions post priming. Theselihgs provide evidence that the
lactate andvO; kinetics may not always respond similarly to thens stimulus during
exercise. This is perhaps due to a smaller mygolgp being used during arm cranking
exercise, and therefore eliciting a smaller metabasponse. In support of this is
reported data demonstrating that ¥@, kinetic response was similar, although smaller

in magnitude, when primed by a different muscleugrgkoppo et al., 2003). Some
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studies however did not report significant effeetvieen different muscle groups
utilized in the priming exercise (Fukuba et al.02p It is also possible however that
the subjects in this study found that the arm draplexercise was harder than the
cycling. Cycling, in contrast to arm cranking, Mauoe an exercise that most of the
participants would have participated in quite regyl and coupled with the larger
muscle groups employed, it would have likely beemach easier and less taxing
exercise. This would be in contrast to the noasktof arm-cranking, where even at
equal relative intensities (e.g. as a percentagarof crank V¥eax Or power at LT), it
would be harder to perform ang,Twould be potentially decreased, with the absefce o

local musculature adaptations.

In summary, high intensity priming exercise results greater [BLa] (and other
metabolites) in comparison to priming exercise ‘aatm-ups’ of lower intensity. This
difference however is not present at the end ofstifesequent trial in the majority of
studies. This brings into question the role of @Blin fatigue and performance
enhancement. Performing prior exercise with aedfit muscle group results in a
different lactate response than when the exercisdesare the same in the priming
phase and trial. How the differing concentratiohthese metabolites affect the ensuing
exercise performance will be discussed in subsegeations.
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4. Effects of priming on performance measures
Whilst it is important to consider the physiolodi@éad metabolic responses to different

intensity exercise, the most important measureatbletes and coaches to consider is the
‘actual’ performance after prior exercise. Thisad insight into the real effectiveness of
the chosen priming strategy and how it may transfer competitive setting. In contrast to
many studies that have investigated prior exerais@hysiological measures, surprisingly

few studies have considered performance measures.

4.1 Measures of performance in cycling and maximal endurance

exercise: validity, reliability and specificity
There are many ways to assess cycling performaAceappropriate test must be chosen
which reflects (i.e. displays a strong relationshyith) the actual demands of the
competition/event. Cycling events vary greatlydaration (and intensity), from track
sprints lasting approximately ten seconds to r@mes that last over six hours, and thus a
variety of reliable and valid assessments are requio accurately quantify a cyclist’'s

physical abilities in relation to the demands ditlevent.

Numerous types of tests have been utilized to assgding performance and endurance
capacity. These include, but are not restricteccomstant load tests (Berthoin, Manteca,
Gerbeaux, & Lensel-Corbeil, 1995; Heubert et &0%), laboratory-based time trials (TT,;
Bishop et al., 2001; Hajoglou et al., 2005), peatwgr tests (Kang, Chaloupka,
Mastrangelo, Biren, & Robertson, 2001; Wilkinsoa)l&wfield, & Myers, 1999), and any
combination of these tests (Doherty, Balmer, Davig®obinson, & Smith, 2003; Doyle &
Martinez, 1998). Constant load tests can be submad for a set duration, in order to
assess physiological responses to a set worklaadapd post-intervention and to monitor
progress, i.e. a sub-maximal blood lactate or esereconomy assessment. These
assessments typically require participants to ésercat a set relative intensity
corresponding to some physiological variable (ectate threshold (LT) or a percentage of
VOypea Until exhaustion, and is called the time to limftexhaustion (i,). Lab-based
TT’s on the other hand require subjects to perfarset amount of work (i.e. total distance,

wattage or kilojoules of energy) in as little tirae possible, or perform as much work as
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they can within a set time frame. Finally, increma tests for the determination of peak
aerobic power (Wa) are commonly used in the physical profiling of athlete, either
incremental ramp (Whipp, Davis, Torres, & Wasserma881) or step test (Grant,

McMillan, Newell et al., 2002) protocols can be dise

Time-trials
Paton and Hopkins (2001), in an extensive reviewhenreliability of various ergometers
and performance tests in cycling, reported thatttee most reliable predictors of cycling
performance were Wax to predict simulated 16.1 kilometre time trial Kh&TT)
performance (typical error (TE) = 0.7%) and 40 #kikdire time trial (40km-TT)
performance, as represented by mean poweke{WTE = 1%). Interestingly, the
assessment that exhibited the value with the geateliability and the strongest
relationship with Weax in Paton and Hopkins’ review, 16.1km-TT .\, was that of
Balmer, Davison, & Bird (2000) which also exhibitadvery weak relationship when the
16.1km-TT field test was represented as ‘actualfggmance. ‘Actual’ performance was
measured by time to complete the distance, andahamirelation of only -0.46p(= 0.07)
with Wyea Which translated to a larger TE of 4.7% compdcetthat reported by Paton and
Hopkins (2001). The authors reported that thelsioaships were significantly improved
when Weakand Wheanvalues were made relative to body weight; howether correlations
of r = 0.64 and 0.66 were still only ‘moderate’ at beahd not ‘nearly perfect’
relationships, as they were with laboratory-based.Vdnd Wsean (Hopkins, 2002). When
considering the poor relationship theg, ¥ exhibited with 16.1km-TT time (in contrast to
Whean, the inability of Weax in a laboratory to predict 16.1km-TT time in aldie
assessment or race is highlighted. Both PatorHmpdins (2001) and Balmer et al. (2000)
acknowledged that the poor relationship with 16.ZKmtime compared to with Wan
reflected the marked effect of aerodynamics dudéddy size, racing position, bicycle
design and the effects of wind and ambient tempezatn cycling performance. Clearly,
this highlights the need to standardise the envmemtal conditions to ensure reliable
results, which will increase the chance of idemtifythe true effect(s) (Hopkins, Hawley, &
Burke, 1999).

One hour cycle TT’'s have been shown to be bothabkdi(Bishop, 1997) and valid (Coyle
et al., 1991). Coyle et al. (1991) tested for difi by examining the relationship that
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various mechanical and physiological variables wét ‘actual’ 40 kilometre TT (40km-
TT) performance. It was found that there was & logrrelation between average absolute

power during the one-hour laboratory-based TT artth BOkm-TT performance (r = -0.88;
p < 0.001) andvO, at LT (r = 0.93; P < 0.001). These relationstppsvide evidence of

the validity of a one-hour laboratory based TT, bwar, it does not provide any evidence
of its reliability. To address this, Bishop (19%l)bsequently investigated the reliability of
the one-hour TT. A number of interesting findingsre presented in their study. Firstly,
heart rate (HR) and ratings of perceived exert®BE) were reliable (ICC = 0.91 and 0.75,
respectively). However, they were not as reliadehe Wean (ICC = 0.97), the variable
which was previously determined by Coyle et al.99to be valid. The change in HR
between trials was not dependant on changes g Wetween trials, as evidenced by a
very weak relationship between the two variables ©0.17,p > 0.05). This not only
highlights the superior reliability of Wa, over HR, but also that the variance in HR
between trials cannot be as a result of variancé/ia, between trials. In addition, the
absence of any significant relationship betweematian in TT performance (expressed as
Wheay and best TT performanc®Oapeax OF LT indicated that the reliability (i.e. intéval
variance) was not affected by the level of conditig of the individual subjects (i.e. fithess
level does not affect reliability). It appearsrrahe results of these two studies that a one-
hour TT is both a valid (Coyle et al., 1991) anlibide (Bishop, 1997) method of assessing
endurance cycling performance in both the laboyadod as a field measure, with the most

reliable variable being Wan

The duration of a TT could influence the relialyildf measured obtained. To address this,
Hickey et al. (1992) investigated how duration etiéel reliability in endurance-trained
cyclists. Three distances were examined on fooasions: long (Tigng 64km), moderate
(TTmoa; 8km) and sprint (Tdyins 0.8km) distances. The mean CV’s were 1.01%, %.95
and 2.43% for Tibng, TTmod, @and T Epring respectively. Whilst the CV's are low, mean CV
for TTsprine Wwas much larger than for the other conditionsr the measures of time, total kJ
of energy and mean power, this difference was Sagmit (p < 0.05). The authors cited this
as evidence of the inability of endurance-traingdlists to reproduce sprint performance
with the same fidelity as either medium or longadian endurance performance. This is a

plausible explanation, given that it is expecteat ttyclists whom are familiar with only
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riding longer distances would find it difficult teproduce performances over a distance,
and at an intensity, that they are not accustornedHowever, trial four of Tif,y was
significantly different than the first three trialwith greater mean percentage \0Ozpeax
and faster performance time (~1%) which resultedaissizeable improvement of one
minute. The authors stated that a lack of diffeeem RER responses between trials
indirectly supported the assumption that this dat represent any alteration in fuel
availability or substrate utilisation relative toet first three trials, but rather the athletes
worked harder knowing that it was final trial, anbese TT performances were
reproducible. The improved performance in thelfififiong also highlights the consistent
level of motivation that is required of athletesminimise variability and ensure reliable
and valid data, however difficult this is to regela

Constant load (i) and Pre-loading TT
A novel method of testing endurance performancwisse a ‘pre-loading’ assessment,
which incorporates a combination of constant loeet@se for a set period of time which is
then followed by a TT, where the subjects eithefguen as much work as they can within
a set amount of time (Doherty et al., 2003), or whbey complete a set amount of work
(or distance) as fast as possible (Doyle & Martjri&98). Assessments using this concept
have been designed and assessed for reliabilityvin studies who suggested that, by
themselves, exercise capacity tests (i;@,) Tvere not reliable, but combined with a TT,
constant load tests may result in even greatealnéity (Doherty et al., 2003; Doyle &
Martinez, 1998).

Doyle et al. (1998) investigated the reliability thfis type of test to assess endurance
capacity in both cycling and running. Ten runnargl ten cyclists were required to
perform a trial, four times, in which they exercstr 90 minutes at a power output
corresponding to 70% 0¥Oqpeax followed immediately by a fixed distance as fast
possible which equated to the distance coveredimiutes of the constant-load part of
the test, in their respective exercise mode. Hrepnance times test-retest reliability was
r =0.59 (CV = 10.1%) and= 0.92 (CV = 4.0%) for the runners and cyclisespectively.
The authors then removed the first trial and exetud from the analysis to examine the

effect of considering it a learning trial. Thisuoéted in an increase in the reliability of the
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cycling (r = 0.93, CV = 3.5%) and a substantialréase in reliability of the running
performance (r = 0.93, CV = 4.4%). These restiltsred that this combined constant-load
and TT endurance protocol was very reliable whéreeirunning or cycling was performed
repeatedly under the same carefully controlled tmms. However, these are not
preferable over those reported for a one hour (fgighop, 1997) or 64km-TT (Hickey et
al., 1992). The findings of Doyle et al. (19983@highlight the need for a familiarisation
pre-loading test, especially when assessing runmérs it seems are less able to regulate

their performance in a prolonged exercise test tyafists.

A more recent study investigating this type of asseent focused on high intensity, shorter
duration performance (Doherty et al., 2003). [Bgréints were required to cycle at their
individual Wpea as determined in an incremental assessmentwimmtinutes, and then
immediately perform as much work as they coulddiee minute. Reported CV values of
performance measures in this assessment were ewen favourable than those of the
endurance pre-loading assessment (Doyle & Martit®98). Peak performance power
(Poeay), peak cadence () and total distance completed were 3.6%, 0.9% Z0do,
respectively, with no significant difference betwetials for either Rax nor Geax as
determined by repeated measures ANOVA. In additmrthis, Beax Cpeak and total
distance completed resulted in ICC of 0.96, 0.99 @88, respectively, thereby providing a
highly acceptable level of test-retest reliabilifyhe authors concluded that for this test, the
high ICC, lack of systematic bias between successinals, and an acceptable within-

subject error collectively verified that it was e®Ht a reliable measure of power output.

Of the TT assessments discussed in this reviewotiee that would merit the greatest
comparison with the high intensity, shorter dunatpye-loading protocol of Doherty et al.
(2003) would be the Tgint (0.8km) of Hickey et al. (1992). As mentioned abothe
TTspint Was proven very reliable, with a CV of only 0.958t1)ch more favourable than the
3.0% CV for total distance completed in this pradimg protocol. The authors of both of
these pre-loading studies (Doherty et al., 2003yI®@& Martinez, 1998) however stated
that the purpose of these assessments was to pravassessment that would be more
reliable than stand-alone exercise capacity teEisercise capacity, as measured iy, T
has been previously reported to be of low religp{lAtkinson & Nevill, 2005; Jeukendrup
& Currell, 2005; Jeukendrup, Saris, Brouns, & KestE996) of which this form of
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assessment the CV improves dramatically (e.g. seP816%; Jeukendrup et al., 1996).
The debate surrounding CV as an appropriate meagureliability of T, is contested
however (Atkinson & Nevill, 2005; Hinckson & Hoplsn 2005a, 2005b; Hopkins &
Hinckson, 2005; Jeukendrup & Currell, 2005).

Despite the range of assessments available, faiestinave compared test protocols. A
study performed by Jeukendrup et al. (1996) contp#ne reliability of three different
protocols: 1) Fm at 75% MAP (protocol A), 2) combination constamdd of 45 minutes at
70% MAP and a 15 minute TT (protocol B), and 3)re-tlour TT where subjects were
required to perform a certain amount of work (edgwatone-hour of cycling) as fast as
possible (protocol C). To allow for comparison physiological responses and
standardised energy expenditure, all three prosoe@re designed to last approximately
one hour, with each performed six times (includedearning trial). The mean CV
(individual CV range) for protocols A, B and C we@.6% (17.4% - 39.5%), 3.5% (1.7% -
5.8%) and 3.4% (0.8% - 5.8%), respectively. Wthike CV for protocols B and C were not
significantly different p = 0.88), both were substantially lower than proto& (both p
values < 0.0001).

The authors stated that the high CV associated pvittocol A supported their agreement
with Krebs and Powers (1989, as cited in Jeukendtwg., 1996) that i, is not a reliable
assessment, especially in comparison to testsanktiown endpoint; a belief that is held by
many researchers (Atkinson & Nevill, 2005; Doyle Martinez, 1998; Jeukendrup &
Currell, 2005; Jeukendrup et al., 1996). HoweJeykendrup and Currell (2005) and
Atkinson & Nevill (2005) do not account for the s& to noise ratio, as explained in detail
by Hinckson and Hopkins (Hinckson & Hopkins, 2002805b; Hopkins & Hinckson,
2005). Briefly, small increases in power outpull wften result in small, but significant,
changes in TT performance. That same increaseviep(or change in ‘signal’) will result
in a much more substantial change jm,Tone that is far greater than the CV (or ‘noisd’)
the Tinm protocol of assessment. This signal to noiseo ratilikely to be of a similar
magnitude to that of the TT, and shows why it 8aln acceptable test to assess changes in
performance. It has been recommended to perform Ty, tests to account for the
differences in the power-duration curve, just as mould perform a TT of both long and

shorter distances (Hinckson & Hopkins, 2005b).
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In summary, when examining all the studies mentioaigove, it is apparent that there are
many different ways of assessing performance ifirgyc The different assessments have
varying levels of validity and reliability. Althaln reliability, and the measures used to
represent it, is contested, the most reliable perdnce measure appears to be a TT. Itis
important that the validity of the test is consetewith respect to the demands of the
competition. It is important to take into accotime level of error associated with each type
of assessment when considering changes in perfeenaihe changes in performance
must be greater than that error to exhibit a tmedningful’ change, and therefore, the
assessor must note the smallest worthwhile changéet sure of any performance
enhancement or notable difference in performandevdsn conditions (Hopkins et al.,
1999).

4.2 Effect of prior exercise on power output andt  ime-trial performance

It can be observed ihable 2-4that few studies have incorporated a performaneasore

in their investigations on the effect of prior estee, and even fewer utilising the most
reliable (and seemingly favourable) method of essgsendurance performance — the time-
trial (TT) (Bishop et al., 2001; Bishop et al., Z)®ajoglou et al., 2005). Most have only
examined the physiological response, with the nitgjatilising fixed workload exercise

such as square-wave protocols (e.g. Koppo, Boutk&edones, 2004; Rossiter et al.,
2001). Whilst focussing on the physiological resg® is necessary from a mechanistic
perspective, considering the important outcome oreasf performance for the athlete is

equally important.

Most of the studies that have investigated priareise have used cycling (e.g. Burnley,
Doust, Ball et al., 2002; Hajoglou et al., 2005yrdicet al., 2003) and running (e.g. Billat,

Bocquet et al., 2000; Judelson et al., 2004). Hewnea unique pair of performance-
focussed studies utilising kayak ergometry werefgpered by Bishop and colleagues
(Bishop et al., 2001; Bishop et al., 2003). Bdtldges utilised a two minute ‘all-out kayak’

ergometer time trial (2min-TT) as the performanceasure to quantify peak and mean
power outputs. This duration is close to the ttaleen to complete the K1-500 metre sprint

kayak event for a state-level kayaker.
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The priming conditions used in the first Bishopaét (2001) study were of a continuous
nature, and required participants to paddle foniButes at either kayak-specific aerobic
threshold (AeT, low intensity; W1), anaerobic threlsl (AnT, high intensity; W3) or at an
intensity half way between the two (50%moderate intensity; W2). The latter study by
Bishop et al. (2003) compared the most effectiveddmn from the first study (W2; ~65%
VOypea) With @ high intensity intermittent priming protc This intermittent protocol
consisted of the same first ten minutes as theirmamis condition, but in the final five
minutes, the subjects performed five sprints abagy output corresponding to ~200% of
VOypeax Separated by 50 seconds at ~53#@qpea  The protocols of the priming
conditions of these two studies were novel in tiat only were they of shorter duration
than typically used in preparation for a supramatiendurance event, but were also much
higher intensity; in particular the intermittentrisgp nature in the latter study. Although
there were differences between the designs of wieestudies, they did exhibit similar
findings.

As discussed in previous sections, no significaffiér@nces in gas analysis values existed
between conditions with either study by Bishop ket &dditionally, the earlier study
reported each successful exercise intensity pratisamificantly greater [BLa] than the
last (W1<W2<Wa3). These physiological responsesmoge relevant when considered
along with the resulting mean power outpktgure 2-6displays the power output between
the three priming conditions at 15s intervals tigtoaut the two minute TT, reported by
Bishop et al. (2001).
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Figure 2-5: Power output responses to three kayak ‘warm-ughisities (Bishop et al., 2001)

These results demonstrated that 2min-TT performditaot significantly differ between
conditions. The moderate priming intensity (W2puiéed in 1.8% and 2.9% greater
average power output than the lowest priming intgn@V1) and the highest priming
intensity (W3), respectively, and W1 displayed 1.b¥eater average power than W3.
However, when each half of the 2min-TT was congdeseparately, improved kayak
performance was evident in the first minute of VZZ1.0 + 56.1 W), with significantly
improved Whean (5.4%; p < 0.05) when compared to the W3 (262.1 + 44.6 W).
Additionally, the greater Weanand Weaxfor the whole 2min-TT in W1 and W2 compared
to W3 approached significancp € 0.09 and 0.1, respectively), and all conditiovese
very similar in the second half of the test (1.6.7% difference). The authors suggested
that the large individual variance in )\, lessened the ability of the ANOVA to detect
significant effects. However, these results sugtieg performance may be improved with
the more intense preparation of the moderate thanotv-intensity priming condition, but
that the greater metabolic stress of the most sgt@miming condition impairs performance.
This is especially relevant when one considers finstt and second place the K1-500m
sprint kayak event are only separated by 0.01snalgmpic level (Bishop, Bonetti, &
Dawson, 2002). This relates to the authors comuiudtatement that, although the

increased [BLa] response with each successive pgimmondition had no significant effect

on the correspondingO: in this particular study but did result in a tredvards increased

55



power output, a degree of metabolic acidemia mayeoessary to accelerai®, kinetics.

Indeed, the relationship between acidemia &f@, kinetics has been supported by a
number of previous studies (e.g. Billat, Bocquetakt 2000; Burnley, Doust, & Jones,
2002; Gerbino et al., 1996). This acceleraté®, kinetic response resulting from
increased [BLa] would then be expected to resuitnproved performance through greater
contribution of aerobic energy pathways. Howetles, reduction in 2min-TT performance
following the most intense priming condition (altilgh non-significant) provides evidence
that the metabolic acidemia associated with toenis¢ a priming exercise may impair the
supra-maximal performance by too great a reduciiorthe contribution of anaerobic
energy sources, and/or by interfering with musdeti@actile processes and/or inhibition of
anaerobic glycolysis. These factors were amongethehich the authors cited to be in
agreement with Hermansen (1981) and factors whietileely to have a particularly strong
influence in an event such as the 2min-TT or K1B0Bhich has a significant anaerobic
contribution. Indeed, Bishop et al. (2001) dematst that anaerobic and aerobic

contributions during the 2min-TT were ~35% and ~6B58spectively.

Bishop et al. (2001) demonstrated that continuaut&ve priming exercise of moderate
intensity significantly improved performance in thest half of the 2min-TT compared to
the heavy intensity priming exercise. Howevers thifference was not significant between
conditions at the end of the whole trial, suggestimat performance was unchanged. The
subsequent study by Bishop et al. (2003) souglttetermine the difference between the
favourable moderate intensity continuous primingreise with that of a high-intensity
intermittent priming strategy. However, there was effect on the peak value &fO,
following the two minute trial, or the totalO,, although thevO, was significantly higher
for the last five minutes of the high intensity @mhittent priming condition than the
continuous (Bishop et al., 2003). As a resulthaf maintainedvO, and increased [BLa]
responses, performance was improved in the tri Was preceded by the intermittent
priming exercise (se€able 2-3. Again, these findings provide strong argumemntthe
increase in [BLa] as an influencing factor thatpseincrease power output and improve
overall performance. Because the [BLa] was alseadly elevated, this may have
improved performance through smaller increase8ira] and a greater ability to maintain

the anaerobic contribution to the supra-maximak.tak addition, the authors suggested
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that the significantly greater peak power after tihgh intensity prior exercise could be
attributed to the subjects being more able to iecadditional motor units for the
subsequent trial, and that it was possible thatléinge voluntary contractions required
increased voluntary neuromuscular activation. Tdosicept of improved muscle unit
recruitment has been previously shown to be relatedde VO, slow component (Krustrup
et al., 2004). Additionally, a reduction in theowl component with increased priming
intensity has been shown to result in greaté€), closer to the onset of exercise (Billat,
Bocquet et al., 2000). Collectively, this suppdhis suggestion by Bishop et al. (2003) that
additional muscle unit recruitment, and thus insegk/O, response, closer to the onset of
exercise may be the primary factors influencingfgremance following the priming

exercise.

More recently, Hajoglou et al. (2005) investigatkd effects of two ‘warm-up’ conditions
(EWU and HWU; easy and hard warm-up, respectivehy)hree kilometre cycle ergometer
time trial (3km-TT). Average power output and timeecompleted three kilometres were
measured in the trial. Following the HWU, \W, was improved in the first 500m
compared with EWU, and both were significantly geeahan the control. The Wi, in
the EWU condition remained significantly greatearttihe no ‘warm-up’ control (CON) for
the next 500m also (s@@ble 2-3. Despite the significant differences in\W,early in the
3km-TT, EWU and HWU had very similar 3km-TT time&66.8 + 12.0 and 267.3 + 3s,
respectively). These 3km-TT times were both sigaiftly less than the CON condition
(274.4 £ 12.1s) by 2.8% (EWU) and 2.6% (HWU). Tdbserved data provides evidence
of the benefits of priming exercise before highendity maximal exercise lasting
approximately 4.5 minutes. It did not however pdevevidence of greater benefits of high
intensity priming over moderate intensity, whichpgarts the non-significant overall
difference in Weanbetween conditions also reported by Bishop ef2801). The authors
stated that accelerateO, kinetics and the subsequent augmentation of aerobi
metabolism is the most feasible explanation forrompd performance, as no differences in
anaerobic energy contribution were reported. Aierobntribution to mechanical work was
calculated by Hajoglou et al. (2005) by multiplyingetabolic work and efficiency, thereby
allowing anaerobic energy contribution to be cated by subtracting work attributable to

aerobic metabolism from total work accomplishe®Ld] is likely to have played some
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role in the improved performance also, as it wasicantly greater than the control for
both priming conditions. Increased [BLa] was aésdibited in a number of previous
studies, where it appears to have a positive efigshop et al., 2001; Bishop et al., 2003;
Jones et al.,, 2003). The influence of [BLa] does seem as convincing in the work of
Hajoglou et al. (2005), due to the HWU not perfarghany better than the EWU condition,
regardless of increased [BLa]. The role of lactatexercise is heavily debated and its use
as a measure of performance has been questionedq(2006). Further work to establish

its contribution as a ‘primer’ is required.

4.3 Time to exhaustion

Four of the reviewed studies (sdable 2-2 used time to exhaustion ) as the
performance measure when investigating the effgfotiifferent prior exercise preparations
(Billat, Bocquet et al., 2000; Jones et al., 208@&wart & Sleivert, 1998; Wilkerson et al.,
2004). The results surrounding these studies app@aewhat inconsistent, with one
reporting improved performance compared to no peixercise (Jones et al., 2003), and
others reporting decreased performance in compatismo prior exercise (Wilkerson et
al., 2004) and lower intensity exercise (Billat,dgaet et al., 2000). Stewart et al. (1998)
reported improved performance in contrast to noorpexercise following priming
conditions of 15 minutes at both 60 and 70%.peax  However, following a very high
intensity priming strategy (80%/Ozpea) performance was reduced compared to 70%
VOypeax but not significantly different from the non-piiimg control. The study of Marles
et al. (2006) should be acknowledged, which alsoafestrated reduced;qJ following a
prior bout of constant-load very heavy exercise€4900;pea) compared to the no-exercise
control. However, this was not a ‘trueinTassessment, in that it was an incremental ramp
protocol to exhaustion, rather than exercise adrestant-load to exhaustion. Nevertheless,
such very high intensity priming strategies appé&arbe detrimental to subsequent

performance.

Billat, Bocquet et al. (2000), in their examinatiohthe effects of continuous sub-LT and

maximal intermittent priming exercise onfylin long-distance runners, reported that MRT

and VO, slow component were decreased, [BLa] was increasetitime spent afOzpeax
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was maintained in the intermittent condition. Sisipgly however, the result of these
effects was a significant (24.2%,= 0.02) decrease in;[ in the higher intensity priming
exercise group. This finding suggests that thédrigntensity intermittent priming exercise
may not be appropriate before competition. Theeplexl reduction in performance is in
contrast to the improved kayak performance follayithhe high intensity intermittent
priming strategy of Bishop et al. (2003). Howevthis reduction in performance is
potentially due to the greater duration of the mgrexercise used by Billat, Bocquet et al.
(2000) (20 versus 15 minutes) as well as the tipentsin the intermittent phase of the
priming exercise (20 versus five minutes).

It appears that the duration of high intensity eiser has an effect on performance. Many
previous priming related studies have adopted arsgwave design of fixed duration
(Behnke, Kindig, Musch, Sexton, & Poole, 2002; &iit, Rossiter, Kowalchuk, & Whipp,
2001; Gerbino et al.,, 1996; Koppo & Bouckaert, 200@aking ‘actual performance’

impossible to measure. One unique study howewrporated two cycle exercises at

105% VOqpeakto €xhaustion. The first bout was performed withprior exercise. The
second bout was performed after 60 minutes relsviolg the first bout and was preceded
by three bouts of 30 second maximal sprints. Tthdysthereby utilised a square-wave
design of sorts, whilst still managing to have afgenance measure:;f in each 105%
VOgpeak trial (Wilkerson et al., 2004). Wilkerson and lealgues (2004), like Billat,
Bocquet et al. (2000), demonstrated decreased MRITirecreased [BLa] with the more
intense preparation to exercise, as well as areasedVO,peax attained at the end of
exercise. In agreement with Billat, Bocquet et @O000), performance () was
significantly reduced when compared to the contanidition. One possible explanation
for the decrease in performance in these studeswhs not seen in others is the priming
strategy may have been too intense for the intensithe subsequent exercise trial, causing
a ‘fatigue effect’ rather than a ‘warm-up/primingfeet’. Clearly, some studies are
investigating mechanistic aspects rather than lgaaimealistic performance focus. This
mechanistic approach is especially evident in taeysof Wilkerson et al. (2004) where
they attempted to include a performance measureatbtwo exhaustive bouts at 105%
VOypeax @nd one preceded by three maximal sprint effaitsyn the same day, it is clear

that performance improvements were not the go#h@fstudy. Rather it seems they were
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interested in examining théO, kinetic response to the two bouts of exerciseh Wi, an

additional variable to include in their results.

Although the T, at 150% VOapeak Might not be expected to influence physiological
responses after such a long passive rest (60 rsuteas possible that because the tests
were performed on the same day, there was somg@aer effect on the [BLa] an¥O,
kinetic values following the second bout, contribgtto the ‘fatiguing effect’ of the very
high intensity intermittent priming strategy. Whene considers the positive response to
high intensity intermittent sprint priming for awent of similar duration (Bishop et al.,
2003) and potentially relative intensity, it alseems plausible that the duration and
intensity of the sprint efforts was too great fbe tsubsequent exercise. If so, this would
again contribute to the potentially fatigued stdtat the participants may have displayed
for the second bout of supra-maximal exercise pitesf the longer rest periods between
sprint efforts (five minutes versus 55 seconds) lagtdveen priming and performance trial
(15 versus 5 minutes) in the Wilkerson et al. (2084udy compared with Bishop et al.
(2003).

In the study by Wilkerson et al. (2004), the resuftrovided some indication that
physiological variables may be important determisari performance, as evidenced by the
inhibited performance accompanying the altered iplggical response in the second bout.
Jones et al. (2003) supported the notion that iffiereinces in the [BLa] clearance rate and
the clearance rate of other fatigue causing metabpl and the speed which the
electrochemical gradient across the muscle membraneestored may be important
determinants in the augmentation of performandedid appear that the increase [BLa]
improved performance as the high intensity primwogdition had a significantly greater
Tim than the no priming condition. The accelerai@, kinetics no doubt also assisted in
the improved performance by increasing &ailability at the onset of the exercise trial,
thereby enabling a steady-stat®, to be reached much earlier on. The increased tHR a
the termination of the exercise trial indicates reater demand on the cardiovascular
system, resulting in increased cardiac output, thiedefore increased  Qlelivery to the

working muscles.
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Anaerobic performance
One priming study has investigated the effects drpexercise on performance in a
protocol that was almost completely anaerobic (Stew Sleivert, 1998). Stewart and
Sleivert (1998) investigated the effects of 15 nenpriming strategies at 60%, 70% and
80% VOzpeakin cOmparison to no priming (control) on anaerahioning performance, as
measured by i, when running at 13 km-fron a treadmill inclined to 20%. It can be
observed inTable 2-2that anaerobic running performance was most ingatowith the
moderate intensity priming strategies of 60% anth AOzpeak The Tim after the control
and 80% VOypeak conditions, while not significantly different froreach other, were
significantly less than both of the moderate caodg, indicating reduced performance.
The need for a priming strategy that is of modehatavy (but not too heavy) intensity is

once again advocated by these findings.

These findings of Stewart and Sleivert (1998) ammeswvhat in agreement with those of
Bishop et al. (2001), who also reported that love TAand moderate (508 prior exercise
resulted in no significant difference in high-intéy exercise performance compared to
each other, but too great intensity prior exer@eadition (AnT) impaired performance
when compared to the moderate priming conditidrwals reported by Stewart and Sleivert
(1998) that all priming conditions had significantfreater mean body temperature than the
control condition, and 80%/Ozpeak Was significantly greater than both other priming
intensities. It was also reported that HR was igntly greater in each successive
intensity compared to the last at each time pamtcontrol < 60% < 70% < 80%. It would
therefore appear that exercising at 88#0;peak produces too great a HR response and
increase in body temperature for succeeding higgmsity anaerobic running, whereas no
prior exercise does not physiologically prepareatidete sufficiently for the high demand
exercise. Moderate intensity exercise howevefpopaed between 60% and 70%peax
appears to be the ideal preparation for exercigdbaifnature. Stewart and Sleivert (1998)
stated that they were investigating ‘anaerobicqerénce’, and at 13 kim™, 20% incline,
and lasting little more than 70 seconds in the nedf&ictive priming condition, it can be
considered to have quite a significant anaerobitrdmution. Indeed, in a review on energy
system interaction it was reported that equal domtion of aerobic and anaerobic energy

systems occurred ~75s into maximal effort exer@&astin, 2001), which is longer than the
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trials in the study of Stewart and Sleivert (1998). a high intensity task such as that of
Stewart and Sleivert (1998), which of short dumatemd of an anaerobic nature, it is not
likely sufficient oxidation will occur. This in-tm would result in decreased contribution of
aerobic metabolism towards energy production arbation of gluconeogenesis (Billat,

Sirvent, Py, Koralsztein, & Mercier, 2003). This & probable explanation for the
decreased performance with the elevated [BLa] énhtighest exercise intensity in contrast

to many of the previously discussed continuous earte trials.
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5. Conclusions

Two of the key mechanisms that have been showmaoge with increased intensity of
prior exercise are [BLa] an®/O, kinetics. This was seen in the increased [BLa] an
decreased, indicating a shorter MRT and thus accelera¥®, kinetics. The increased
delivery and utilisation of @nearer the onset of exercise was beneficial irvighog
contribution of the @ dependant energy systems sooner in the exercidetha increased
[BLa] also provided increased fuel for energy metmion. However, if the priming
intensity is excessive, it will be fatiguing, rath#han assisting. Rather, the induced
metabolic responses such as muscle/blood acidodidigh levels of [BLa] may actually
inhibit muscle contractile ability and thereforebsequent performance. However, if the
priming intensity is too low and the duration iotshort, or the duration of recovery
between the priming exercise and performance igteat, then the effect of the priming

may be lost.

Considering the data presented, there appearsadihe line between a beneficial ‘warm-
up’ and one that is either not sufficient or onattbauses too great a metabolic response
and is fatiguing. Therefore it seems beneficiat the duration and intensity of the priming
exercise is sufficient to obtain physiological respes that are elevated to near the

magnitude of those to be expected during perforeanc

Directions for further research may also be conmsidlédrom the evidence presented in this
review. It would seem beneficial for further resdato investigate not only the effect that
increased temperature change has on performantcaldouhow much change inTc is
required for a positive change, and what magnitaflencrease much would result in
diminished performance. This would be achievedugh more carefully controlled
studies, with temperature changes (or the methedd to obtain temperature changes) as
the independent variable, such as those by Burfleyst and Jones (2002) and Gray and
Nimmo (2001). Similarly, the influence of [BLa] akey determinant of performance does
not as convincing with contrasting evidence presgimn the review (Bishop et al., 2001,
Bishop et al., 2003; Hajoglou et al., 2005; Jorteal.e 2003), in addition to the evidence
presented by Cairns (2006) questioning the roléacfate in exercise and its use as a

65



measure of performance. Further work to establishcontribution as a ‘primer’ is

required.

It becomes apparent from this review that physiclagesponses can in fact differ greatly
with respect to priming exercise. It would alsortmed from this review that the specific
duration, mode and intensity of the priming exexcisould differ depending on the
duration of the subsequent task, be it a largebesobic task (Stewart & Sleivert, 1998),
perimaximal (Bishop et al., 2001; Bishop et al.020Jones et al., 2003) or one that places
high demand on not only the anaerobic energy patbwaut also large aerobic contribution
(Hajoglou et al., 2005). Much of the priming exsecresearch to date however has
neglected this performance element, highlighting tteed for more research to help
develop priming strategies that can be directlyliadgo specific performance, such as K1-
500m Kayak (Bishop et al., 2001; Bishop et al., 30@nd track cycling distances
(Hajoglou et al., 2005). Additionally, future reseh further investigating the intermittent

nature priming strategies on specific performan@nts would also be warranted.
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Chapter Three: Methods

1. Participants

Ten well-conditioned endurance-trained male cylisere recruited for this study from
various cycling clubs within the greater Aucklanga Their characteristics are presented
in Table 3-1 The majority of participants regularly competedoth road and ‘endurance
track’ events, i.e. pursuit distances or greatearticipants were training regularly at the
time of testing, with a minimum training volume @00 kilometres per week. All
participants were informed of the risks associatéti the testing and the requirements of
participation both verbally and in written form,cawere given the opportunity to have any
guestions answered. Prior to participation, alitip@ants gave their written informed
consent in accordance with Auckland University @chinology’s ethics committee, and

completed a medical screening questionnaire.

Table 3-1: Participant anthropometric and physiological chesastics

Measure Mean + SD
Age (yr) 28.3+8.4

Body Mass (kg) 81.8+11.6
Height (m) 1.8+0.1

Woeak (W) 359.7+35.4
Weakkg" (W-kg?) 45+0.6
VOzpeak(L-min™) 46+0.5
VOopeak(ML-kg™*-min ) 57.5+8.6
HRpeak (b-miri*) 185+ 12
[BLa]peak (Mmol-L?) 7.7+1.4

Power at LT (W) 228.0+21.0
Power at LT (%Wea) 63.7 £6.7
VO, at LT (L-min?) 3.4+0.3
VO, at LT (%VOzpea 74.3+9.9
HR at LT (b-mif) 149 + 10
HR at LT (%HRea) 80.5+6.1

Power at LTP (W) 286.5 £ 28.7
Power at LTP (%\ay 79.8+5.2
VO, at LTP (L-min?) 4.1+0.3
VO, at LTP (%VOzpea) 88.4+55

HR at LTP (b-miff) 167.4+7.9
HR at LTP (%HRea) 90.7+2.9
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2. Equipment

Ergometer

An electro-magnetically braked cycle ergometer @ifein, Racermate Inc, Seattle, USA)
was used for all physiological assessments, prirakggcise and three kilometre time-trials
(3km-TT). This model of ergometer utilises an &l@enagnetic braking system to increase
the amount of force applied to the rear wheel & thachine, where the assessor can
predetermine the distance required to completewi#is the 3km-TT), or the level of
resistance (i.e. power output) on the flywheelepehdent of pedalling cadence (as with
the incremental step test). This ergometer allofeethe design of different ‘protocols’ or
‘courses’, which in this study were the incremestaip test and 3km-TT, respectively. It
can also be in operated ‘manual mode’ whereby #réigipant is able to self-select the
level of resistance, cadence and duration of esereis was the case in the priming portion

of assessments.

Pulmonary Gas Exchange
An automated breath-by-breath system (Metamax 2Bte&, Leipzig, Germany) was used
to record pulmonary gas exchange measures dursngntnemental peak power test, the
priming exercise and 3km-TT. This system has avgmoreliability and validity when
compared to the Douglas bag as the traditional gibéthdard measurement (Larsson,
Wadell, Jakobsson, Burlin, & Hendriksson-Larser)40

Calibration of the gas analysis system was perfdrprér to all assessments, using a two-
point calibration procedure. This involved caliiimg the apparatus to ambient air, which
was assumed to be 20.93% énd 0.03% C@ and then to a known mixture of high-
tolerance calibration gas (BOC, Auckland, NZ), cosipg of 14.82% @and 4.80% C@
Further ‘checks’ were then carried out followinge ttwo-point calibration to ensure the
values of the surrounding environment were in tbquired range. The two-point
calibration and ambient air ‘checking’ procedureswapeated until acceptable values (+
0.02%) were reached. Following the gas calibrative flow-volume transducer was
calibrated using a three litre syringe (Hans RuldplgS). This calibration was verified

with three different ventilation rates, accordinghe manufacturer’s instructions.
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Heart rate
Heart rate (HR) measurements during all testingises were carried out using a S625X
Polar heart rate system (Polar Electro Oy, Kempl€ieland). This device measures and
records HR data at an interval of every five sesonflanufacturers claim accuracy of
heart rate measurements to be + 1% or + 1 b'ngwhich ever is larger) during steady-
state conditions. The accuracy and reliabilitypolar heart rate monitors have been proven
when compared to ECG measurements (Achten & Jeukend®003; Laukkanen &
Virtanen, 1998).

Blood lactate
Blood, collected in 25 pL capillary tubes of blosaimples, was analysed for blood lactate
concentration [BLa] using a YSI 1500 Sport analy&&gllow Springs, Ohio). This device
has proven reliability when compared with the Agmrs and Lactate Pro lactate analysers
in the analysis of various blood lactate transititmesholds (Buckley, Bourdon, &
Woolford, 2003).

Prior to each testing session, calibration of ti&4 Mctate analyser was performed using a
synthetic lactate solution of 5 mmol*l(YSI 2327). A check was then performed using the
same 5 mmol-T* solution to ensure that the values given wereiwiém acceptable range
(5.0 + 0.2 mmol-[). If the values were outside of this range, aeottalibration and
check procedure was performed until the device walibrated sufficiently to give
acceptable values within the specified range. &het this nature were also carried out

intermittently throughout assessments to ensure tlvas no drift in the calibration.

Core Temperature
Core temperature €) was measured using a FirstTemp Genius tympamaonthmeter
(Intelligent Medical Systems, Carlsbad, Californiajhis device is reported to be among
the best of the infrared ear thermometers (IREfQyiding the greatest ease in calibration
and measurement, and uncertainty of only +0.01&4s the only IRET with the maximum
permissible error in compliance with the requiretaesf the relevant standards in medical
diagnostics (Pusnik & Drnovsek, 2005). To meaduwethe probe was placed into the left

ear cavity and the handle twisted inwards and tdevdhe jaw to ensure a good seal,
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according to manufacturer's recommendations. Awas not used during testing and
cotton wool was placed into the ear between sampeprevent convective cooling

(Hansen, Daley, & Leelarthaepin, 1993).

3. Experimental Procedures

All tests were performed at AUT's Human Performaricgboratory located at the
Millennium Institute of Sport and Health. The ladry is well ventilated and
environmental conditions were standardised. Therktory was temperature-controlled

within the range 19-2C, and humidity was consistently in the range 6f76@o.

In total, participants were required to visit tddratory six times. The first visit involved
an incremental step test and an initial 3km-TT femsation. The second visit was
another 3km-TT familiarisation. Visits three tax svere the experimental 3km-TT’s, each
preceded by a different priming exercise conditjiandomised order). Prior to the first
assessment, the participants own bike dimensiome measured and recorded so that the
cycle ergometer resembled the rider’s preferredipets closely as possible. This included
crank length, and height, reach and angle of thmalleabars and the height, fore and aft
position and angle of the seat. Additionally, geaticipants own pedals were fitted to the
cranks of the ergometer to allow them to ride itlown cycling shoes. Participants were
then instructed to ride at a low to moderate rasist on the newly arranged set-up for one
to two minutes to request any final minor adjusttadrefore confirming the set-up. Once

confirmed, this set-up was then recorded and hatgtant for all future testing sessions.

Incremental Step Test
The purpose of this assessment was to determirfe pticipant’s peak oxygen uptake
(VO2pead, lactate threshold (LT), lactate turn-point (LT&)d peak aerobic power (V.
Prior to the test, participants were required taleivn for five minutes so that both resting
[BLa] and HR could be determined. Participantsitharted a ten-minute bout of priming
exercise. Participants were instructed to stagiaje@g at a low power output (<100 W),
and gradually increase power to, but not exceedii§) W. Following this priming
exercise, participants were allowed five minutesvirich to perform any last stretches, get

a drink, etc.
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The incremental step test started at 150 W andistedsof a “five-on, one-off’ protocol.
This protocol required participants to exercisetted required power output for five
minutes, with one minute at 100 W in between edafesto allow for blood sampling for
lactate analysis. HR was recorded in the lastet®rsds of each stage. Power output was
progressively increased by 30 W per five minutgyestantil exhaustion. The test was
terminated when the participant could no longerntaén a cadence of at least 60 rpm in a
30-second period or the participant stopped duelitonal exhaustion. Participant’s were
allowed to stand-up out of the saddle intermitiefitla drop in cadence was starting to
occur, but were encouraged to remain seated ipatidle for the majority of each stage, as
well as maintaining a relatively constant cademcettghout the assessment.

The LT was defined as the first deflection pointlommol-L* or greater above baseline
(Yoshida et al., 1987 as cited in Bosquet et 802} in the [BLa] vs. power output curve.
LTP was defined as the point in the [BLa] vs. powetput curve before the observation of
a second sudden and sustained increase in [BLafthacided with a [BLa] of between
approximately 2-5 mmol-t (Hofmann, Bunc, Leitner, Pokan, & Gaisl, 1994; Nl et
al., 2006). To confirm the second deflection poanmodified D-max method of Cheng et
al. (1992) was utilised. All LT and LTP analysisasvperformed by two independent

examiners, and where discrepancies occurred,dekaminer was used.

VOomax Fepresents the maximum achievable rate of oxy@eh during maximal exercise
that can be inhaled and delivered to and used éytbrking muscles (Saltin & Astrand,
1967). It is often identified by a plateau WO, despite continued increases in exercise
intensity. However a plateau MO, is not always observed; and along with the finding
that different protocols (e.g. discontinuous stegsus continuous ramp) and different
exercise modes (e.g. cycle versus running) mayl ylgferent maximal results; it has been
proposed that it may be more accurate to termthi@gpeak, rather the maximum, rate of
VO, (Day, Rossiter, Coats, Skasick, & Whipp, 2003k ¥O,peax  Thus, for this study,
VOypeak Was defined as the peak @alue achieved during the incremental assessment,
averaged over a 30 second period.
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Three kilometre time-trial (3km-TT)
Laboratory-based time trials of varying distancasehbeen previously shown to be both
reliable and valid measures of cycling performa(Beshop, 1997; Coyle et al., 1991,
Hickey et al., 1992; Paton & Hopkins, 2001). Aduhally, Hajoglou et al. (2005)
successfully utilised 3km-TT in a similar primingudy. In an attempt to familiarise the
participants with the laboratory-based 3km-TT pecotp two familiarisation trials took
place. The first one was in the same initial visitwhich the incremental step test was
performed. Following exhaustion from the increnaémést, participants were encouraged
to ‘spin’ against a very low resistance (~50 W) fise minutes, followed by ten minutes at
a power output corresponding to 50% of thg.A/followed by another five minutes of low
resistance spinning. This low-intensity activeoreary strategy was designed to facilitate
recovery from the incremental assessment to allffecteve participation in the 3k-TT
familiarisation. This method has been shown teffective and contribute towards reliable
high intensity efforts following exhaustive incremt@ exercise in a recent study from our
laboratory, of which the manuscript is currentlyinige written (D. Bonetti, personal
communication, 01 July 06). The second familidiisasession was carried out within a
week of the incremental test. Participants wegglired to perform a priming exercise of
self-selected duration and intensity and the 3kmwiith five minutes of passive rest in
between the priming exercise and 3km-TT. Theselifmmsation sessions had the purpose
of allowing the participants to become familiar hvit) riding on the Velotron ergometer,:
2) the high intensity nature of the 3km-TT; 3) thecing strategy of the 3km-TT and 4) to
help the participants determine the fixed-gear thay wished to use in all subsequent
3km-TT efforts. During all visits to the laborayofor 3km-TT’s, participants were
required to sit in an upright position for approzately five minutes so that resting [BLa],
Tc and HR could be measured. To avoid any influexfogrcadian variance, participants

performed all 3km-TT’s at the same time of the day.

Pre-3km-TT priming exercise
The effect of four priming exercise conditions darBTT performance were investigated
in this study: one control condition of self-sekgttduration and intensity (i.e. the riders
own preferred pre-competition priming exercise, ) and three, different 15 minute
high intensity intermittent priming exercise comits. These were similar in design to the

priming strategies utilised by Bishop et al. (20@8) are schematically illustrated in
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Figure 3-1 Before the priming exercise commenced, partidpavere seated on the
ergometer whilst resting/O, was measured. For the first ten minutes of thbsee
priming exercise conditions, the intensity wasated power output corresponding to half-
way between the participant's own previously deteed LT and LTP (50%). For the
last five minutes, participants were required tdgren five sprint efforts, each lasting ten
seconds and separated by 50 seconds during whegbattiicipants were required to cycle
at a power output corresponding to, but not exeegdiT. The set workloads for the ten
second sprint efforts in the three conditions wet®0% Weak (WU10009, ~150% Weak
(WU1s009 and ‘all-out’ (WUy.ou). We had originally intended to assess a prinexercise
condition with sprint intensities of 200% M\, however in pilot work it was found that for
most participants ‘all-out’ efforts were of a siarilpower output to 200% Mk« thus
making that condition redundant. Following theemmittent priming exercise bouts,
participants were given five minutes of passive, resated on the ergometer, prior to the

subsequent 3km-TT.

2min 10min; 5 x 10s sprint efforts, ~ 5min 3km-
resting separated bv 50s at passive
data
L J L _JL 1L ] * * *
*
* = [BlLa] &
Tc

Figure 3-1: Experimental protocol
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Participants were then given a one minute verbahivg before the start of the 3km-TT,
and then a five second count-down. The start ef3km-TT was a ‘standing start’, as
would be the case in a track race in a velodromth the flywheel completely still. To
minimise variation due to learning effects in pagcian individualised pacing strategy was
given to each participant. This required partinigato generate as much power as they
could in the first 15 seconds (which in reality we80% maximum effort for most) and a
five to ten second transition to a power output thas 100-110% of Wax which was
maintained for the rest of the first minute. Altigh this ‘all-out’ sprint start was not
necessarily representative of how participants ddypically start an individual pursuit,
we felt that it was a necessary and effective nekettm generate power quickly and
consistently at the start of the 3km-TT. Pacimgtegies similar to this have previously
been used successfully and found to result in \aid reliable data (Bishop, 1997; Bishop
et al., 2002). In addition to this, there is datanorld class pursuit riders that show women
and men reach similar power output values (~100@syvan the first ten seconds of the
3km and 4km individual pursuits, respectively (Jukup, Craig, & Hawley, 2000), and
some that reported that 4km team pursuit rideraiol#verage power of ~600 watts at the
start of the trial (Broker et al., 1999), therelrg\pding justification for the ‘all-out’ sprint
start of the 3km-TT. No verbal encouragement weasrgto participants at anytime during
the 3km-TT following the initial 15 second build-upTo avoid influence of externally
motivating factors the same two assessors weremrés each individual participant. The
only feedback provided to participants was distatmeered at selected points. This was
given in an emotionless voice and the feedback exaxctly the same every time and
included, “that’'s one kilometre”, “that’s one poifilve kilometres, half-way”, “one
kilometre to go”, “last 500 metres”, “400 metres300 metres”, “200 metres”, “100

metres” and “50 metres”.

4. Data Analysis

Power calculations
As the stages of the peak power incremental test ¥ie minutes in duration, final peak
power (Wea) Was measured as the participants’ fully complditezlminute stage plus any

additional 30-seconds of the next stage worth alitiadal three watts. Following the end
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of both the priming exercise and 3km-TT, mean poM&fean, Wpeak @and duration were

recorded as displayed by the Velotron software.

Physiological variables
During all experimental 3km-TT’s, cland [BLa] were recorded at rest, immediately post
priming exercise, ~one minute and 15 seconds ([Blre] T, respectively) prior to the
start of the 3km-TT, and immediately following tBlem-TT.

All VO, and VCO, data was recorded breath-by-breath, and to reitheceffect of breath-
by-breath variability, outliers were removed usingpuilt functions in the Cortex software,
thereby reducing the ‘noise’. For determination\.peax data during the incremental
assessment was averaged on a 30 second basisp&dicipant’'s absolute/Ozpeax Was

recorded as the highest 30-secof@, value obtained during the test.

VO Kinetics
During all 3km-TT efforts,VO, was measured on a breath-by-breath basis. Daga wa
collected ‘non-stop’ from resting values, duringe tipriming exercise, the recovery
following the priming exercise, and to the endlad trial. Two minutes of resting data was
collected with the participants seated on the eegem VO, and HR values were recorded
during and following the ten minute steady-statereise portion of the priming exercise.
Additionally, the maximum values following each teecond sprint, the values just before
the start of the next sprint (i.e. how much it hradovered), immediately following the
priming exercise, immediately prior to the 3km-Tile(how much it had recovered) and
immediately following the 3km-TT were recorded. ll6aing both the priming exercise
and 3km-TT the mean and maximum values were notBdseline values pre-priming
exercise and 3km-TT were averaged on a two minasgspwith theVOzpeacvalues during
and the post-values following the priming exerasel 3km-TT averaged on a 30 second

basis.

After removing the outliers in the breath-by-bredtta, the data was interpolated to one

second intervals to allow the fitting of models éamining thevO; kinetic response. A

mono-exponential model, with time delay, was fithe data. This model from time zero
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has been used previously (e.g. Hajoglou et al.520@hipp et al., 1981; Whipp et al.,
1982). The reason for utilising a mono-exponentildel rather than a multiple term
model was that, due to the high intensity naturthef3km-TT (mean power Wpea)), VO,
values were expected to reach their upper limies iOzpeay Very early after the onset of
exercise. The&/O, response was modelled using the following equation

AVO; (t) = AVO, (ss) x (1 — &9
whereAVO; (t) andAVO; (ss) are the changes in oxygen uptake at timent)fem the
previous steady-state control period (i.e. baseliaees pre-trial), respectively, is the
time delay and is the time constant of th¢O, response (Whipp et al., 1981). In addition
the mean response time (MRT) was determined bygusiono-exponential constraint to
start at exercise onset € 0). The Q deficit was determined using the following formula

O, deficit = MRT xAVO;(sS).

Statistics

Once individual values had been obtained, they wetered into an MS Excel statistical
spreadsheet designed by Hopkins (2003). Data wggransformed and trials were
compared using Pairageests, with priming exercise condition as the nedfect, and 3km-
TT time, Rnean and associated physiological variables as thepiewgent variables of
primary interest. [BLa]VO,, HR and E during the priming exercise and 3km-TT were
also investigated using thietests to measure their relationship with primingreise
condition. Statistical significance was acceptedra alpha level ok 0-05. Qualitative
inferences from the data were also determinedcatitig if the effect was substantially
positive and negative, or beneficial and harmfahton and Hopkins (2001) have estimated
smallest worthwhile effects in cycle performanceeasments of 0.5-1.5% in\, This
was based on the variability reported in compediperformance of elite cyclists in various
time trials where drafting and group tactics did centribute. Therefore, for the purposes
of the current investigation, an estimate of thealtast substantial change in the key

variable was required. To make these inferencestas assumed to be 1%.
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Chapter Four: Results

Presented in this section is a description of tlénmesults. A full statistical report on
all differences, including means = SPp,values, percent change, percentage SD of
change and confidence limits can be found in Appefhd Unless stated otherwise, all
statistical values relating to percentage change significant difference are log-

transformed values.

Table 4-1: Power output related variables during the primihgge of each condition (Mean + SD)

WU con WU 100% WU 150% WU all-out
Time (m:s) 15:33 £ 04:43 15:00 15:00 15:00
Time range 8:26 - 20:00 - - -
Winean (W) 2225 250.7 263.2° 264.0°
Weak (W) 496.0 383.6 553.6° 658.1°

2Significantly different from Wi, (p < 0.05)

® Significantly different from W, (p < 0.05)

¢ Significantly different from W, and WU gge, (p < 0.05)
4 Significantly different from all other conditiorfp < 0.05)

The priming phase of W4, was on average 33 seconds (3.5%) longer thanaddble
controlled intermittent sprint priming conditiorethough it ranged from ~8.5 to 20min
(Table 4-3. Wmean (Wpeay in WU, was 11.2 (-29.3), 15.5 (10.4) and 15.7% (24.6%)
less than Wlhow, WU1500,and WU, ou, respectively.

1. Performance measures (time, mean power output, Winean)

The mean (x SD) power, and its associated variabbeshe 3km-TT are presented in
Table 4-2 No significant differences in 3km-TT performan@®&mean Or time) were
observed between Wk}, WU1009% 0r WUi500, fOr Winean This was also apparent for the
first half of the trial when considered separatel@onversely, the Wil priming
condition resulted in substantial reductions inhb@tyean and Wreanfor the whole trial
and first half of the trial (Wean - +» way When compared to all other priming conditions.
There was a -5.8% change inhW\, between Wl.o,t and WU, (Table 4-3. The
qualitative inference associated with the 90%CL3(-8-3.1%) was ‘almost certainly’

negative.
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Table 4-2: Power output related variables during the 3km-TTelation to priming exercise condition

(Mean £ SD)
WU con WU 100% WU 150% WU a-out

Time (m:s) 04:18.2 +00:11.3 04:19.2 +00:12.9 04:19.6 + 0813 04:23.8 + 00:13.6
Time (s) 258.2+11.3 259.2+12.9 259.6 + 13.6 263.8 + 135

Wpeak-1T 634.0 + 149.9 640.7 +176.4 619.5+171.7 575.4%Q0°
Whnean 378.6 £+44.0 376.3+44.9 373.9+47.8 357.4+445
Wiinal 398.7 +57.1 388.8 +57.8 389.2 £+ 63.9 372.4 +68.9
Timey, way(m:s) 02:09.9 +00:05.4 02:10.3 +00:06.5 02:10.0 + 00806 02:11.9 + 00:06.2

Times, way(S) 129.9+54 130.3+6.5 130.0 + 6.6 131.9+%6.2

Whean-1way 381.5+41.1 379.9 +45.7 382.3+47.5 365.9 + 42.3
W 1, way 366.7 £41.7 367.9 £45.3 363.1+43.4 345.7 +87.5

&Significantly different from W, (p < 0.05)
b Significantly different from both WL, and WU g (p < 0.05)
¢ Significantly different from all other conditiorfp < 0.05)

Table 4-3: Log transformed mean changes in performance,(yV from control (WU,) between
conditions and chances that the true differen¢bérchanges is substantial

Condition WU 100% WU 1500 WU gj1-out
Change in mean (%) -0.7 -1.5 -5.8
SD of change (%) 3.9 4.2 4.7
90% confidence limits (%) -3.0-1.6 -3.8-1.0 -8.3--3.1
P value 0.5713 0.2955 0.0033
Practical inference unclear unclear almost certainly harmful

*Based on a smallest worthwhile beneficial or hatrhange in performance of 1%

The Wheanand time for each 500 m segment of the 3km-TTreperted inTable 4-4
with a corresponding graph of M4,in Figure 4-1 No significant differences in ¥an
existed at any stage throughout the 3km-TT amolgst., WUi000 and WUsoo,
However, Whean in the WU,0u: condition was significantly reduced compared te th
other conditions in all but the second 500m (500610). In the first two 500m
segments there was no difference betweenahd WU.ou (p = 0.0724 and 0.2143;
0-500m and 500-1000m, respectively), but it carobgerved irFigure 4-1andTable
4-Athat this difference is still quite substantial d@snonstrated by a difference in W,

of 25.9 Watts (6%). These two conditions had treatgst difference in Wan by the
end of the 3km-TT. The final 500m of the 3km-TTsnthe segment where the greatest

difference in WheanWas observed between WWJ,: and the other conditions.
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Table 4-4: Mean power output and time at 500m segments dani@@km-TT in relation to priming

exercise condition (Mean + SD)

390 A

Mean power (W)
&
o

w
BN
o

360 -

350 A

340

WU con WU 100% WU 150% WU ai-out
Segment (m)
Mean Power Output (w)
0-500 404.1 £ 66.9 406.4 +77.1 406.5 £ 85.0 378.2+61.4
500-1000 369.9 +33.5 366.5 +£ 32.7 368.8 £+ 37.5 363.0 +£ 38.8
1000-1500 371.0+36.8 367.9+41.8 366.4 + 39.7 352.4 +40.0
1500-2000 367.2+45.3 364.7 £49.2 358.0 £49.0 345.0 + 46.5
2000-2500 371.8+49.3 368.3 £ 55.2 363.5+57.1 350.2 + 56.7
2500-3000 389.3+51.8 385.7+47.5 384.9 +67.8 357.7 +55.5
Distance (m) Time (S)
500 444 £2.7 445+ 3.5 442 £ 3.8 45.1+3.0
1000 87.3+3.9 87.6+4.7 87.0+5.1 88.2+4.6
1500 130.1+£54 130.6 £ 6.4 130.1 £6.7 119.3 +42.3
2000 173.2+7.3 173.8 + 8.6 173.6 + 8.8 176.1 +8.4
2500 216.1+£9.4 217.0+10.9 217.1+11.1 220.2 + £1.0
3000 258.3+11.3 259.3+129 259.7 £+ 13.6 263.8 + 35
aSignificantly different from both WJ, and WU gy (p < 0.05)
bSignificantly different from both Wi$qy, and WUsge, (p < 0.05)
¢ Significantly different from all other conditiorfp < 0.05)
410 A
—o—con
—{3-100
—X—150
400 —— all-out

0-500 500-1000 1000-1500

Distance (m)

1500-2000 2000-2500 2500-3000

Figure 4-1: Mean power output at 500m segments during the 3kniATrelation to priming exercise
condition.
For clarity, SD and individual significant differe@s are not displayed on this graph but are
summarized in Table 4-3.
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2. Physiological parameters

Blood lactate concentration ([BLa])
There were no significant differences between doma with respect to resting [BLa]
(Figure 4-3. Immediately following the priming exercise, tfigLa] for WU, and
WU 1009 Were not significantly differentp(= 0.2863). However, both Wkhe, and
WUg,iout resulted in significantly greater [BLa] post-primgi than both Wb, (p =
0.0225 and 0.0006, respectively) and M (p = 0.002 and 0.0004, respectively). In
addition, a greater post-priming [BLa] for Wildut compared to Wikoe, (p = 0.0203)
was observed. Following the five minutes passe& after priming, Wiko, [BLA]
was still significantly elevated in comparison tdJW, (p = 0.032) and Wobos (p =
0.0002), and WU}.out Was elevated in comparison to all other conditigms: 0.015,
0.0001 and 0.0151 for W}, WU100% and WUsoe, respectively). No significant
differences in [BLa] were apparent immediately [fish-TT.

167

E con
] 100%
149 M 150%
all-out
12
(o]
10 c

[BLa] (mma)
[00]

AN\

Rest Post priming Pre 3kmTT Post 3kmTT

Figure 4-2: Blood lactate concentration at different stagesfirest to immediately following the 3km-
TT in relation to priming exercise condition

2Significantly different from Wi, (p < 0.05)

b Significantly different from both WL, and WU g (p < 0.05)

¢ Significantly different from all other conditiorfp < 0.05)
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Core temperature @)
Resting & values in WUsoy, were greater than Wk (p = 0.0423;Figure 4-3. No
other differences in restingcTexisted between conditions. Wldy: resulted in
significantly (o = 0.0347) greater post-primingThan WU, The pre-3km-TT ¢ for
WU,iout Was also greater than Widy, (p = 0.0482). Following the 3km-TT the only
significant difference was the-Tor WU,..out cOmpared with Wihoo, (p = 0.017).

38.57

Econ b
a
0 100%
38.01 M 150%
& all-out
b
37.54
© 37.01 a
@
=
©
L 36.5
£
i}
o
o
O 36.0
35.5
35.0
34.5
Rest Post priming Pre 3km-TT Post 3km-TT

Figure 4-3: Core temperature at different stages from restmtmediately following the 3km-TT in
relation to priming exercise condition

aSignificantly different from Wi, (p < 0.05)

® Significantly different from Wlhge, (p < 0.05)
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Oxygen uptake\(O.)

An example of a typical/O, response for one participant to the three intéemitsprint

priming conditions can be observedHigure 4-4

55- 5min intermitten 5min passive
‘ 10min-SS phase sprint phase recovery 3km-TT
5 ; ' S ‘
' : : b4 ‘
: . : W.
45 1 i \ 1 p® Py * T
' ! 0 ' & '
' ' * '
| ;,:é" s
41 : ‘e ;
PENC T R Do
35 IR AR o .3 * 3
: ! R :
AT : } y
E : b4 '3
2 : b R
& 25 : }4 y R
L. ' 4
> ! '3 4 :
21 5 i 3 L %
a N s .
15 - ! R H | %.&
:‘ H i . ‘ i i g
T | B A A
' ' », '
4 ‘v’ ; R A2 P t‘ ! S
0.54 ~M ! . A N o :
. PR ‘
0 .

00:00 02:00 04:.00 06:00 08:00 10:00 12:00 14:00 16:00 18:00:0® 22:00 24:00 26:00 28:00

Time (min:sec)

Figure 4-4: Typical oxygen uptake (V& response for one participant from rest to follogvthe 3km-TT
(WUISO"/()

Grouped means fovO, at each stage from rest to following the 3km-T& displayed

in Figure 4-5 No differences were observed between conditionsestingVO, values

(p > 0.05). In addition, no differences were obsdrisetween conditions for mearO,

during or following the 10 minute steady-state .4 = ~50%\) portion of each

priming strategy.

WU,n displayed significantly reducedO, than all other priming conditions both in the
30 seconds post-priming (= 0.0005, 0.0005 and 0.0006 for W WU1509 and
WUaout respectively) and as a mean over the duratioth@fpriming exercisep(=
0.0166, 0.0024 and 0.0024 for Wiehs WU1500 and WUlou, respectively). Whkoo,
was significantly greater than Wado, (p = 0.0124) for VO, post-priming exercise.
WU100 displayed a reduction invO, post-priming compared to Wil that
approached significance € 0.052). Peak values attained during the ¥y Jpriming
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exercise were significantly reduced compared to, W p = 0.0007) and Whki.out (P =
0.016).

55+
B con
5 %
°| g x §
Dal-out a \ a N
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Rest Post priming Mean duringPeak during Pre 3km-TT Post 3km-TT Mean duringPeak during
priming priming 3km-TT 3km-TT

Figure 4-5: Oxygen uptake (V@) at different stages from rest to following then8KT in relation to
priming exercise condition

2Significantly different from W, (p < 0.05)

® Significantly different from Wlhge, (p < 0.05)

¢ Significantly different from both W4, and WU g (p < 0.05)

d Significantly different from both Wy, and WU s, (p < 0.05)

Following the five minutes of passive rest seatedtiee ergometer, Widos, VO,
(averaged over the final two minutes) was signiftbaelevated f§ = 0.0275) compared
to WU1000s WUaout Was significantly elevated compared to both 3éd (p = 0.0002)
and WUsoo (p = 0.0249), but not compared to \AJ(p = 0.4083).

The VO, post-3km-TT (30 second average) was significadiffigrent between Widgo,

and WUy, (p = 0.0207). No significant differences were obsdrior 3km-TT mean or
peak VO,. Change in the mean (x90% CL) f#Ozpeaxduring the 3km-TT relative to
WU¢on equated to -0.4 (£ 5.5), -0.9 (x2.9) and -2.0%.1x3or WU go%s WU1509, and
WUaiout respectively Table 4-5) The chances of negative outcome associated with
these confidence limits were 42, 47 and 73% for 1¥d WUi15000 and WUyout,
respectively, with all displaying a qualitative eénénce of “unclear”, indicating that it

83



could not be concluded with any certainty that tbgults were due to a true change in
Tc.

Table 4-5: Log transformed mean changes in )&« during the 3km-TT from control (Wid) between
conditions and chances that the true differen¢bérchanges is substantial

Condition WU 100% WU 1500 WU aiout
Change in mean (%) 0.4 0.9 2.0
SD of change (%) 9.3 4.9 5.2
90% confidence limits (%) 5.6-51 3.7-20 49-1.0
p value 0.903 0.5851 0.2499
Practical inferencet Unclear Unclear Unclear

*Based on a smallest worthwhile beneficial or hatrhange in performance of 1%

Heart rate (HR)
A typical HR response for one participant to theeéhintermittent sprint priming

conditions can be observedkigure 4-6 Qualitatively, it can be observed that each of
the prescribed intermittent sprint priming stragsgi{WUoose WU1500 and WUj-our)
follow the same pattern, but with greater HR valdesing each successive priming
phase (WWoos < WU1500 < WUaou). During the five minute recovery phase and the

3km-TT, HR values were similar between Wkd, WU1509, and WU,.out-

There were no significant differencgsX 0.05) between Widoy, WU1500 and WUj1out

for resting HR, or for HR following (or averagedavy the 10 minute steady-state
portion of the priming exerciseFigure 4-7. Immediately following the priming
exercise, HR for Wk}, was significantly reduced compared to all otherditoons ¢ =
0.0101, 0.0054 and 0.0069 for Wdehs WU71500, and WU,.ou, respectively). When HR
data was presented as a mean over the duratidmeoivthiole priming exercise, both
WU 1000 (p = 0.0387) and Wlioy, (p = 0.0046) were significantly greater than WU
However, WU and WUso were not significantly different from each other £
0.5306) or WWj.out (p = 0.4771 and 0.5825, Wkhs, and WUsee, respectively), nor
was WU, different from WU.out (p = 0.2145). The log-transformed means associated
with these significant changes resulted in incredbat were “very likely” (WWgoe)
and “almost certainly” (Wkboy) substantial true changes due to the effects ef th
condition (% change: 10.5 and 11.5%; 90% CL: 21B:9 and 6.0 — 17.3; Wb and
WU 1509, respectively with smallest worthwhile change dif%).

The peak HR attained during priming exercise amdHIRneanin the last two min of

recovery for the Wbboy, condition was significantly reduced in comparisionthe
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WU1500 (p = 0.0281) and Whiout (p = 0.0125) conditions. Widoy, Was the only
significantly different HR value pre-3km-TT, beisgnificantly less than Widg, (p =
0.0179) and W)i.out (p = 0.0088). Unlike the HRanOf the priming exercise, no true
changes in HRaxattributable to priming condition were apparewinirthe 3km-TT, as
observable iMTable 4-6

5min intermittent 5min passive
10min-SS phase sprint phase recovery

< > < > >
> < >< >

200

190 -
----- 150%
— 100%
170 === All-out

180
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HR (b.min™®)

1104
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80- |

704

60 1

50 T T T T T T T T T T T T
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 0:0 22:00 24:00

Time (min:sec)

Figure 4-6: Typical heart rate (HR) response for one partidigeom rest to following the 3km-TT for
each intermittent-sprint priming condition

Table 4-6: Log transformed mean changes in JRduring the 3km-TT from control (W) between
conditions and chances that the true differen¢bérchanges is substantial

Condition WU 100% WU 1500 WU aiout
Change in mean (%) 0.7 0.1 1.0
SD of change (%) 15 2.2 2.6
90% confidence limits (%) 0.3-16 1.4-13 2.4-05
p value 0.2227 0.9125 0.2578
Practical inferencet Unclear Unclear Unclear

* Based on a smallest worthwhile beneficial or hatrofiange in performance of 1%
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Figure 4-7: Heart rate (HR) at different stages from rest ftofeing the 3km-TT in relation to priming
exercise condition

&Significantly different from W, (p < 0.05)

® Significantly different from Wlhge, (p < 0.05)

Oxygen uptake\(O2) kinetics
Despite a trend for reducedand MRT after Wldyooss WU1500 and WUy.out (COmpared
to WU.or), there were no statistical differencegaljle 4-3. However, the percent
change in mean (and 90% CL) suggests a “likely’ncleaof true difference in the

negative direction (i.e. a beneficial reduction).

The Q deficit for WUis09, Was significantly reduced in comparison to WiJp =
0.0249). The 90%CL for this change were -30.1.5,-Gnd a qualitative inference of

“very likely” change in the negative direction (iabeneficial reductiorfable 4-8.

Table 4-7: VO, kinetics parameters during the 3km-TT in relatiompriming exercise condition (Mean *

SD)
WU con WU 100% WU 150% WU ai-out
Tau (s) 15.9+5.1 13.4+4.5 12.5+45 13.0+34
MRT (s) 19.3+4.2 18.3+6.1 16.5+2.7 17.2+2.2

O, Def (L) 73.3+18.6 66.5 + 23.3 59.4+156 60.7+9.3

&Significantly different from W, (p < 0.05)
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Table 4-8: Log transformed mean changes in )M&netics variables from control (W) between
conditions and chances that the true differendberchanges is substantial

Condition WU 100% WU 1500 WU alout
Tau
Change in mean (%) -16.8 -22.9 -17.1
SD of change (%) 32.9 57.2 38.2
90% confidence -31.2-0.7 447 - 7.4 -33.6-34
limits (%)
p value 0.1108 0.1839 0.1549
Practical inference Likely beneficial Likely beneficial Likely benefial
Mean Response Time
Change in mean (%) -8.2 -13.7 -9.4
SD of change (%) 36.7 21.9 24.9
90% confidence -25.8 - 13.6 -24.0--2.0 -21.6-4.7
limits (%)
p value 0.4801 0.0624 0.2421
Practical inference’  Possibly beneficial ~ Very likely beneficial Likelyeheficial
Oxygen Deficit
Change in mean (%) -12.0 -19.2 -15.3
SD of change (%) 38.8 25.1 30.4
90% confidence -29.7 - 10.2 -30.1--6.5 -29.0-0.9
limits (%)
p value 0.3254 0.0249 0.1168
Practical inference Likely beneficial Very likely beneficial Likely besficial

*Based on a smallest worthwhile beneficial or hatrhange in performance of 1%
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Chapter Five: Discussion

Previous studies have established that a high sityeimtermittent sprint priming strategy
was more effective than continuous priming exeraisenproving short duration (~2min)
kayak performance (Bishop et al., 2001; Bishopl.et2803). It is currently unclear what
the optimal intermittent intensity is for short dtion cycle performance i.e. as intermittent
priming strategies are more effective than contisjovould such high intensity sprint
efforts (~200% VOzpea) be required, or would a lower intensity be just ar more,
effective? Thus, the aim of the present study twagetermine the effect of three different
intermittent priming (‘warm up’) strategies (vargimm intensity) on laboratory-based 3km-
TT cycle performance in moderately-well trained enandurance cyclists. Using the
participants preferred or self-chosen ‘warm upttes control condition also allowed us to
determine which priming strategies were bettenorse) than how the participants would

normally prepare for an event of similar nature.

The main finding of this study suggests that 3km{&rformance (time and Wa) is
dependant on the intensity of the priming strategyloyed. Overall, it was observed that
WU.qn (self-chosen) was the most effective priming sggtin preparing the participants
for performance in the 3km-TT. The lowest (W&d) and medium (Wlkge) intermittent
intensity priming strategies were similar to W}J and each other, in terms of subsequent
performance. In contrast, the highest intensitynjjrg condition (WU,.ou) Was clearly the
least effective in preparing the participants fabsequent performance. This condition
resulted in significantly reduced W, (and increased time) compared to all other priming

conditions.

1. Performance Measures

On average, Wk, was the priming condition that exhibited the h@stformance (highest
Whean and fastest time), although it should be acknogéed that its improvement
compared to Whkhoy, and WU sy, Was not significant Table 4-4. All three of these
conditions resulted in 3km-TT performances thatengignificantly better than Wiyt

Interestingly, the current study showed that a vargh intensity preparation was

detrimental to 3km-TT cycle ergometer performancelearly, the small SD of percent
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change in Weanfor WUgout in relation to WWqn (4.7%), in addition to the negative range
of the 90%CL (-8.3 - -3.1), provides strong evidetitat the WUall-out priming condition
would ‘almost certainly’ be harmful to 3km-TT perfisance Table 4-4. This observation
is in contrast to the previous findings of Bishdk (2003), where priming exercise using
a similar intermittent protocol and relative inténsto WUaout (~200% ~V/Ozpeak )
improved 2min-TT kayak ergometer performance iratreh to a continuous priming
exercise at 50% (~65% VOzpeay. Possible reasons for the inconsistency withsthey of
Bishop et al. (2003) may include the greater daratf the TT in the current study (>4min
for 3km cycle TT vs. 2min kayak TT) and the greatarscle mass involved in cycling
compared to kayaking. This would potentially résual greater fatiguing effect of the
priming exercise, potentially due to a more extreshét in the blood/muscle acidosis
and/or energy cost of exercise.. Evidence of thé&y be observed in the differences in
[BLa] following the most intense priming exercisenditions in the current study (8.31 +
1.93 mmol-*) and that of Bishop et al. (2003) (~3-4 mmd)}L With WUcon, WU g% and
WU 1500 the elevated [BLa] is likely to have improved foemance, compared to if there
was no priming exercise, by protecting againsigtati caused by the shift in musclé K
(Nielsen et al., 2001). However, too great a shifinuscle K that would accompany the
large increase in [BLa] in Wi, likely caused an inhibition of muscle contractile
function (Bishop et al., 2001; Cairns, 2006), thms part explaining the reduced
performance. Numerous previous studies have denaded that a degree of acidemia is
required to accelerate théO, kinetic response (e.g. Billat, Bocquet et al., 0Burnley,
Doust, & Jones, 2002; Gerbino et al., 1996). Hawevf this acidemia is excessive,
regardless of any speeding of the kinetic respomsescle performance is likely to be
impaired. It has yet to be established what thergb [BLa] is for priming purposes, and
debate surrounds the common assertion that [Blapisrformance inhibitor (Cairns, 2006;
Gladden, 2000; Nielsen et al., 2001; Westerblaad.e2002).

Parts of the results from the present study aresistamt with some of those previously
reported by Hajoglou et al. (2005). For examphlereé was no difference in power output
between the two active priming conditions when pbgver output in each 500m segment
was considered. However, both active priming coi significantly improved compared

to the control condition up to 2000m. In the catrstudy, there was approximately 7%
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difference in Whean for the first two 500m segments between the twoddmns that
exhibited the greatest difference in whole triahd¥ (WUcon and WU,.ouy), however given
the variability these were not significant. Thisoyides some indication that both
conditions were not able to generate similar an®ohforce in the early stages of the trial,
but not to the same level of confidence as repdrteHiajoglou et al. (2005). Surprisingly
however in contrast to Hajoglou et al. (2005), de¢rimental effects of WhJ.out Wwere most
evident in the second half of the 3km-TT, espegiddé final 500m where participants were
unable to increase their power output for a ‘strdimish’ in comparison to the other
priming conditions Table 4-3; Figure 4-1L This particular finding disagrees with that
reported by Hajoglou et al. (2005), who noted thatgreatest benefit of both the easy and
hard priming exercises when compared to the comied in the early stages of the 3km-
TT, and that after 3-4 minutes of heavy exercige,response pattern is was very similar
whether prior exercise was performed or not. Timrsarise, both Hajoglou et al. (2005)
and the current study reported no difference ingrooutput at each 500m with all but one
condition which performed markedly worse, but Hégoget al. (2005) reported the
performance improvements early in the 3km-TT, wasrthe current study demonstrated

improved performance in the latter stages.

In light of the inconsistencies between the twodits, there are a number of potential
explanations. Firstly, large individual variationsre evident in the Wartin the present
study, which due to the pacing strategy of thiglgtaccurred in the first 500m, and the
ability to generate high forces early in the 3kmduld have affected the Wanin those
early stages. This would result in large SD’sstheducing the ability of thietest to detect
significant differences in Wa, This explanation is in agreement with Bishopaét
(2001), who stated that the large individual vaoiag in Whean between trials reduced the
power of the ANOVA in detecting significant findiag Secondly, Hajoglou et al. (2005)
did not make use of a pacing strategy, whereasctineent study did. This may have
affected the anaerobic dependence at both the eadylatter stages of the 3km-TT.
Indeed, both the anaerobic contribution during 4Km{Hettinga, De Koning, Broersen,
van Geffen, & Foster, 2006) ang @eficit (Foster et al., as cited in Craig et 8895) have
been shown to be dependant on pacing strategyHajodjlou et al. (2005) acknowledged
the possibility of the differing pacing strategiestween conditions affecting the different
VO, kinetics.
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In the study of Hettinga et al. (2006), differericpng strategies in the individual pursuit
(4km-TT) were investigated with respect to energstam contribution at various stages
and resulting power output. The strategy that wast similar to the one used in the
current study is that with an increasing power itedior the first 2000m, and this was
reported to result in decreased power attributedbbnaerobic energy sources in the second
half compared to the first. This is in contrastthe even paced strategy, which is most
similar to that used by Hajoglou et al. (2005). eTéven paced strategy was reported by
Hettinga et al. (2006) to result in increased poatéiibutable to anaerobic energy sources
in the second half compared to the first; thus poady explaining Hajoglou et al. (2005)
reporting that early the stages were more detesticnof overall 3km-TT performance, in
comparison to latter stages in current study. H@mneas stated above, M, in the first
500m was reduced in Wit compared to Whoo, and WUspe, but not (significantly)
reduced compared to W4J (due to the large variance in all conditions fogMn the first
15s of the 3km-TT). Additionally, Wan - 1 wayvas also reduced in Wi, compared to

all other conditions, indicating that first halfrjmmance was in fact reduced somewhat
following the most intense priming condition.VOzpeak during the 3km-TT was not
different between priming conditions, which was sistent with Hajoglou et al. (2005),
and in part explain why they stated that the respgmattern is similar after three to four

minutes, regardless of priming exercise condition.

2. Physiological responses to different priming in tensities

Several studies have investigated the effect démiht priming strategies on physiological
responses. These have involved different intendityation and types (continuous versus
intermittent, passive versus active). The currémtlys measured four major physiological
responses to determine whether they were associai#iil (or responsible for)

increased/decreased performance.

VO, Kinetics
In a previous priming study, Hajoglou et al. (208&8ted that the observed speeding of the

VO, response after a priming exercise in their stysjyeared to be an important factor in
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the role of priming exercise in improving 3km-TTotipg performance. It is conceivable
that if, due to the prior exercise, the aerobidesysbecomes more ‘primed’, then morg O
will be utilised at the onset of exercise, placiags reliance on anaerobic energy sources,
and thus delaying the onset of fatigue during tigh lintensity maximal effort (Bishop,
2003b; Edwards, Challis, Chapman, Claxton, & Fyb01; Nummela & Rusko, 1995).
Indeed, previous work has shown that prior exer@sen low intensity) can remove some
of the inertia in mitochondrial ATP production &etonset of a subsequent bout of heavy
exercise (Campbell-O'Sullivan et al., 2002). Hoeevdespite these physiological
possibilities, and a trend for a greateland MRT in WU,, in the present study, no
significant differences in either kinetic parametsstween conditions were observed
suggesting that differing intensity prior exercisead minimal effect on a exercise bout
performed in the very heavy-intensity domain. sltvorthy of note however the qualitative
inferences observed with regards to thi@®, kinetic parametersT@ble 4-§. These
gualitative inferences included “Possibly beneficid ikely beneficial” and “Very likely
beneficial” changes in, MRT and Q deficit. However, this did not translate to becief

changes in performance, but instead non-signifi¢aftl;00, and WU soe) and significant

(WU,ou) decreases in Wdan, providing some evidence thafO, kinetics are not
determinant on performance in a task of such higéniity (103.2% \Aak range 90.7 -
120.2%).

It should be noted that previous work involvinggpreéxercise and subsequent square-wave
cycling transitions has demonstrated that accaldndO, kinetics, as evidenced by reduced
MRT or 1, is not always obvious (Wilkerson et al., 2004yardless of an apparently
reduced slow component (Burnley, Doust, Ball et 2002) or significantly increased HR
in the higher intensities (Jones et al., 2003; Kegal., 1997). Therefore it would seem
that the concept of accelerating th&D, kinetic response through modified priming
strategies may not always be possible, and mayeperalant on a number of factors, such
as intensity, duration and timing between priming aubsequent exercise. It is interesting
to note that with two of these studies however ¢€3ogt al., 2003; Wilkerson et al., 2004)
that despite the absence of an accelerat€d kinetic response, performance was still
enhanced. This is consistent with the currentystudhereby there were no differences in

MRT or 1 between Wl.o,t and all other conditions that had significantlffetient power
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outputs, but there was an accelerated responsdJizoywhere there waso performance
enhancement. Methodologically, the failure to tidfgrdifference int (and MRT) could
have been due to the number of transitions performe VO, kinetic studies, it is usually
necessary to have subjects complete multiple tiansi (@ = 2-6) prior to kinetic
exponential modelling in order to reduce breathbbyath noise. However, due to
supramaximal performance nature of this study &edfdur different conditions, it placed
large physical demand on the athletes, was timeswnimg and interfered with their
training. Therefore, it was not appropriate todathletes perform repeated trials for each
condition. Hence, breath-by-breath variability abudtave had some influence on the

determined kinetic parameters.

Whilst, Hajoglou et al. (2005) suggested the spepdi VO, kinetics as a key variable in
improving performance, it should be acknowledged their control condition consisted of
maximal exercise (3km-TT) in the absence of anympry exercise. Whilst both
experimental conditions (hard and easy primingtesias) did involve exercise, there was
no difference in either performance or MRT betwésem. It seems therefore, that this
‘speeding’ of theVO, kinetics is only a significant factor when compariexercise that
utilised priming exercise (perhaps regardless ténsity) versus one that did not (non-
exercise control). When one considers that 1) rvap’ is standard practice for any
physical exercise (especially one of such highnisity: ~110% Weay; 2) it is unlikely that
an athlete would compete with no prior exercise anthe absence of priming has been
shown to detrimental to performance (Hajoglou et2005; Jones et al., 2003; Stewart &
Sleivert, 1998; Wilkerson et al., 2004), the useaohon-exercise control condition for
sports performance research is surprising, andtthe control condition would appear
somewhat redundant. The use of the athletes keffen strategy (as the current best
practice, and experimental control) and subsequffurts to refine or improve the
performance by modifying the priming strategy appeto be more appropriate when

working with competitive athletes.

Despite neither nor MRT presenting any significant findings thapeared to relate to
performance differences, differences in, @eficit were somewhat more obvious.

Interestingly, although it resulted in a non-sigraht reduction in Wean (-1.5%,p = 0.57;
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log transformed data) andOzpeax(-0.9%,p = 0.59) compared to Wih, WU;s09 displayed

a significant reduction in Odeficit (-19.2%,p = 0.025), with data that gave a qualitative
inference of a ‘very likely beneficial’ true changethe meanTable 4-§. In the current
study, Q deficit was calculated by multiplying the MRT Hyet amplitude of changé\f;
VOonew steady-state VOz-baseind.  Therefore, as the reduction in baselv®; for WUiss
from WU, in the two minutes prior to the 3km-TT was notndfigant, ‘noise’ in the
baselineVO, values multiplied by ‘noise’ in the peak steadgtstvO, values may have
resulted in ar\” that was of great enough magnitude to signifigainfluence the resulting
O, deficit value. This is an especially plausiblglexation when one considers that the
reduction in MRT for WUso from WU, approached significance and displayed a
favourable practical inference (-13.7p6+ 0.062, ‘very likely beneficial’). This signifant
change in amplitude, without an accompanying deerda MRT, is supported by the
findings of Wilkerson et al. (2004). Wilkerson at (2004) described an increased
asymptotic “gain” of the primary/O, response following a more intense priming conditio

in the absence of any change in the printrarylhis indicates that it is possible for a new

peak steady-statéO, to be attained, while thate of change remains constant.

VOzpeakattained
If priming exercise stimulates the aerobic systerd eecruits/activates all muscle fibres,
then it may be conceivable to expect a higher emdetse VO, at the end of a trial than
that measured at the end of a prolonged incremésgalto exhaustion. Indeed, a higher
VOypeakfollowing a priming intervention has been docuneenpreviously in ‘square-wave’
protocols of submaximal intensities (Burnley, Doustlones, 2002; Koppo & Bouckaert,
2000; Koppo et al., 2003; Wilkerson et al., 2004).the present study however (103.2%
Wpead), N0 condition displayed/Ozpeax Values that were significantly different from the
initial incremental assessmenftaple 3-), suggesting that none of the priming strategies
stimulated additional @utilisation, at least to the extent detectabléwitrrent methods of
measurement (breath-by-breath analysis). Thisrfqnés in agreement with a number of
previous studies (Bangsbo et al., 2001; Billat, @t et al., 2000; Bishop et al., 2001;
Bishop et al., 2003; Burnley, Doust, Ball et aD02; Burnley et al., 2000; Hajoglou et al.,
2005; Jones et al., 2003; Judelson et al., 200gpBEet al., 2002).
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Core temperature @)
It has been proposed that the positive effects 6kam-up’ are due primarily to the
increase in § (Bishop, 2003a, 2003b; Mohr et al., 2004). Howeiteshould be noted that
these papers did not directly demonstrate the tsfigcincreased Jor Ty on performance
per se but rather that some increase in temperaturenaganied active ‘warm-ups’. To
investigate the effects of eitheg Br Ty independently on th®¥ O, kinetic response, some
studies have utilised passive warming (hot wateiuged pants, warm/hot water baths, heat
packs in combination with heat creams and rubs) repdrted no speeding of théO,
kinetic response (Burnley, Doust, & Jones, 2002g&et al., 1997; Koppo et al., 2002),
and reduced [BLa] compared to active ‘warm-up’ (Geaal., 2002). In the current study,
there were no significant differences ig dmongst conditions either post-priming, pre- or
post 3km-TT for Wlon, WU1000 and WUsge, However, for the highest intensity (VWU
ou) Tc was elevated (1.2%p = 0.03; log transformed data) compared to M{Ubost-
priming, and compared to Wbbs pre- (1.2%p = 0.05) and post-3km-TT (1.0%,= 0.02).
Both WU., and WU g9 could be considered the ‘easier’ intensities. seheesults, which
are consistent with those observed for [BLa], supploe belief that within the range
observed in this study, cTwill not affect 3km-TT performance. However, whéme
increase in § is too great, as observed for \l;, its interaction with other physiological
factors (e.g.VO, (through an increased;Qeffect), HR (change in cardiac output/stroke
volume)) is likely to result in impaired performa&ncThis is supported by the findings of a
previous study on priming and anaerobic runninggoerance (Stewart & Sleivert, 1998)
which reported that priming at 60% and 70#@;peakresulted in increases incand Tim
that were not significantly different from each @ttand both greater than the no priming
control. However, priming at 80%/Ogpeak resulted in an increase incTthat was
significantly greater again, and that this was agganied by a significant reduction iyl
To summarise, the results from Stewart et al. (1988 the current study highlight
potential positive effects of some increase ¢n However, if it is increased by too much, it
is likely to be accompanied by reduced performandegh intensity exercise, as observed
in the present study, whilst acknowledging the &blawitations. It must also be taken into
consideration in the current study that a TT o§ tthuration (245.5 — 290 s) is unlikely to

produce E values that are of a level dangerous to the a&tlflet. ~40°). However, it may
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have elevated enough to cause some shift in theiglbgical state of the participants,

resulting in diminished performance (\Witduy)-

Heart Rate (HR)
The HR response during each priming stratdggure 4-7) is somewhat interesting when
the mean values associated with each conditiorc@nsidered. Of the three intermittent
priming conditions, WW.out Strangely displayed the lowest mean HR for theniog
phase, a value that, in contrast to Ws and WUsoy was not significantly elevated
compared to Wb, Additionally, HRyeax for the priming phase was less than A}
(non-significantly however). This is potentially@ to electrical interference from the
ergometer disrupting the signal to the Polar watctsimply due to individual variations in
HR between visits. However, both Wig, and WU.out Were significantly elevated
compared to Whhoo, but surprisingly not compared to WJ prior to the 3km-TT. As
with VO,, no difference was observed between conditionpdak and mean values during
the 3km-TT. As WU, and WUsqy, Were elevated compared to Wb, and WU, but
not different from each other, in conjunction witie resulting power outputs it would
seem reasonable to conclude that HR prior to 3kmwithin a range similar to that
observed in the current study will not be a detamng factor in performance, whereas the
HR immediately following the priming exercise magvie some bearing on performance.
This is supported by Koppo et al. (2003) who regmin increased HR during the second
‘square-wave’ bout and by Stewart et al. (1998) vateo reported that too great an
intensity priming exercise results in too great R ldesponse and increase in body
temperature for succeeding high intensity anaeroliming, whereas no prior exercise
does not physiologically prepare the athlete sigffity for the high demand exercise. It
was however in contrast to other studies (Bishoal.et2001; Burnley, Doust, Ball et al.,
2002; Koppo et al., 2003) which reported thatpkdRcan in fact be altered by different
priming strategies, and with Bearden et al. (20@hp stated that HR an¥O, do not
always have the same response to priming exersisggesting @ delivery and @
utilisation differ. However, the HR analysis perfed by Bearden et al. (2001) was much
more in-depth than that of the current study, idirig the application of kinetic models for
the examination of, MRT andd of the HR response. Additionally, in contrasttbhe

current study, it has also be previously reported &n increase in HRxfollowing heavy
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priming exercise accompanies the significantly éased T at 110% and 120% Ozpeak
(Jones et al., 2003). However, as with many offtening studies and in contrast to the
current study, the study of Jones et al. (2003) paoed heavy priming with a control

condition where no priming exercise at all was penfed.

Central Governor Model
The ‘Central Governor model (CGM) of fatigue proesd another possibility in the
explanation of the results displayed in this studis particular model has been proposed
by a number of authors, along with different medsais put forward by each author to

explain responses to exercise using this model.

Briefly, the CGM proposes that, subconsciously, #tielete centrally controls physical
efforts based on physiological responses to exeraisd its associated feedback based on a
whole host of peripheral information (Weir, Becka@er, & Housh, 2006). Discomfort
caused by an increase in acidosis (as representkd current investigation by the elevated
[BLa] in WUaou) contributes to the conscious decision to terneinakercise, or
unconscious decision to decrease maximal powerubyfgoakes, St Clair Gibson, &
Lambert, 2004) or alter the pacing strategy impletee (Weir et al., 2006). Wyout
displayed not only significantly decreasegef¥compared to all other conditions, but also
the subjects needed to reduce their overall powsrub in order to complete the 3k-TT (i.e.
decreased Wea). It is reported that homeostasis in the orgastesys is maintained at
exhaustion, providing evidence of CNS regulatiom thie number of motor units recruited
during exercise, thereby setting the total metabalemand (Noakes et al., 2004).
Similarly, evidence of homeostasis being maintawviadnechanisms of the CGM has been
shown by an absence of any significant differencehéat storage between exercise
conditions, despite differences in power output audbjective RPE (Tucker, Marle,
Lambert, & Noakes, 2007).

It is also suggested that some disruption of hotas@sis required to complete the task,

and/or stimulate adaptations to training (Weir kf 2006). Thus, homeostasis is not

maintained, but rather “terminal metabolic crisis’prevented (St Clair Gibson & Noakes,

2004; Weir et al.,, 2006). Agreeably, evidence sstg that while the rise in core

temperature during exercise in the heat does moit lperformanceper se the core
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temperature increases at an accelerated rate widald allow the organism to anticipate
the point of termination and avoid that avoid metebcatastrophe (Marino, 2004). This
again would be in agreement with Tucker et al. @p@s well as helping to explain the
decreased performance coupled with the increagetbiTthe W0, condition in the
current study. Subjects during Widu: exhibited significantly increased:Tcompared to
WUon and WU oo, at different stages of the priming and trial, &adl it not been for such
large variability, it is likely this increasedcTwould have been significant with all over
conditions at all measured points following thenprig and 3km-TT. When considering
the CGM, it is plausible that following the stremsopriming of WU,.out, the increased d
stimulated the CNS to decrease power output, tjemebiding a change in homeostasis of
the magnitude to cause terminal metabolic crisiar{ivb, 2004; St Clair Gibson & Noakes,
2004; Weir et al., 2006).

Feedback control results in continuous adjustmanizace, power output and metabolic
activity over the entire task, influencing the mlerpacing strategy, and may also be
influenced by knowledge of an endpoint (AlbertuscHer, St Clair Gibson et al., 2005; St
Clair Gibson, Lambert, Rauch et al., 2006). Agaims is perhaps best displayed in the
current study by the most intense priming condjtidfU,.oue  The accelerated metabolic
response of this condition, as evidenced post-pgmivould have provided feedback to the
CNS to decrease W, in order to avoid catastrophic failure, whilstaalallowing the
subjects to complete the required task (with itsviim endpoint of three kilometres). As the
subjects were likely to have worked too hard in iM&yont condition, they would
potentially have been subconsciously limiting thelwss before the task began, in addition
to the constant feedback throughout. When corisigledhe CGM as a theory to explain
pacing strategies and effort, it therefore seentemable for the W4, condition to
perform best, given that, in a distance the subjéetve performed many times before
(including two familiarisation trials), they wouldest be able to subconsciously regulate
their physiological responses in a pre-event reutih which they are most familiar in
comparison to one of both a highly intense andigoreature.
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3. Limitations

Participants in the present study were advisedveorh-up as you normally would before
an event of similar distance’ for the self-chos@f,,) trial. However, whilst the duration
of the priming phase of Wi, (self-chosen) was similar to each of the presdrimeming
conditions (15:33 £ 4:43 vs. 15:00 min) some a#ddetported afterward that their priming
was slightly shorter than they would typically merh on race day in the field (at the track).
This could have been due to the participants naitiwg to spend extended periods of time
in the lab, and also because many track cyclistslayrprimary’ and ‘secondary’ warm-
ups, whereby they may perform priming exerciseaugrt hour before the event, and then a
shorter second priming exercise much closer to thaint. Clearly, replicating actual race-

day conditions and preparation strategies in therktory is a challenge for researchers.

A number of factors may have affected @, kinetic responses observed in the current
study. Firstly, it is possible that, as mentiomdxve, the ‘all-out’ start pacing strategy in
the current study may have helped reduce variatioNmean but it may have also affected

the VO, kinetic response (Hettinga et al., 2006). This ba supported by the significant
findings with regards tovO, kinetics reported by Hajoglou et al. (2005), whd dot

enforce a pacing strategy, but whose participappeared to adopt a fairly even pacing
strategy themselves. Although, it must also besshdhat Hajoglou et al. (2005) only
reported significant differences between the ‘norap’ control and active priming
strategies. It is also possible that the gas amabmployed in the current study may have
had some error of measurement associated witltitntade such sensitive measures (such
ast at ~100% Weay difficult to detect accurately, especially givémat the single trial
performed per participant per condition is liketyttave introduced additional noise. While
this apparatus has proven reliability and validitgrsson et al., 2004), its potential error in
measuring sensitive mechanisms such as this cammagnored and may have been

improved with repeated trials had this been possibl

It must be acknowledged the technical limitationgoived with measuring d be it the
possibility of convective cooling with tympanic the current study (Hansen et al., 1993),
location of the pill in the intestinal tract whemsing intestinal pill system (Edwards &
Clark, 2006; Kolka, Quigley, Blanchard, Toyota, &fhenson, 1993), as well as the
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different sites of measurement (i.e; With tympanic or rectal, J versus ) presenting
different findings. However, it has been proveavously that tympanic is indeed a valid
and reliable measure ofcTwhen strict procedures are followed, such as mising
airflow. This was achieved in the current studytigh the cotton wool placed in the ear,
the exclusion of any fans and a constant laboratemperature. Additionally, it has been
previously shown that \J does not directly influence th&O, kinetics per se thus
providing further justification for measuring-Tnstead. Additionally, while the change in
Tc amongst conditions were not different, the potdritir a change in [ (which was not

measured) cannot be ignored, nor can its potesflatt on performance.

4. Practical Application

In terms of athletes integrating the current (amévious) findings into their pre-
competitive routine, a number of recommendationy b given with regards to priming
exercise which will provide optimal preparation 8m-TT cycling performance. Firstly,
although the range ofcTchanges observed in the current study was nelgigdihletes
must be aware to not increase (hor Ty and [BLa]) by too great a magnitude. Too great
an intensity of priming exercise is likely to resin substantial increases in botl @nd
acidosis that are likely to inhibit performancetguaially through an increased;, ©ost of
exercise and reduced muscle contractile functioah@, 2003a; Bishop et al., 2001)c T
did not present results that were significant betweconditions or determinant of
performance. Therefore, iscTreally so important during priming? Are we actyall
‘warming up’ the body? Both current and previoustad suggests not; rather, other
physiological (and psychological) ‘priming’ factorsay be more important. TheO;
kinetics did not appear to be an important deteamtirof performance, nor are they likely

to change in such high intensity exercise; belitpaced or all-out paced.

The current study would suggest that athletes maréadt able to self-select their most

effective priming strategy. However, consideringe tnon-significant difference in

performance that Wi, had compared with Widos, and WU 5o, it is possible that other

athletes may benefit from a prescribed primingtsgy of which the intermittent high-

intensity nature of Wihoo, and WU 5o, is suitable for 3km-TT cycling performance, and is

in agreement with previous work (Mandengue, Sedkh& et al., 2005). It should be
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acknowledged that the ‘optimal’ intensity and dimatof priming exercise also is likely to
be individual, with some responding positively igher intensity priming, while others a
lesser intensity. Such differences may dependhenptysical and mental attributes the
athlete possesses, and perhaps what style ofthelgiare. For example, an athlete who has
a larger build and is able to generate high forees, has a more aggressive approach to
riding, may favour the all-out start. This typeadhlete may benefit from a preparation that
has greater emphasis on priming the anaerobic grgathways. In contrast, a rider of
slighter build who adopts an even paced racingegiyamay benefit more from placing
greater emphasis on priming the aerobic energywaath Indeed, it has been previously
documented that two cyclists who differed by onl®0in a 4000m trial (4min:18.8s versus
4min:19.0s) had quite different physiology; oneie@lheavily on his well developed
aerobic capacity power at lactate threshold, wtiike other was capable of considerable

anaerobic metabolism (Schumacher & Mueller, 2002).

It is also important to consider the psychologimahefits of ‘warming-up’ and the mental
routine that athletes often go through in preparator a race. Athletes competing in track
cycling quite often adopt longer during priming eoige than that which was prescribed in
the current study, and may not have the same ‘rhaladness’ or feelings of preparedness
that they would get from their own self-chosen ‘maup’. Additionally, because athletes
have been led to believe that they need long durgbriming exercise, they may not
believe/accept that one of short duration and Imtgnsity will adequately prepare them;
thus inhibiting performance from a mental perspecti It is expected that, even had the
shorter duration priming strategy been by far thestheffective, it would still be likely
difficult to convince athletes to abandon theirdaduration priming exercise, being what
they have done for so long. Clearly, an educatiapproach alongside practicing different

priming strategies, and their subsequent effegeyformance in the field, is required.

Further research to determine the effect that thegoibed priming strategies in this study
have on shorter distances, such as the ‘kilo’ (Tkim-and ‘sprint’ events, both in the
laboratory and on the track would be worthwhile lexpg since the apparent ‘fatiguing-
effect’ of WUy.ouit may not be present in an event of shorter distarindeed, very high
intensity priming for short events (~60s) may beiddle to optimise performance, as

observed by Bishop et al. (2003) for 2min kayakiqgrenance. However, this is currently
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unknown for cycling and other sports such as rum@ind swimming. Additionally, future
research may investigate the effects of priming différent pacing strategies (i.e. shorter
duration ‘all-out’ sprint at the start of the 3knTJTwould have on the 3km-TT, especially
since variation in Wean for the early stages of the 3km-TT in the currstudy were

observed.

5. Conclusion

In conclusion, the results from this study showleat 3km-TT cycling performance was
significantly inhibited by a very intense primingagegy. It appears that athletes are able to
self-select their most effective priming strategithough it did not significantly improve
performance compared to the lowest and moderatasity intermittent priming strategies.
The physiological responses to the MW priming strategy that appeared to be
detrimental to performance were the markedly irsede[BLa], VO, and (potentially) HR
(unclear due to disrupted recordings), as recoldauediately following the priming
exercise. The priming strategies investigated hadeffect on phase INO, kinetic
parameters ord In an attempt to improve athletic performandagher work utilising
the priming strategies from the current study vatkents of shorter duration is required to
further determine if high-intensity priming straieg positively affect performance in other

track cycling events.
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Appendices

Appendix 1-1: Values for [BLa] and ¢ during the priming exercise and 3km-TT in relattorpriming
exercise condition (Mean + SD)

Wucon WUlOO% WUlSO% WUaII-out
Time-point
Blood Lactate Concentration (mmol-L%)

Rest 0.96 +0.30 0.93+0.32 1.02+0.41 0.98 +0.37
Post-priming 3.87+1.47 3.19+1.51 6.17 + 236 8.31 +1.93
Pre-3km-TT 3.09 £1.63 2.14+1.10 5.27 £ 1572 7.35 +1.97
Post-3km-TT 10.18 £ 2.60 9.68 +3.42 10.64 £ 4.14 10.55 £ 3.18

Core Temperature (°C)

Rest 36.03 £0.46 36.13+0.79 36.30 + G149 36.17 £0.34
Post-priming 37.30 £0.59 37.40£0.50 37.44 £0.52 37.75 +0.4C
Pre-3km-TT 36.93£0.64 36.95 + 0.65 37.05+0.51 7.23+0.38
Post-3km-TT 37.41+£0.75 37.39£0.59 37.67 £0.67 37.78 +0.39

2Significantly different from WU, (p < 0.05)

b Significantly different from Wggs, (p < 0.05)

¢ Significantly different from both W4, and WU g0, (p < 0.05)
4 Significantly different from all other conditiorfp < 0.05)
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Appendix 1-2: Values for VQ and HR during the priming exercise and 3km-TTelation to priming
exercise condition (Mean + SD)

WUcon WU 1009 WU 1509 WU ai-out
Time-point
Oxygen Uptake (L-miri%)
Rest 0.56 +0.08 0.60 £ 0.09 0.58 £0.12 0.64 £0.14
Post 10min SS - 3.87 £0.39 3.79£0.45 3.83+0.42
Mean for 10min SS - 3.65+£0.33 3.61+£0.34 3.6835
Post-priming 1.93+0.43 2.68 +0.32 2.97 +0.41 3.01 +0.3¢9"
Mean during priming 3.31+0.35 3.74+034 3.83+0.34 3.84 +0.34
Peak during priming 4.18 +0.29 4.07 £0.39 4.3541° 4.38+0.39
Pre-3km-TT 0.96 £0.75 0.76 £0.11 0.86 + 0°15 0.94 +0.1%
Post-3km-TT 3.94 £0.40 3.53+0.57 3.52£0.75 3.67£0.41
Mean during 3km-TT 4,51 £0.46 4.38 £0.45 4.50850 4.44 +0.47
Peak during 3km-TT 4.86 £0.51 4.84 £ 0.50 4.82540 4.76 £ 0.50
Heart Rate (b-min?)
Rest 74 £ 26 65+ 10 66 +11 69 +12
Post 10min SS - 160+ 7 162 £ 10 161+5
Mean for 10min SS - 150+ 11 151 +11 143 + 14
Post-priming 135+21 156 + 12 160 + 112 162 + 10°
Mean during priming 144 + 14 154 + 11 157 + 1717 151 +13
Peak during priming 163 + 27 165+ 9 176 11 173+ 8°
Pre-3km-TT 112 + 24 102+8 111+ 14 116 +16°
Post-3km-TT 180+11 176 £ 21 182 +10 180+ 10
Mean during 3km-TT 173+8 174 +£12 176 + 11 178 +
Peak during 3km-TT 185+9 187 £ 12 187+ 12 13+

Significantly different from WU, (p < 0.05)

b Significantly different from Wy, (p < 0.05)

¢ Significantly different from both W4, and WU gy, (p < 0.05)
d Significantly different from both WiJge, and WU g, (p < 0.05)
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Appendix 1-3: Log transformed mean changes in M@m control (WU, between conditions and
chances that the true difference in the changsshistantial

Condition WU 1009 WU 15006 WU gii.out
Rest
Change in mean (%) 8.2 3.2 12.4
SD of change (%) 14.0 20.0 194
90% confidence limits (%) 0.2-17.3 '8.9-16.8 0.4-258
p value 0.1090 0.6510 0.0896
Practical inferencé Likely positive Possibly positive Likely positive
Post-priming
Change in mean (%) 41.2 56.2 58.1
SD of change (%) 20.7 26.9 28.0
90% confidence limits (%) 25.2-59.2 33.6-82.6 34.4 - 86.0
p value 0.0005 0.0005 0.0006

Practical inference’

Change in mean (%)

SD of change (%)

90% confidence limits (%)
p value

Practical inferencé

Change in mean (%)

SD of change (%)

90% confidence limits (%)
p value

Practical inference

Change in mean (%)

SD of change (%)

90% confidence limits (%)
p value

Practical inference

Change in mean (%)

SD of change (%)

90% confidence limits (%)
p value

Practical inference

Change in mean (%)

SD of change (%)

90% confidence limits (%)
p value

Practical inferencé

Change in mean (%)

SD of change (%)

90% confidence limits (%)
p value

Practical inferencé

Almost certainly positive

13.2
13.4
48-22.3
0.0166
Very likely positive

3.0
8.3
7.6-1.8
0.2748
Likely negative

9.0
49.5
31.7-21.2
0.5601
Unclear

11.0
13.2
17.5-3.9
0.0207
Very likely negative

2.8
7.6
7.0-1.6
0.2690
Likely negative

0.4
9.3
5.6-5.1
0.9030
Unclear

Almost certainly positive Almost certainly positive

Mean during priming
15.9
11.2
8.6 -23.7
0.0024
Almost certainly positive

Peak during priming
3.8

9.4
1.7-9.6
0.2436
Likely positive

Pre-3km-TT
3.1
50.9
23.2-38.4
0.8544
Unclear

Post-3km-TT
124
22.7
23.2-0.1
0.0975
Likely negative

Mean during 3km-TT
0.5
6.5
4.2-3.3
0.8127
Unclear

Peak during 3km-TT
0.9
4.9
3.7-2.0
0.5851
Unclear

16.3
11.4
8.8-24.2
0.0024

Alnso certainly positive

4.5
6.3
0.7-8.4
0.0557
Likely positive

134

46.0
13.1-48.1

0.4083
Likely positive

6.8
10.2
12.2-1.2
0.0555
Very likely gative

1.5
55
46-1.7
0.4026
Possibly negative

2.0
5.2
49-1.0
0.2499
Possibly negative

*Based on a smallest worthwhile beneficial or harroRenge in performance of 1%
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Appendix 1-4: Log transformed mean changes in HR from control (yyWetween conditions and
chances that the true difference in the changsshistantial

Condition WU 1009 WU 15006 WU gii.out
Rest
Change in mean (%) 1.8 0.1 4.2
SD of change (%) 121 9.1 114
90% confidence limits (%) 84-54 5.6-57 25-11.3
p value 0.6529 0.9739 0.2836
Practical inferencé Unclear Unclear Likely positive
Post-priming
Change in mean (%) 16.2 20.3 22.0
SD of change (%) 14.6 14.7 16.5
90% confidence limits (%) 6.8-26.5 9.9-318 10.1-35.1
p value 0.0101 0.0054 0.0069

Practical inference’

Almost certainly positive

Almost certainly positive Almost certainly positive

Mean during priming

Change in mean (%) 10.5 115 6.2
SD of change (%) 10.0 7.5 135
90% confidence limits (%) 2.7-18.9 6.0-17.3 2.3-155
p value 0.0387 0.0046 0.2145
Practical inference Very likely positive Almost certainly positive Like positive
Peak during priming
Change in mean (%) 1.3 3.5 25
SD of change (%) 7.4 6.1 6.5
90% confidence limits (%) 6.1-3.8 0.7-7.8 1.3-65
p value 0.6417 0.1554 0.2556
Practical inferencée Unclear Likely positive Likely positive
Pre-3km-TT
Change in mean (%) 11 5.8 10.6
SD of change (%) 11.8 12.2 155
90% confidence limits (%) 7.3-10.2 19-141 04-217
p value 0.8173 0.2058 0.0875
Practical inferencée Possibly positive Likely positive Likely positive
Post-3km-TT
Change in mean (%) 2.9 0.2 15
SD of change (%) 10.2 1.4 3.0
90% confidence limits (%) 9.3-40 '11-0.6 3.3-0.3
p value 0.4476 0.6270 0.1562
Practical inferencée Possibly negative Likely trivial Possibly negative
Mean during 3km-TT
Change in mean (%) 0.1 13 0.2
SD of change (%) 3.4 1.7 3.9
90% confidence limits (%) 21-24 0.1-24 2.6-23
p value 0.9134 0.0758 0.9034
Practical inferencé Unclear Possibly positive Unclear
Peak during 3km-TT
Change in mean (%) 0.7 0.1 1.0
SD of change (%) 15 2.2 2.6
90% confidence limits (%) 0.3-16 14-13 24-05
p value 0.2227 0.9125 0.2578
Practical inferencé Likely trivial Likely trivial Unclear

*Based on a smallest worthwhile beneficial or harrohenge in performance of 1%
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Appendix 1-5: Log transformed mean changes in [BLa] from confvéU,,) between conditions and
chances that the true difference in the changsshistantial

Condition WU 1009 WU 15004 WU aout
Rest
Change in mean (%) 4.6 4.0 0.4
SD of change (%) 38.2 36.5 41.9
90% confidence limits (%) 23.5-19.1 '15.9-285 21.2-28.0
p value 0.7071 0.7445 0.9754
Practical inference’ Unclear Unclear Unclear
Post-priming
Change in mean (%) 22.9 60.2 125.5
SD of change (%) 725 54.2 50.4
90% confidence limits (%) 49.3-17.4 17.0-119.3 68.4 - 202.1
p value 0.2863 0.0225 0.0006
Practical inference’ Likely positive Very likely positive Almost certdinpositive
Pre-3km-TT
Change in mean (%) 21.7 85.8 158.1
SD of change (%) 63.1 717 60.5
90% confidence limits (%) 47.0-15.8 19.1-189.7 77.4-275.4
p value 0.2792 0.0320 0.0015
Practical inference’ Likely negative Very likely positive Almost certdynpositive
Post-3km-TT
Change in mean (%) 6.1 3.0 7.3
SD of change (%) 215 56.8 225
90% confidence limits (%) 17.8-7.3 "31.8-38.0 6.6 - 23.4
p value 0.4067 0.8781 0.3731
Practical inferencé Likely negative Unclear Likely positive

* Based on a smallest worthwhile beneficial or hatrofiange in performance of 1%
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Appendix 1-6: Log transformed mean changes infiom control (WU, between conditions and chances
that the true difference in the changes is subisiant

Condition WU 10096 WU 15006 WU ,j1.0ut
Rest
Change in mean (%) 0.3 0.7 0.4
SD of change (%) 18 1.0 1.0
90% confidence limits (%) 0.8-1.3 0.2-13 0.2-1.0
p value 0.6566 0.0423 0.2346
Practical inference’ Likely trivial Likely trivial Very likely trivial
Post-priming
Change in mean (%) 0.3 0.4 1.2
SD of change (%) 2.2 23 15
90% confidence limits (%) 1.0-15 10-17 03-21
p value 0.6996 0.6187 0.0347
Practical inference’ Likely trivial Possibly trivial Possibly negative
Pre-3km-TT
Change in mean (%) 0.1 0.3 0.9
SD of change (%) 21 2.4 1.3
90% confidence limits (%) 1.2-13 11-1.8 0.1-1.8
p value 0.9392 0.6809 0.0642
Practical inference’ Likely trivial Possibly trivial Possibly trivial
Post-3km-TT
Change in mean (%) 0.0 0.7 1.0
SD of change (%) 1.9 25 1.8
90% confidence limits (%) 11-1.0 0.7-22 0.0-2.0
p value 0.9388 0.3993 0.1083
Practical inferencée Likely trivial Possibly trivial Possibly trivial

* Based on a smallest worthwhile beneficial or hatrofiange in performance of 1%
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Appendix 2-1: Participant information sheet

Participant Information Sheet &[ﬂ]'ﬁ

UNIVERSITY

TE WANANGA ARONUI O TAMAKI MAKAU RAU

Date Information Sheet Produced:
27" March 2006

Project Title
The effects of different intermittent ‘warm-up' strategies on 3km cycling performance.

Invitation
As an 18-40 year old male cyclist, you are invited to participate in a study investigating the
effects of different warm-up strategies on 3km cycling performance. This study is being
undertaken as part of a Masters of Health Science qualification. Participation is completely
voluntary and you may withdraw at any stage without giving a reason or being disadvantaged.

What is the purpose of this research?

The aim of this thesis is to explore the effects of different warm-up strategies with the intention
of determining the optimum warm-up strategies for maximal cycling events for improved athletic
performance. Warming-up is an accepted practice in the preparation for any sporting or
exercise participation or competition. However, many coaches, conditioners and athletes
themselves often have no scientific basis on the intensity chosen to perform the warm-up,
commonly just performing that which they have always done, or those before them have done.
It is now being recognised by coaches and conditioners that the warm-up required before
performances involving high intensity exercise may be more important than it was once
considered. This in turn has generated scientific interest on how to effectively utilise the time
prior to a performance.

How are people chosen to be asked to be part of thi s research?
Athletes for this study will be recruited by advertising (posters, emails in club newsletter) the
study at cycling clubs and training venues throughout Auckland. In addition, participants from
previous similar studies will be invited to partake. The investigator will also visit cycling clubs
and speak to athletes and coaches to recruit participants.

What happens in this research?
Participation in this study involves repeated (6) visits to the laboratory to determine the optimal
warm up intensity. It is estimated that each testing session will take approximately 40-60
minutes from the time that you arrive at the lab to when the tests are finished. It will take six
sessions per subject (one preliminary aerobic assessment trial, one familiarisation trial and four
performance trials).

Mores specifically, you will be required to compete the following:

1) In a preliminary assessment, you will perform a standard continuous incremental exercise
test to voluntary failure to determine your aerobic capacity (VOpeax). The test will involve a ten
minute warm-up (self-selected), followed by an exercise test to exhaustion which will start easy
and get progressively harder. During visit one, you will also be familiarised with the time-trial
assessment being performed in the subsequent visits.

2) You will perform 4 different warm up routines (your own self-chosen warm-up, high intensity
intermittent warm-ups performed at 100% and 150% of the power you achieved during visit
one, as well as "all-out" intervals, during which you will perform sprint intervals with maximum
effort), on separate days, followed by a three kilometre performance trial. During each of the
warm-ups and performance trials, heart rate (HR), oxygen uptake (VO,), body core temperature
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(tympanic thermometer in the ear) and blood lactate responses will be measured to see how
they influence performance.

What are the discomforts and risks?
You may experience muscular discomfort during and/or after testing and training. This is of
similar magnitude to a hard training session which you regularly expose yourself to.

How will these discomforts and risks be alleviated?
These effects of muscular discomfort are unlikely to be greater than you would experience
following a normal training session, assessment or competition and you will therefore be
familiar with it. All steps will be taken to ensure these effects are minimised by appropriate
warm-ups and rest periods being prescribed during and between testing and training sessions.

Maximal testing will be supervised by accredited sport scientists and carried out by the student
who is familiar with lab-based assessment of cyclists. The supervisor and the student both hold
current Fist Aid certificates.

What are the benefits?
Participants in this study will receive free physiological assessments of their aerobic capacity,
which are essential in the optimal development of an athlete’s athletic progress. In addition to
this, subjects will also be given direct feedback as to the optimal warm-up strategy for them
individually to improve race performance, and coaches will be given feedback as to how to
design the most effective warm-up for cyclists competing in events of similar nature.

What compensation is available for injury or neglig ence?
Compensation is available through the Accident Compensation Corporation within its normal
limitations.

How will my privacy be protected?
No individual participant will be identifiable in the final report as all data will be grouped, with
only means displayed. All individual data will be stored on a password protected computer and
hard copies in a locked room. Only the researcher and advisors will have access to and view
this data. Coaches and physiologists that work with you may be given your assessment data
with the your permission

What are the costs of participating in this researc h?
The only cost of you is your time, as outlined above (six sessions, 30-60min/session).

What opportunity do | have to consider this invitat ion?
You have two weeks to consider this invitation and give a response as to whether you want to
participate or not.

How do | agree to participate in this research?
Contact the principle investigator (Jordan Mclintyre, contact details below) to join the study and
receive the necessary consent forms and information.

Will | receive feedback on the results of this rese  arch?
You will be given individual feedback on your aerobic assessment and it's comparison to the
group means and with norms for your exercise population. Individualised feedback as well as
group feedback will be provided to you on which warm-up condition suit you best and which
was shown to be the most effective among all participants. Feedback will be given in written
report format and you will be given the opportunity to seek further verbal feedback from the
researchers.

This study will be published in scientific journals and presented at national or international
exercise science conferences.
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What do | do if | have concerns about this research ?

Any concerns regarding the nature of this project should be notified in the first instance to the
Project Supervisor, Dr Andrew Kilding (see below)

Concerns regarding the conduct of the research should be notified to the Executive Secretary,
AUTEC, Madeline Banda, madeline.banda@aut.ac.nz, 921 9999 ext 8044.

Who do | contact for further information about this research?
Researcher Contact Detalils:
Jordan Mclntyre
Institute of Sport and Recreation Research New Zealand
Auckland University of Technology
Division of Sport and Recreation
Private Bag 92006

Ph: 921 9999 x 7119
Mobile: 021 110 7440
Email: jordan.mcintyre@aut.ac.nz

Project Supervisor Contact Details:
Dr Andrew Kilding
Institute of Sport and Recreation Research New Zealand
Auckland University of Technology
Division of Sport and Recreation
Private Bag 92006

Ph: 921 9999 x 7056
Email: andrew.kilding@aut.ac.nz

Approved by the Auckland University of Technology Ehics Committee on10 April 2006, AUTEC Reference number
Kilding06/68.
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Appendix 2-2: Participant consent form

Consent to Participation in Research &w'ﬁ‘

UNIVERSITY
TE WANANGA ARONUI O TAMAKI MAKAU RAU

Wi

Title of Project: The effects of different intermittent ‘warm-up' str ategies on 3km
cycling performance.

Project Supervisor: Dr Andrew Kilding

Researcher: Jordan Mcintyre

« | have read and understood the information provided about this research project
(Information Sheet dated 24/04/2006)

« | have had an opportunity to ask questions and to have them answered.

« lunderstand that | may withdraw myself or any information that | have provided for this
project at any time prior to completion of data collection, without being disadvantaged in
any way.

« |l agree to take part in this research.

- | wish to receive a copy of the report from the research: tickone: Yes O No O

Participant Signature: ..o
PartiCipant Name: e

Participant Contact Details (if appropriate):

Approved by the Auckland University of Technology E thics Committee on 10 April 2006,
AUTEC Reference number Kilding06/68

Note: The Participant should retain a copy of this form.
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Appendix 2-4: Ethics approval sheet

AU

UNIVERSITY

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MEMORANDUM

To: Andrew Kilding

From: Madeline BandaEexecutive Secretary, AUTEC

Date: 10 May 2006

Subject: Ethics Application Number 06/68e effects of different intermittent ‘warm up'

strategies on 3km cycling performance.

Dear Andrew

Thank you for providing written evidence as reqedstl am pleased to advise that it satisfies thetp

raised by the Auckland University of TechnologyiEthCommittee (AUTEC) at their meeting on 10 April

2006. Your ethics application is now approveddaqreriod of three years until 10 May 2009.

| advise that as part of the ethics approval pmcogsu are required to submit to AUTEC the follogrin

» A brief annual progress report indicating compleneith the ethical approval given using form

EA2, which is available online throudtitp://www.aut.ac.nz/research/ethjéacluding a request for
extension of the approval if the project will n& tompleted by the above expiry date;

» A brief report on the status of the project usimgnf EA3, which is available online through
http://www.aut.ac.nz/research/ethic¥his report is to be submitted either when thgraval expires
on 10 May 2009 or on completion of the project, ctigiver comes sooner;

You are reminded that, as applicant, you are resplanfor ensuring that any research undertakeeuitinis
approval is carried out within the parameters appidor your application. Any change to the reskar
outside the parameters of this approval must bmitér to AUTEC for approval before that change is
implemented.

Please note that AUTEC grants ethical approval.offlyou require management approval from an
institution or organisation for your research, tiyen will need to make the arrangements necesealgtain
this.

To enable us to provide you with efficient serviae, ask that you use the application number artygitie
in all written and verbal correspondence with 8ould you have any further enquiries regarding riatter,
you are welcome to contact Charles Grinter, Et@igsrdinator, by email atharles.grinter@aut.ac.ior by
telephone on 921 9999 at extension 8860.

On behalf of the Committee and myself, | wish yaaaess with your research and look forward to readi
about it in your reports.

Yours sincerely

-
.

Madeline Banda
Executive Secretary
Auckland University of Technology Ethics Committee

Cc: Jordan Mclntyre jordan.mcintyre@aut.ac.nz
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