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ABSTRACT

Purpose: This study investigated the effect of deviating from triathletes’ preferred

cycling cadence (PC) on triathlon cycle-run transition and 10 km run performance.

. Methods: Trained triathletes (N = 12) underwetit three Olympic-distance cycle-run trials

at race pace, during which time data were collectgd. 4The-fj1rst (baseline) trial established
PC, average power output (PO) and 10 km run time. The second and third trials,
performed in a ‘coulnter4balapc~ed order, increased (HC) or decreased (LC) cadence by
‘20% from i’C during the last 13 km of the cycling while maintaining PO. Cycle time and
: )
run time over the three trials were analyzed usiI;g one-way ANOVA. Six physiological
variables wére measured at four time points: 27 — 28 km cycle (Time 1), 38 — 40 km
cycle (Time 2), 1 — 8 min run (Time 3) and 8 — 10 km run (Time 4). Physiological
variables were analyzed at Time 1 and-Time 4 by one-way ANOVA, whereas variables at
| Time 2 and Time 3 (cycle-run transition) were analyzed by 3 x 2 (trial x tiﬁe) ANOVA
with répeated measures on both factors. Results: The cycle-run traﬁ‘sitiqn was
influenced by cadence manipulation. When compafing HC to I:C, HC resulted'in a
Asmaller charige in energy requirements when transitioning from cycling to running. The
I‘JC strategy ;Nas more energetically efficient than HC during cycling, but resultedin a
greater change in energy-requirements during the cycle-run transition. Overall, the HC
strategy was more physfologically defnanding than the LC trial. The cadence '
interventions did not influence run time. Conclusions: Triathletes may minimize energy
usage during cycling by utiliéing a lower than preferred cadence prior to running,
hoWever, the cycle-run transition may be minimized by uﬁlizing a hi gher than preferred

F

cadence strategy.
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Chapter 1
INTRODUCTION

The nature of multi-spoft disciplines, such as triathlon, calls for the athlete to
_ efficiently transition from one event to the next. Depending on the sport, transitionin'g
may require\the athlete to utilize muscle groups in differing ways to perfofm eaCH leg of
the competition. In triathlon, the fatigue and awkwardness that can accompany the cycle-
run transition is often referfed to as the “transition phase’, and is considered by many to
be a particularly difficult aspect of an already grueling event. The points within the cyc'le
and run legs that define the beginning and end of the transition phase are not clear. For
_ the purpose of their study, Millet and Vleck (2000) defined the transition phase as being
from the last km of the cycle leg to the ﬁyst km of the run. Hue, Valluet, Blonc, and
Hertogh (2002) defined it as incorporating the cycle-run change and the first lap run
around a 333 meter track, wheréas Millet, Millet, and Candau (2001) simply state that it
may last for up to 20% of the run in an Olympic‘distance race. Regardless, the transition
from cycle to run results in a suboptimal run bout and a subsequent reduction in overall
triathlon pérforman‘ce (Hue, Le Gallais, Boussana, Chollet, and Prefaut, 1999).

"The reduced performance associateci with the transition phase is attributed to
various physiological events, such as glycogen depletion, dehydration and a metabolic
- shift toward fat oxidation (Millet and Vleck, 2000). The change in mechanical function
of muscle, from pﬁmarily concentric to eccentric contractions of the quadriceps (due to
cycling and running, respectively), may also negatively influence the transition phase
(Bijker, de Groot, and Hollaﬂder, 2002; Heiden and Burnett, 2003). Other factors,

including training technique and volume (Hue et al., 2002; Millet et al., 2001),




competition experiencé (Millet and Bentley, 2004), bicycle configuration (Garside and
Doran, 2000; Gonzalez and Hull, 1989; Olds, Norton, Lowe, Olive, Reay, and Ly, 1995),
race strategy and tactics such as drafting and cadence manipulation (Billat, Mille-
Hamard, Petit, and Koralsztein, 1999; Gottschall and Palmer, 2002; Vercruyssen,

, Brisswalter, Hausswirth, Bernard, Bernard, and Vallier, 2002; Vercruyssen, Suriano,
Bishop, Hausswirth, and Bﬁsswaiter, 2005)lmay .also influence the duration and intensity
of the triathlon transition phase. -

Investigétions into the transition phase phenomenon have identified possible
causes and training methods that may overcome it via physioio gical adaptation, but not
many attempt to identify a strategy to redu(;e its occuirence or duration. Sincée the
transition between cycling and running significantly affects subsequent running
performance, it would be useful to identify a technique that attenuates the negative
* impact of the transiﬁon phase. Altering cycling cadence during the final stages of the
cycle leg may improve transition and ultimately enhance the subsequent run leg, and
. therefore., race time.

Tﬁe optimal method of cycling cadence manipulation is a point dif contention in
recent research. Some athletes, including Tour de France champion Lance Armstrong,
use lower geafs to decrease pedal crank resistance, thereby reducing tordue required to

turn the crank (Coyle, 2005). Power output is maintained (power being a function of

torque (t) and angular velocity ((b), such that P = 1-@) by increasing cycling cadence.
Armstrong’s average time trial cadence is between 95 and 100 rpm (The Official Source
for All Things Lance Armstrong, n.d.), which is in line with the cadence seen in other

elite endurance cyclists competing in major cycling tours (Lucia, Hoyos, and Chicharro,



2001). Gottschall and Palmer (2002) also endorged a high cadence strategy when they
found that post-cycle run times irnproved by 4% when subjects cycled at a cadence 20%
faster than their preferred cadence. In contrast, lower cadences improved run time to
fatigue in a different study (Vercruyssen et al., 2005). The Vercruyssen et al. (2005)
study differed from Gottschall and Palmer (2002) in that Vercruyssen et al. (2005)_kept
cycling power consistent across the baseline and the two trial tests, possibly allowing
tighter control over the effect <.)f cadence on .ensuing running performance. However, the
Vercruyssen et al. (2005) protocol of measuring run time t§ fatigue is nbt a realistic

reflection of triathlon competition.

This study fnimicked the cycling portion of the Vercruyssen et al. (2005) study
protocol by altering cycling cadence by + 20% from an established preferred cadénce -
(PC) during the' final third of two experimental cycle;ruh bouts. However, it differed in
that éubjects performed a 40 km cycle followed by a'10 km run, as is required of
triathl\etes in an Olympic distance race. The effeét of each cycling condition on the

.

performance time of a subsequent, race-simulating 10 km treadmill run was measured.

Statement of Purpose

AThis study had two primary pumosés. The first was whether a particular cadence
strategy had an alteripg efféct on six physiological variables (which for the purposes of
this study will operationally define physiological effort) during the transition phase. The
second was to determine whether altering cycling cadence during the Jast 13 km of the

~ cycling leg of an Olympic distance triathlon resulted in an improved run time.
Additionally, we also investigated the influence of these cycling strategiés on the

physiological effort experienced during the final 2 km of the running leg.
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Hypothesis

The null hypothesis for this study is:

-

Instructing a trained triathlete to increase or decrease cycling cadence by 20%

" from preferred cadence during the final 13 km of the cycle bout will not cause a change

in running time or physiological effort when compared to baseline performance.

Assumptions of the Study

For the purpose of this study, the following assumptions were made:

1.

2.

The subj ects are representative of typical trained triathlon competitofs.
The adoption of a £20% change in cycling cadence during the last 13 km
of the cycle bout was not affected by a neuromuscular learning adaptation.
Subjects completed all trials as th(;ugh they were competing under race
conditions.

Subj ecté did not alter their training regimen during the study period;

further, the completion of these trials did not result in a training effect.

Definition of Terms

‘The following terms are operationally defined for the purpose of this investigation:

1.

Anaerobic Threshold (VO;ar1): The highest sustained intensity of exercise
for which measurement of oxygen uptake can account for the entire
energy requirement (Svedahl and Maclntosh, 2003). Higher intensities

produce a surge in lactate production as working musculature shifts

towards anaerobic ATP production via glycolysis. The intensity at which -

VO,aT occurs is represented as a percentage of VOypay. For the purposes




of this paper, anaerobic threshold is analogous to lactate threshold (LT),
however, this p;clper"will utilize the'term ‘VOzgf’ only.

Angular Velocity: The speed at which the pedal icrank is turned by the
triathlete.

Cadence: The angular velocity of the bicycle pedal crank, measured in

revolutions-min™ (rpm).

. Cardiac Output: The volume of blood ejected by the heart in one minute,

measured in nﬂ-min'l.

Draﬁing: The pdsitioning of an athlete’s bicycle in the proximity of
another moving vehicle so as to benefit from reduced air resistance (USA |
Triathlon, 2006).

Drafting Zone: A rectangular area 7 m long and 2 m wide surrounding
each bicycle (USA Triathlon, 2006).

External potential wo£k (Wpor): Calculated using the formula mass x,

gravity x height, and measured in Joules. Mass is the body mass in kg;

| gravity is constant at 9.81m-s”; height is the change in vertical height of

the body’s center of gravity during the stride, such that height = height
— heightpn, and is measured in meters.

External kinetic work (W\ip): Calculated using the formula %2 mass x
velocity?, and is measured iﬁ Joules. Mass is the body mass measured in
kg; velocity” is the change in horizontal velocity of a body’s center of

gravity during the stride, squared, such that velocity” = velocitymx_ —

velocityminz. Units are m.s™.
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10.

11.

12.

13.

14.

15.

16.

Net Energy Cost (EC): Calculated using the formula (VO, — 0.083) / V.
VO, is measured in mlkg”-min™, and 0.083 ml-kg"-min™ is the average
resting metabolic rate in‘'young adults (Millet and Bentley, 2004). V is the
mean velocity of the treadmill, measured in m-s™.

Physiological Effgrt: Defined in the present study as the response of six
physiological variables (heart rate, oxygen consumption, mihute'
ventilation, respi,ratory exchange ratio, rating of perceived exertion, and
blood lactate concentration) measured at four time points during a 40 km
cycle / 10 km run trial.

Seat Tube Angle: The é.ligle between a horizontal line\ (dfawn7 towards the
rear wheel through the axis of the pedal crank) and the seat tube.

Stride: The time period during running between the grounding of one foot,
and the next time that same foot is grounded. A stride fnay be referenced
in terms of stride length, measured in mefers; stride duration, measured in
seconds; or stricie frequency, strides per second or_sfrides-s'1 (Hz).
Torque: Angular force, and for the pu;'pose of this study is the amount of
force that mﬁst be exerted on the bicycle pedal to turn the pedal crank.
Transition: The time period during triathlon between when the athlete
ceases one activity (e.g., cycling) and begins the ﬁéxt activity (e. g:,
running).

VO;: The rate of oxygen consufnption, measured in ml’kg” ‘min™.
VOsmax: The maximal rate of oxygen consumption the bbdy is capable of

performing, usually determined during a maximal VO; test.
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17.

Venous return: The speed of blood return to the heart from the systemic

circulation.

- : Delimitations
A stationary cycle, not influenced by drafting, was utilized in'this study.
Only trained triathletes participated in this study.
Only male subjects between the ages of 18-48 years and female subjects
between the ages of 18-55 years were recruited for this study.
A study protocol of a 40 km cycle followed by a 10 km run to mimic that
seen in an Olympic distance triathlon was used in this study.
A study protocol of varying cadence by +20% during the last 13 km of the

cycle bout was used in this study.

Some subjects were unfamiliar with laboratory equipment and/or

conditions prior to study participation.

Limitations

The results of this study may be limited in application to non-drafting
races.

The results of this study may be limited in application to trained
triatflletes. |

The results of this study may be limited in application to male triathletes
aged between 18 and 48 years, anid female triathletes aged betwe»en 18 and

54 years, who compete in Olympic distance competition.



The results of this study may be limited in application to varying cadence
by +20% during the last 13 km of the cycle leg of an Olympic distance
triathlon.

Some subjects may have improved trial performance due to increased

equipment familiarity, rather than due to the experimental conditions.




Chapter 2

. REVIEW OF LITERATURE

The phenomenon of the triathlon tr_ans.ition phase is well studied, with most
papers finding that it. contributes to a decrease in competitive performance. The
mechanisrﬁs involved in transition phase appearance have Been previously studied, but
research into minimizing the transition phase is a more recent trend. To better understand
the transition phase, several factors considered essential to successful triathlon
pe%fomlance will be reviewed. These include the aerobic foundation required to perform
any endurance event, and the impact of an athlete’s ability to perform aerobically at
increasing exercise intensities. The effect of physical efficiency >and economy on
triathlon performance will Aalso be reviewed, as will the influence of training volume,
training téchnique and quantity of competitive experiénce. Race strategy, including
drafting, bicycle configuration and cadence manipulation will also be discussed, with
particular emphasis on the effect of several cadence strategies on triathlon run .

performance.

Aerobic Capacity and Endurance Performance

An athlete’s ability to both deliver and, to a lesser extent, utilize ‘oxygen in
working musculature significantly affects éndurance performance (Bassett and Howley,
2000). There are many variables that determine ability to consume oxygen at a given
intensjty (Coyle,- 1995). These variables inciuded muscle capillary density, stroke

volume, aerobic enzyme activity, and muscle fiber composition, which affect muscle
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economy. Cdllectively, these variables afféct performance velocity or race pace (Coyle,
1995).

The focus of much recent study has not solely been on performance velocity, But
on the energy cost of performance and the influence of this cost on the athlete rduring ,
competition. Coyle (1995) maintained that race pace is more determined by VOt than
VO,, which introduces the relationship between VOomax and VOpar. It has long been
accepted that VOZma,‘( is éprimary measure when analyzing endurance capacity and
training adaptation, as well as being a majd; c§nsiderati0n when éstablishing an exercise
prescripfion (Bassett and ﬁowley, 2000). However, the validity of using VOomax
exclusively to predict endurance performance has recently been questioned. VOimay is an
important predictor, but to well-trained athletes, the percentage of VO;max Where lactate
'threshold occurs (i.e., VOz AT) may be just as or more important than VO;max (Hue, Le
Gallais, and Prefaut, 2000). Coyle (1995) found that altﬁough two to three years of
intens{ve training saw an increase in VO;471, changes in VO;max Were minimal after that
point. This may be especially reievant to triathlon, a point supported by Roalstad (1989).
She suggested that because competitiVe ultraendurance triathlon athletes demonstrated a
wide variance in their VO;pmax capabilities; the correlation of VOjax to triathlon -
performance was even wéak_er than single sport events. A study by Coyle (1988) found
VOs4T to be a more relevant measure of elite enduraI:ce perfomaﬁce than VO;ax. Coyle
(1988) demonstrated a strong relationship (r = 0.90) between VO, 1 and tilﬁe to fatigue.

Another study by Millet and Bentley (2004) also*found that VO, was significantly

correlated to both cycling and running performance in triathlon.
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Therefore, because performance velocity for most athletes is at or slightly above
their VO,a1 (Basset and Howley, 2000; Coyle, 1995), a discussion regarding an athlete’s
performance capacity that references VOzmax should be done in co'njunction with that
athlete’s VO;4T. The combination of both values allows the translation of a relative’term

(.VOZ AT) into an absolute value, which enables a fair comparispn between athletes. For
example, blood lactate will rise at a VO, of 49 ml-kg‘l-min'1 in an athlete with a VO;max
of 70.m1-kg'1-min'1 and a VOzat 0f 70% VOZma?(. Contrast this with another athlete, who
has an identical VO;mayx, but experiences VOt at 60% VO:zmax. A pace that Tequires this

athlete to consume 42 ml-kg'l-min'1 of oxygen will elevate lactate concentrations
considerably. Given that both athletes consume the same amount of oxygen at maximal
exertion, a highef VO,at enables the first athlete to work harder while still primérily

- generating ATP aerobically. Thus, it stands to reason that the ﬁrét athlete will maintain a

faster rdce pace and post a superior time in competition.

"~ Metabolic Cost of Triathlon Performance

Triathlon provides the athlete with a hurdle not experienced in single discipline
events, i.e., performing multiple rthythmic movements (cycling then running) during the
course of the event. The fact that cycling is a non-weight bearing exercise and running is
a‘wei ght bearing one also provides an additional biorﬂechanical challenge, as the athlete
needs to maintain muscle coordination while shifting from the primarily concentric
movement of cycling to the primarily eccentric movement of running (Heiden and
Burnett, 2003). This shift affects muscle activation and therefore contributes to the

difficulty of the transition phase.
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The effect of the triathlon transition has been investigated by several studies. Hue .
et al. (1999) compared ventilatory response during the first 10 min of running after

endurance cycling": to those taken during running after endurance running: The initial run

" and cyclelbouts were performed at équal intensities. Based on ventilatory data collected,

the authors found that the ventilatory respoflse after cycling was significantly higher than
that seen after running at the same intensity. It was.concluded that the pulmonary
function changes seen during the first 10 min of running after a cycle bout may be
associated with respiratory fatigue, and possibly with exercise induced hypoxemia. Since
VO, during running after a cycle or run bout was not significantly different,i the authors
suggested there was no difference between the energy cost of running 'aﬁer cycling or
running. As such, Hue et al. (1999) proposed that the awkwardness of the transition
phase was due to a disturbance in the respiratory system, possibly due to respiratory
muscle fatigue coupled with eXtravascular water accumulation. Data from Millet and
Vleck (2000) confirmed and extended this proposition that respiratory fatigue may be due
to hyperventilati(;n, which was said to occur following a chain of events. Prolonged
endurance exercise causes a depletion in glycogen stores, which increases the demand on
fat oxidation to generate ATP. Accelerated fat oxidation will increase oxygen demand,
which is satisfied by increased breathing ﬁequency and tidal volume, thus leading to*
hyperventilation. Dehydratioﬁ was also said to negatively affect the transition phase, as it/
causes haematoconcentration, which decreases stroke volume, thus increasing heart rate. |
However, neither Hue et al. (1999) nor Millet and Vleck (2000) indicated whether
réspiratof‘y fatigue is associated only with the transition phase: assuming that glycogen

stores are not suddenly.replenished, it seems the aforementioned chain of events would

™~
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continue until the race is completed. As such, whether respiratory fatigue is associated
only with the transition phase is unclear.

A study by Bijker et al. (2002) highlighted another possible basis for the-transition
phaSe. They compared EMG activity in the vastus lateralis (VL), biceps femoris (BF)
and gastrochemius (GS) muscles during cycling and funning as power output increased.

It was found that the mean EMG activity in the VL and BF did not increase during
running as power output increased, although GS EMG activity did. The stability of VL
| and BF activation during a concomitant pO\;ver increase was unexpected, cohsidering that
muscle EMG activity and bower output are positively correlated. The authors attributed
the VL and BF response to the effect of the stretch-shorten cycle. This is seen during
eccentric muscle contra@tion, which occurs due to the braking and stabilizing functioﬁs of
the VL (and other quadriceps group muscles) aﬁe.r heel-strike and BF prior to heel strike.
These actions store potential energy in the stretched tendons, which is re-used in the
sut?sequeht c;)ncentric knee extension movement. This increase in stored energy
consequently increased the gross efficiency of these muscles, indicating they are more
efficient during running than when contracted in isolaﬁon. In contrast to running, all
three muscles demonstrated an incréased EMG pattern during cycling as power output
increased, suggesting cycling is almost wholly a concentric activity. This contrast in
mechanical function (i.e., changing from a concentric to eccentric moverr;ent pattern),
may temporarily result in decreased muscle efﬁciency, thus contributing to the difficulty
of the transition phase. |
Heideﬁ and Bumett (2003) performed a similar study with a triathlon-oriented

approach. They compared the level and duration of EMG activity in six lower limb
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muscles [rectus femoris (RF), VM, BF, VL, GS, and gluteus maximus (GM)] during
running following a previous cycling or running bout. During the flight stage of the
running stride, éll muscles investigated showed a slightly higher level of activation after
cycling, although only the VL data were significant. These data suggested that knee
e.xtenysion demands greatér muscle activation after a concentric activity such as cycling,
as the pedaling motion does not require full knee extension. This elevated muscle |
activity may negatively influence performance during the tr‘ansition phase. During the
running stance phase, all quadriceps muscles studied (RF, VL and VM) had a higher
activation level éﬁer cycling, although again only the VL data weré significant. The
authors accreditéd this to the possibly increased level of stability required in the knee
joint when moving from a non-weight bearing to a weightAbean'-ng exercise. Thus, in
addition to decreasing muscu]ar efficiency, as highlighted by Bijker et al. (2002), the
change in quadriceps function from concentric to eccentric contraction may result in' a
_ temporafy increase in the level and dufation-of EMG activity of this musculature,
seemingly until a more rhythmic movement is regained.

A study by Wells, Stern, Kohrt, and Campbell (1987) implied yet another reason

for the difficulty associated with the triathlon transition when they investigated the effects

of a sequential cycle-run bout on vascular and cellular fluid volumes. They found that
the overall effect of this activity, regardless of ordering (i.e., whether cycling or running
was performed first), resulted in significant weight loss regardless of water intake.
Hov'vever, performing a cycle-run bout, as occurs in triathlon, reéulted in a significantly
lowér fed cell volume compared to the run-cycle bout. While the authors did not

speculate on either the cause or effects of this occurrence, Hue et al. (2002) hypothesized

o o e =
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that it may be caused by the abrupt change in posture required to transition from cycling

to running.

Determinants of Tﬁathlon Performance

Some elements involved in successful triathlon performance are well identified,
while other aspects have been the basis for conflicting study results. The elements that
will be discussed in this section are training technique, volume of competitive experience,

equipment mechanics and race strategy.

Training Technique

Although triathlon is considered a multi-sport event, training cannot simply be
composed of a series of swimming, cycling and running sessions. While it is accepted
that each discipline is trained for independently, the athlete must also train for the
- transition phase; namely, transitioning from cycling to running. It is acknowledged that a

swim-cycle transition also exists, but research shows that this transition affects overall
performance less than the cycle-run transitio’n (Laursen, Rhodes, and Langill, 2000;
Millet and Bentley, 2004). )

| A common way for triathletes to train for the transition phase is by performing
multicyclé-run blocks, with the athlete repeatedly completing cycle bouts that are
immediately followed by running bouts to simulate the transition phase." Hue et al.
(2002) hypothesized that because European and Australian triathlon teams have |
successfully used this technique bfor several years, it seemed likely to improve cycle-run

.performance. The study randomly divided competitive triathletes into either an

experimental or control group. The experimental group incorporated a multicycle-run
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ptotocol into their regular training for six weeks, while the control group continued their
normal training regimen. For the purpoées of the experiment, the transition phase was
determined to incorporate both the cycle-run change énd the f'lrst lap run around a 333

-meter track. The study found that while the experimental group did improve their
performance through the transition phase, the overall performance time of the
experimental group was not significantly better than the control.

Sheer training volume may also play a part in transition performance. Millet et al.
(2001) compared the trénsition phase response of middle-level and elite athletes. The
study required all subjects to perform a seven minute 1"u1‘1 both before and after a maximal
cycling bout. Run speed was recorded during the first and last minufe of both run bouts.
One of the variables measured was ‘mechanical cost’ of work perfonned, which was
Calculated as the sum of external potential and kinetic work, divided by stride léngth.
The first minute of the run leg, in both the pre and post run conditions, was si!gniﬁcantly
more costly for middle-level athletes than elite athletes. The differenc;e in the mechanical
cost (meaﬁ + SD) of exercise between the pre and post run conditions was 0.4% + 6.9%
for elite athletes, whereas the difference was 7.1% % 6.0% for middle-level athletes.
Based on these results, the autho:rs suggested that the middle-level athletes were more
sensitive to cycling fatigue. The substantial standard deviation for both the middle and
elite level tfiathletes,. however, indicates a diverse range of individual responses to the
test. By the sixth minute of running, the mechanica;.l cost was similar for both groups,
which was said to mark the end Qf the transition phase. Given these results, the authors

concluded that the techniques utilized by elite athletes, such as increased cycling and
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ruhning mileage, should be adopted by middle-level athletes wishing to improve their

competition performance.

Triathlon Experience .

Millet and Bentley (2004) investigated whether the quantity of competition

experience affected triathlon performance by comparing the energy cost of running after

-cycling between male and female senior and junior elite triathletes. Subjects performed a

consecutive run-cycle-run bout, during which both physiological and performarice data
were collected. One physiological variable measured was the net energy cost (EC) of
running both before and after the cycle bout. Net EC is similar to the mechanical cost of
running after a cycling bout, as examined by Millet et al. (2001). lHowever, in contrast to
Millet et al. (2001), the net change in EC (AEC) between the first and second mean run.

o

bout times were significantly different only between junior and senior females. The

“authors concluded that senior fefnale triathletes were distinguishable from their junior

contemporaries by their significantly lower AEC between the two running bouts. The
conclusion is weakly supported by the data, due to the large standard deviation and small
sample size. In contrast, the senior male triathletes were distinguished from their junior
contemporaries by a significantly higher ventilatory threshold, which occurs at
approximately the same exercise intensity as VOar.

The differences in net EC (between female senior and junior triathletes) and
VOZAT (between male senior and junior triathletes) could also be attributed to increased
muscular efficiency that occurs as an athlete matures. Coyle (2005) conducted a
longitudinal study that investigated the adaptations seen in cyclist Lanc-e Armstrong over

a seven year period. Interéstingly, Armstrong’s VOt did not improve duting this
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period; in fact, it decreased from 85% VOzmax to 76% VO;max from 1992 to 1997.
However, the author attributed Armstrong’s continued success to constant physiological
adaptation to training that lead to improved muscular efficiency, which wa.s defined as
the ratio of the amount of work produced to the energy used to produce it. Both gross
and delta efficiency increased from 21.18% and 21.37% réspectively in 1992 to 23.05%

and 23.12% respectively in 1999. This efficiency was reflected in the power produced

when co;lsuming 5.0 L O,-min™", which increased from 374 W to 404 W duﬁﬂg the study
period. However, it is interesting that the exact physiological mechanisms responsible
fc;r this athlete’s 8% increase in efficiency remained unclear. As a side note, the author
commented that it was ‘remarkable’ that these improvemeﬁts were achieved during a
period where Armstrong developed and overcame advanced cancer, which required both

surgery and intensive chemotherapy.

Equipment Mechanics

The mechanics of an athlete’s bicycle also influence overall triathlon
performance. Garside and Doran (2000) investigated the influence of varying the bike
seat tube angle on subsequent run-bout performance. It was found that a more upright or

‘forward’ angle (81° ‘steep’ vs. 73° ‘shallow’) significanfly improved the run

. perforrhance during the first 5 km of the race-simulating 10 km run. They proposed that

the adopted riding position more closely mimicked the natural running position, thus
reducing the effect of the tralrlsition phase.

Bicycle wheel diameter also positively influences overall ra‘t:e times (Olds et al.,
1995). Cyclists often configure their bicycles so the front wheel is smaller than the back,

which is said to have a two-fold advantage. The first is that a smaller front wheel
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. diameter facilitates closer drafting to a leading athlete, and the second is that it tips the
rider slightly forward, reducing the surface ’area presented to wind resistance. Indeed,
Olds et al. (1995) did find that bicycles configured with smaller front wheels fesulted ina
reduced wind résistance over a 6.5 km time trial course. When drafting was permitted
during comparison trials, the same diétance was covered up to 1.5% faster. Although
these improvements seem small, they could positively- influence elite competition results
(Olds et al., 1995).

Gonzalez and Hull (1989) investigated the optimal bicycle configuration for a
given rider by identifying which design resulted in the lowest movement cost. They
chbse the bicycle crank arm lengih, seat héight, longitudinal foot position (i.¢., the
distance between cleat attachment point on the pedal and fhe lateral malleolus), cadence,
and seat tube angle as bicycle variables, and divided subjects into three height categories:
the ‘small’, ‘average’, or ‘tall’ man. They found that as the height of the rider increased,
crank length, seat hei‘ght and foot position should also increase, whéreas seat.tube angie
and pedaling rate should decrease. It was stressed that because all geometric variables
(with the exception of foot position) are comparable in terms df statistical sensitivity,
each should be given careful consideration when assembling ahd adjusting bicycle

equipment.

Race Strategy

Triathlon literature is abundant with ‘optimal’ race strategy and tactics, many of
which flatly contradict each other. Vleck et al. (2006) found that a reduced pace during
the swim leg results in the athlete attempting to catch up,.during the cycle, t'hus negatively

affecting run time and overall race position. Sleivert and Wenger (1993) indirectly
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agreed, saying that because the run leg is the biggest overall triathlon indicator for both

men and women, it is important to conserve energy for thié leg. Conversely, a study by
Peeling, Bishop and Landers (2005) concluded that swimming below time trial intensity
could significantly improve cycling time and overall triathlon perfoﬁnance.

Drafting is a widely-usled racing strategy, which involves using the drafting-zone
of a leading athlete to lessen the effect of wind resistance during cycling. The drafting
athlete cycles in the leading athlete’s slipstream, which is an artificial tailwind within
which air is already moving forward when the drafting athlete reaches it. Drafting

reduces wind resistance, which constitutes over 90% of the mechanical resistance against

a bicycle when traveling over 8.9 m-s" (19.9 mph) (Kyle, 1979‘). The smaller this
resistance, the easier it is to cycle at a higher intensity, which improves subsequent run
time (Vercruyssen et al., 2005). Drafting has been legalized for pr(;fessional
International Triathlon Union (ITU) World Cup triathlons since 1996 (C. Elford, personal
communic'ation, June 27, 2006), but continues td be illegal for age-group Ara.ces.

Drafting has been a topic of interest for some time. Some studies have attempted
to identify optimal drafting str_ategies.to ease the cardiovascular demand ofmaint.aining a
high cadence, and thus reduce the transition phase duﬁng draﬁ-legal races. A study by
Kyle (1979) investigated the reduction of wind resistance while athletes ran and cycled in -
groups. He found that total wind resistance decreased by an average of 44% if there was
no gap between the leading cyclist’s back wheel and the drafting cyclist’s front wheel.
Increasing the wheel gap to two meters decreased the drop in total wind resistance to an
average of 27%. Kyle (1979) also investigated the effect of body position during cyc}ing.

Tailing subj ects found a greater drafting benefit when the leading cyclist assumed the
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upright riding position rather than the crouched over racing position, which seems
p g gp

" obvious given that the former pbsition would present a greater surface area and generate a

larger slipstream. Olds et al. (1995) stated that there is no drafting benefit if the wheel
gap exceeds thjee meters, which makes it interesting that the ITU considers riders to be
drafting if they follow within si;< meters of a leading cyclist.

A study by Hausswirth, Lehenaff, Dreano, and Savonen (1999) investigated the
benefits of drafting on several physiological factors including energy expenditure, heart
rate and ventilation, as well as subsequent run performance time. National level
triathletes performed a baseline 5 km isolated run, which was compared to running after
both a drafting and a non-drafting cycle bout. One of the 'interesting findings was that
preferred cycling cadence increased significantly when drafting, but this was
accompanied by a 14% reduction in VO,. Drafting may have allowed the athlete to
maintain his/her cycling velbcity using a lower power output. This was indicated by the
reduced VO, and th; reduction in post-cyclé blood lactate meaéures, suggesting that the -
athlete was conserving energy for the more demanding run leg of the test. Thus, the
ability to draft during the triathlon cycling leg may result in an increased energy reserve
that can be utilized during the transition phase and possibly result in an improved run

performance time.

Cycling Cadence

~ Another important triathlon race strategy is cadence manipulation, which is also
one of the more popular areas of investigation in recent triathlon studies. The

physiological effect of cycling cadence plays a primary role in the development of

triathlon competition strategy. Power output (PO), which in cycling translates directly to
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velocity, is a function of torque and cadence. These two variables may be manipulated

) when: achieving a set PO, and the decision to emphasize either torque or cadence to
achieve that output depends on the strength and ﬁtnegs of the athlete, respéctively.
MaclIntosh, Néptune, and Horton (2000) chose to vary cadence to identify the minimum
level of muscle activation necessary to achieve a power output equivalent to 50-55% of
each subject’s VOymax. The EMG amplitude of seven lower limb ﬁusclcs (soleus, medial
gastrocnemius, tibialis anterior, VM, RF, long head of BF and gluteus medius) was
measured during these tests. It was found that the minimal level of muscle activation to
achieve a given PO occurred at a unique or ‘optimal’ cycling cadence, and that there was
a positive correlation between PO and optirhal cadence. This information would be
particularly useful to higher level triathletes, who race at a level of competition where the
difference l;etween athletes tends to be their ability to perform at high intensities for a

long duration (Coyle, 1995; Roalstad, 1989), rather than superior strength.

Effect of Cadence on Subsequent Running

The effect of cjcling cadence on‘»ensuing running performance has been the focus
of several recent studies. The resultant literature is equivocal, implying that there are
bot.h efféctive and detrimerital ways o‘f manipulating cycling cadence. Bernérdl
Vercruyssen, Grego, Hausswirth, Lepers, Vaflier, and Brisswaltér..(2003) investigated
how cycling at 60, 80 or 100 rpm affected a subsequen'; 3 km run bout. These cadences
were selected as they are close to those previously shown to represenf the energetically
optimal cadence (EOC), the freely chosen cadence and typical drafting cadence,

respectively, demonstrated by study subj ects. Subj ects’ performance during a subsequent
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run was compared to an isolated run trial that served as the control. Bernard et al. (2003)
found that, although there was no si gniﬁcant effect of cycling cadence on ensuing run
performance, cycling at the two higher cadences increased stride rate and running
velocity during the first 500 m of the run. They also found that higher cadences were
associated with higher HR and.VO, values during the run. Thev authors concluded that

-the elevated metabolic cb_st associated with high cadence strate gies lead to an unstable
running pattern; hence, it was unwise to adopt such a strategy. However, their data
showed that cycling at the low cadence significantly elevated VO, after the first km of

~ the run and VO, continuéd to rise until completion Qf the run trial. This rise in VO, was
not discussed by the authors, but it seemed to signify the appearance of the slow
component of oxygen uptake kinetics, indicating that édopting a lower cadence strategy
could negatively influence run performance. Additionally, the use of an isolated run trial
as a baseline seemed questionable, especially when im)estigatjng the effect of cycling on
subsequent run performance.

Gottschall and Palmer (2002) suppprted a fast cadence strategy after they
investigated the effect of cycling 20% faster or slower than an established preferred
cadence. The study protocol had subjects complete a 30 min cycling bout prior to
running 3.2 km. Subjects initially compléted a baseline control trial, where they were
asked to maintain a cadehce that simulated "ra‘cing conditions, and then perfonﬁéd two
experimental trials that altered their baseline cadence by +20% for the duration of the
cycle bout. In line with the Bernard et al. (2003) findings, initial stride frequency
i‘ncreased during the +20% trial. Run times also improved by 4% in comparisbn' to thza

baseline run bout, and by 7% in comparison to the -20% run bout. Their study design
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ens;ured heart rates were constant throughout the three cycling trials in an effort to ensure
that cadence was the only influencing factor on subseque'nt run performance.
Vercruyssen et al. (2002) investigated the effect of different cycle cadences on the~
appearance of the VO, slow component during a subsequent running performance. Three
different cadences were utilized, which were either freely chosen by the athlete (FCC), or
mathematically calculated (mecha[nicaily optimal cadence: MOC and energetically
optimal cadence: EOC). The study protocol consisted of three 30 min cycle run bouts
followe(i by a 15 min run, and each subject performed all trials. A 45 min isolated run
trial, which was broken into 30 and 15 min portions in order to standardize all four tests,
served as a control. After each cycling bout, subjects performed a run bout at an intensity
that was cc‘)ntrbfled across all testé, duririg which oxygen consumption was measured.
Results showed that perfofmance of the MOC and FCC, which were th¢ highest cadence’

tests.(90.2 + 0.8 rpm and 81.2 + 7.2 rpm respectively), coincided with the appearance of

the VO, slow'compone"nt during the run bout, while the EOC (72.5 + 4.6 rpm) led to a

stable'VO, during running. By definition, the slow component of oxygen uptake kinetics,
or a delayed steady state, appears at an exercisé intensity higher than steady state. This
exercise intensity is generally above VO,aT, and is associated with physiological changes
that include elevated muséle temperature and the recruitment of Type II muscle fibers |

(Vercruyssen et al., 2002). These changes indicate that the squ ect would be unable to

maintain that intensity for the duration of an event such as the 10 km triathlon run,

therefore resulting in suboptimal running performance. Thus, these authors suggested
that a cadence that elicits the VO, slow componént during the subsequent run is

unsuitable for triathlon-competition.




25

Vereruyssen and his colleagues followed up this study with another in 2005,
which investigated the effect of different cycling cadences on subsequent run time to
fatigue. The cycling protocol consisted of a baseline 30 min time trial to establish FCC,
and two experimental trials that v.aried. the FCC by +20% during the last 10 min of the 30
min bout. Each cycle bout was followed by a run to fatigue, where subjects were o,
instructed to maintain a pace equivalent to 85% VOymax. Each subject performed both
experimental tests. It was found tha@ perform‘ance of the -20% trial saw a significantly : ' i
fmproved run time to fatigue in comparison to the baseline and +20% tests. These
findings solidify the résults of the Vercruyssen et al. (2002) study, which found that a
+20% strategy is detrimental to running performance; but contradicted the Gottshall and
Palmer (2002) etudy that indicated a +20% strategy resulted in faster run performance |
over 3.2 km. The Vercruyssen et al. (2005) study differs from doﬂschall and Palmer
(2002) in that Vercruyssen et al. (2005) ensured PO was consistent across the baseline :
and the __vtvs./o trial tests, possibly allowing tighter control over the effect of cycling cadence |
on ensuing running performance. In contrast, Gottschall and Palmer (2002) kept HR
constant, meaning that the absolute’ PO generated during the increased cadence trial may
have been less than that generated during the decreased cadence trial (PO was not
reported in this study). A decreased PO could have resulted in reducing muscular fatigue
during the higher cadence trial, possibly lessening the influence of cadence on subsequent
run performanee.* However, Lepers, Millet, Maffiuletti, Hausswirth, and Brisswalter
(2001) found that HR and VO, were not affected by a +20% cadence strate gy during a 3OL
min cycle bout at 80% maxima1 aerobic power. Nevertheless, the fact that Vereruyssen

et al. (2005) measured run time to fatigue rather than run time over a set distance may
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render their results as less relevant to triathlon competition. As such, an investigation
into the influence of different caderice strategies on run performance within an

environment more reflective of actual triathlon competition may shed light on this'matter.

Summary

This literature review discussed variables that influence cycling technique, the
appearance and séverity of the transition phase, and its affects on subsequent run
performance in triathlon. As is apprppriate for all endurance sports, triathletes must
possess a strong foundation of aerobic fitness, which recent research shows is better
indicated by the VO, a1 in conjunction with VOypay, rather than just the latter. However,
because triathlon is a multi-sport event, it provides a transitional challenge not seen in
regular sports (i.e., the cycle-run transition). Studies show that fatigue caused by a
previous exercise bout plays a major role in the transition phase, but such fatigue is not
the only source of the problem. When perforfning a cycle-run bout, the athlete must shift
from a non-weight bearing, somewhat crouched cycling posture to the weight bearing and
upright running posture. This change also requires the athlete to shift from concentﬁc

contraction of the hip and knee that predominates during cycling to the eccentric

s

-contraction of the knee required during running. Many studies have found these shifts to

be difficult for the body to make. As such, they should be trained fot, possibly by the
inclusion of ‘multi-block’ training, to expedite the required physiological adaptation.

" Other research found that sheer experience and training volume, which increases
muscle efficiency, is a critical aspect of successful triathlon performance. Racing
strategies such as draﬁing, along with cycling cadence selection and optimal bicycle

configuration also play a critical role.
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The conflicting reports regarding cycling cadence provide the basis for this
curreﬁt investigation. A study by Gottschall and Palmer (2002) found that cyclingwat a
cadence above that freely chosen by the athlete improves subsequent running
performance. However, this conclusion may 'be questioned considering it was not clear
whether PO génerated during the high cadence bout was equivalent to that produced
during their-other tests. Other studies, including that by Bernard et al. (2603), |
Vercruyssen et al. (2002) and Vercruyssen et al. (2005), support a‘lower than preferr'ed‘
cadence strategy due to the improved performance seen during a subéeque;lt running
bout. However, whether the protocols employed by thése studies would accurately
translate to triathlon competition is unclear. This study hopes to shed light on this maﬂér
by setting a protocol similar to that utilized by Vercruyssen et al. (2005), but differs in

that it will reflect Olympic triathlon distances.




Chapter 3
METHODS
In this study, the effects of manipulating cycling cadence,during the final third of

a 40 km cycle bout upon the physiological effort of the cycle-run transition and 10 km

- run performance were investigated. The following chapter outlines the methods used'in

this study. This chapter is divided into the following sections:
1. Subj‘ec'ts
2. Design
3. Equipment
4. Performance Trials

5. Statistical Analysis

Subjects
All testing protocols were approved by the Ithaca College’s All-College Review

Board for Human Subjects Research. Following a recruitment presentation to the Ithaca

~ Triathlon Club and subsequent word-of-mouth, 15 (13 male, 2 female) triathletes who

had performed at least one Olympic distance triathlon within the previous six months

volunteered to participate in this study. Each subject signed an informed consent form -
(Appendix A) after being made aware of the study protocol, potential risks and benefits.
They also completed a medical history form (Appendix B) detailing potential events or

conditions, such as heart problems, that may exclude them from the study. Performance

exclusion criteria for subjects consisteéd of achieving a maximal oxygen consumption

(VOamax) value of less than 45 ml-kg'l-min'1 for males and 40 m1~kg'1-min'1 for females.
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Of the original 15 subjects, three were unable to consistently maintain the required
cadence during the high cadence trial, consequently invalidating their data. Therefore, 12
(11 male, -1 female) subjects completed all elements of the study and were included in

- data analysis. Subject characteristics can be seen in Table 1.

 Design

Each participant reported to the laboratory four times during the course of the
study, and completed one test per visit. There was at least a four day rest period between
each test. In the first test, subjecté’ VO, during treadmill running was'measured. The
second test was 4 baseline cycle-run bout, where subjects cycléd 40 km immediately
followed by a 10 km treadmill run. Each subject’s preferred cadehée (PC) was
determined by his or her average cadence during the baseline cycle bout, as was average
power output (PO). In the third and fourth tests, which were Arandomized to prevent an
order effect, subjects were required to maintain PC during the first 27 km cycling,-then
altered their cadence by +20% during the last 13 km. PO was to be kept constant
throughout the 40 km bout. Once the cycle bout was complete, subjectsperformed a 10
'km treadmill run, which they were instructed to perform at ra;:e pace. Subjects were
given written instructions on how to prepare for both the Vbzmax test, as outlined in

- Appendix C, and the cycle-run tests, as outlined in Appendix D. .

Equipment
All experimental cyclé tests were performed on a Computrainer indoor trainer
(Pro Model 8002, RacerMate, Seattle, WA),,which was controlled by CompuTrainer

Coaching Software 1.5 (CS) installed on a Dell Optiplex G260 computer. The




Table 1

Descriptive Characteristics of Subjects by Group and Gender

30

HRps

Age Height Weight  PC PO VO
) (cm) (kg) (rpm) W)  (mlkg"min") (bmin™)
© Males 375 1792 760 85.3 176.3 62.2- 184.0

@=11) %656 +54 50  +62  +258 +6.4 +7.0
Female 47 1676  59.1 79 134 50 153
(n=1) , .
All 38.3 1782 746 848  172.8 61.2 181.4
m=12) %69 +61 +£68 62 275 +712 +11.2

Note: data (mean * SD) are age, height, weight, maximal oxygen consumption (VOzmax),

and maximal heart rate during an incremental treadmill running test. Preferred cycling

cadence (PC) and average power output (PO) were determined during the baseline cycle |

—1un tral.
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. CompuTrainer allows a bicycle’s rear wheel tb be suspended against a magnetically-
braked roller. The CompuTrainer was set to operate in the general exercise mode, where
resistance on the roller is determined by rider wei ght and speed to replicate outdoor
cycling. This software was used to create a user data file that included agve, height, body
weight and gender for each subject, and also to collect performance data during all tests. .
Subjects were ﬁttéd with a Polar heart rate monitor (S120, Polar Electro Oy, Kempele,
Finland) so HR could be monitored telemetrically during each test.

All VOjmax and 10 km running trials were carried out on a ;:ommercial treadmill
(Precor USA €954, Woodinville, WA). During the running portion of the e.xperimentali
trials; subjects used the treadmill in rﬁanual mode, and could adjust Ming speed
autonomously. The treadmill was controlled by the researcher during the VOymay trials to
adjust both treadmill speed and incline as required.

As per the trial prot(?col, subjects were p.eriodically fitted with a mouthpiece that
directed explred air into a gas analyzer (ParvoMedics TrueMax 2400, Sandy, UT) to

-measure VOz at set intervals throughout the cychng and running bouts. During these
intervals, blood was also drawn from each subject, and blood lactate was measured by the
Acutrend® Lactate Analyzer (Roche, Mannheim, Germany), as described by Bassett,

Merrill, Nagle, Agre and Sampedro (1991). -

Performance Trials *

Maximal Tests

Each subject underwent a maximal running test to determine peak VO, during ~ *

each test. The maximal running test was incremental, and subjects first completed a 3
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min warm up phase at their estimated triathlon 10 km race pace. Once the warm up time
had élapsed, the test was begun. The first 2 min of fhe test was performed at 0.5 mph
faé,ter than race pace, and the next 2 min at 1 mph faster than race pace. This velocity
was maintained for the remainder of the test. Each'subsequent 2 min stage saw an
increase in Héédmill grade by 2.5% until the subject reached volition-exhaustion. During
these maximal tests, VO, was recorded at 30 s intervals, and HR was recorded at minute
ifitervals. Volitional exhaustion was determined in accordance with Howley et al. (1995)
(i.e., the subject reached a blateau in VO, despite an iﬁc‘rease in power output, recorded
an RER of 1.15, or decided he or she could no longer maintain the exercise at the current
intensity). Peak VO, was recorded as the average of the four highest consecutive VO,
(ml’kg’-min™) values (Vercruyssen et al., 2005).

When the test was completed, subjects cooled down at a self-determinéd ‘easy’
pace for 2 min. At the end of the cool-down, a fingertip was sterilized with an alcohol
preﬁ pad, and a sterile lancet used to make a puncture so a blood sample c;)uld be

obtained for blood lactate analysis.

Cycle-Run Bouts

All subjects performed three cycle-run bouts, during which they completed a'40 .
km cycle immediately followed by a 10 km treadmill run. Subjects were requested to
complete each trial at their race pace to simulate competition performance. Sﬁbj ects
supplied their own cycling and running equipment and a fan was available to cool them
during each test. Subjects who stated they routinely consumed energy supplem;ents
during a triathlon were permitted to do so during trials, but under stipulation that: a) they

bring enough proauct to the baseline trial for all three cycle-run trials; and b) they
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consume the saine quantity of the same supplement at the same point/s duriﬂg all cycle-
run bouts. This information was recorded during each trial.

During the baseline and experiméntal tests, outlined in Figure 1, expirz'ltor); gas
data was collected twice during both cycling and running. This required subjects to weér
a gas analyzer mask to allow measurement of VO,, which was removed when data was -
not being collected. During the cycle leg, respiratory measurements Were taken from 27

km to 28 km (27 km being the cadence transition point) and from 38 km to 40 km. A

~ blood samplé was also taken during these times for lactate analysis, and subjects were "

asked for their RPE. During the experimental trials, subjects were required to ché.nge
gears after 27 km in order to keep PO as close as possible to the average PO maintained
during the baseline trial. Upon completi'on of the cycle bout, subjects were instructed to |
prepare for the run bout as quickly as possible, but were not to remove the gas analyzer
mask as expired gases were also measured during the first 8 min of the run bout. This
transition time was.recorded. After 8 min of running, subjects removed the analyzer head
gear themselves while they continued running, and blood was again drawn for lactate
analysis. Each subjéct was resporisible for determining his or her own running speed on
the treadmill throughout the entire 10 km, with the instruction that they alter speed based

on how strong they were feeling. In order to avoid motivation based on previous

.performances, elapsed time on the treadmill was hidden from subjects after the first 8. min

of running. Subjects ran without head gear until the 8 km mark, at which point head gear -

was again donned and gas data collected until the end of the 10 km. Time to completion
was recorded. Subjects removed the head gear, were immediately asked for their RPE,

and then decreased the treadmill speed to an easy walking recovery pace for 1-2 min.

4
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The treadmill was then stopped, subjects were seated, and another blood sample was

taken for lactate analysis.

Staﬁistical Analvysis

Once data collection was complete, a series of ANOVA analyses were performed.

Firstly, two one-way ANOV A analyses were performed to identify trial differences in 1)

cycle time, and 2) run time. Data were also collected on six physiological variables

(heart rate, oxygen consumption, minute ventilation, respiratory exchange ratio, rating of

perceived exertion, and blood lactate concentration) at four time points during each

cycle-run trial. These data were analyzed in three stages as each time point was

measured to meet a particular objective of the study. The time points were organized and

analyzed as follows: .

1.

Time 1 (27 — 28 km cycle). The study protocol across all trials was identical until
the 27 km point ovf the cycle bout. As such, none of the physiological data
collécted at Time 1 would be expected to exhibit a significant difference betweeﬁ
trials at this time point. To verify physiological response consistericy between
trials at Time 1, a one-way ANOVA was conducted for each physiological
variable. If significance was detected, post-hoc dependent t-tests were performed.
Time 2 and 3 (38 — 40 km cycle and 1 — 8 min run). This time period represented
the cycle-run transition phase, which was the main focus of interest for this study.
Data were collected at both time points to identify if physiological effort differed
between trials. As such, a 3 x 2 ANOVA (trial x time) was performed on all
physiological data collected. If an interaction was found, post-hoc analysis was

performed using a series of dependent t-tests. A Bonferroni correction was not




36

i)erformed on these» analyses for two reasons: 1) we were not assuming the null
hypothesis was true, 'and 2) we did not wish to increase our chances of producing
a Type II error (i.e., failing to reject the null hypothesis when it is fal.se). Ifno
interaction was identified, significant main effects were followed by dppropriate

dependent f-tests.

. Time 4. This paper notes previous studies that did not reflect realistic triathlon

distances of either cyCIing, runniné, or both. As such, the Time 4 portion of the
analysis determined whether a cycling strategy had any lasting influence on.a full
Olympic-distance triathlon run leg. To identify differences between trials, a one-
way ANOV A was performed on physiological data collected. A significant
finding for any physiologicél dependent vaﬁable at Time 4 was followed by a

series of post-hoc dependent t-tests.

Statistical analyses were perfoﬁned hsing SPSS version 13.0 for Windows (SPSS

Inc., Chicago, IL). An alpha level of 0.05 was used to denote statistical significance of

ANOV A measures.



Chapter 4
RESULTS
| This study was performed to determine if altéring cadence during the last third of
a 40 km cycling bout affected physiological effort of both the cycle — run transition and

overall triathlon performance, as well as 10 km run time in trained triathletes. Subjects

'performed three trials of 40 km cycle / 10 km run bouts. The first was a baseline trial to

identify PC, average cycling PO, and subsequent 10 km run time. PO was held constant
during the second and third trials, while cadence was either increased or decreased by
20% from PC during the final 13 km of cycling. This chapter describes the statistical
analyses of collected dafa, and is divided into the folléWing sub-sections: 1) Run Time_,;

2) Cycle Time; and 3) Physiological Variables, including (a) Heart Rate; (b) Oxygen

Consumption; (c) Ventilation; (d) Respiratory Exchange Ratio; (e) Rating of Perceived |

Exertion; and (f) Lactate. These dependent physiological variables wére measured at
four time periods during each trial: (Time 1) 27 — 28 km cycling; (Time 2) 38 — 40 km

cyclihg; (Time 3) 1 — 8 min running; and (Time 4) 8 — 10 km running.

Run Time

A one-way ANOVA was performed on run time data to determine whether the
cycling cadence intervention had an éffect on 10 kmi run time. The results of this analysis
are outlined in Table 2. .The significant difference (F(2,22) = 21.22; p < 0.05) seen in run
ﬁmes between trials fesulted in post-hoc dependent t-tests, which were compléted to
identify specific difference. The .post-hoc analysis showed that basgline 10 km run time

was significantly longer than HC and LC 10 km run time (Figure 2). Thére was no

difference between HC and LC run times.
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.Table 2

Run Time ANOVA Summary Table

G LR, e R T

SS - DF

MS F

Mean and standard deviation for 10 km run times during all trials.

p
. Tnal 39.56 2 19.78 21.220 0.000*
Error (Trial) - 20.51 22 0.93
Note. * p <0.05;n=12.
50 - i *
*
T
'E 45 -
[«}]
.§ ' ;":: N
[ | "".'; -
£ 40 ,
(1 4 4 B
35 - : ’
A Baseline HC LC
Trial
Figure 2

Run time during the baseline trial was significantly (* p < 0.05) greater than
run time for either the HC or LC trials.
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Cycle Time
A one-way ANOVA was performed on cycle time to determine whether subjects
demonstrated a difference in cycling performance among trials. TaBle 3 displays the
results of this analysis, and shows that cycling time was similar for all trials (F222) =
0.813; p = 0.457). This was expected as the study protocol required a constant power
output, and therefore speed, througflout all trials. As such, time taken to complete the 40

" km cycle should not have varied between trials. Figure 3 shows mean cycle times.

Physiological Variables

Heart Rate

Time 1. A one-way ANOVA was performed on HR data at Time 1 to determine

. whether a significant between trial difference was séen for HR at this point. Table 4
shows the results of this analysis, which indicate that a significant difference existed
between trials (F2,22) = 14.702; p < 0.05). Follow-up dependent t-tests identified that HR
during the baseline trial was significantly greater than during the HC and LC trials at
Time 1 (Figure 4).

Time 2 and 3. A 3 x 2 ANOVA (trial x time) with repeated measures on both
factors was performed to detect statistically significant differenpes in HR for trials at
Time‘2 and Time 3. These results are outlined in Table 5, w.hich‘shows a significant
interaction (F(2222) = 17.208; p < 0.05). Post-hoc dependent t-tests indiéate that, at Time
2, HR was significantly greatérduring both the baseline and HC trials when compared to
| the LC trial. At Time 3, HR during the HC trial was significantly greater than the LC

trial. In‘other words, HR was lower thrdughout the transitional phase (i.e., Time 2 and




Table 3

Cycle Time ANOVA Summary Table
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SS DF- MS F

Trial 2.45 2 1.23 0.813

Error (Trial) 33.18 22 1.51

0.457

Note.n=12.

Cycle Time (min)
N N N N N oo oo
O N A OO ® ©OKN B
1 1 1 1 1 1 ] J N

[*2]
o]

Baseline HC LC

Trial

Figure 3

Mean and standard deviation for 40 km cycle times during all trials.
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Table 4

HR (Time 1) ANOVA Summary Table

sS DF MS F p
Trial 1109.06 2. 554.53 14.702 0.000*
Error (Trial) 829.78 22 37.72

Note. * p <0.05; n=12. -

190 -
180 -
170 1
160 -
150 1
140 -
130 -
120 -
110

—e—BL
-a—HC 3

~4—LC

Heart Rate (bpm)

Time

Figure 4
Mean HR values across four t1me poirits during each cycle-run trial.
Significant differences (p < 0.05) between Trials are denoted as. follows

§ p <0.05 between baseline and HC trials.

T p <0.05 between baseline and LC trials.

* p <0.05 between HC and LC trials.
Significant differences (p < 0.05) between Time 2 and Time 3 are denoted as
follows:

I » <0.05 during HC trial.

Q p <0.05 during LC trial.




Table 5

HR (Time 2 and 3) 3 x 2 ANOVA Summary Table
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SS DF MS F . p
Trial 1079.25 2 539.62 9.534  0.001*
Error (Trial)  1245.16 .22 56.60
Time 1169.06 1 1169.06 23.763 0.000*
Error (Time) ~ 541.17 11 49.20
Trial*Time 366.64 2 183.32 - 17.208 0.000*
fT“n.";l*Time) 234.37 22 10.65

Note.* p <0.05; n=12.
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Time 3) during LC compared to HC. Time-based post-hoc comparisons revealed that’
Time 2 HR was signiﬁcantly lower than Time 3 during the HC and LC trials (Figure 4),
- meaning that running elevated HR above that measured during HC and LC cycling.

Time 4. A one-way ANOVA was performed on HR data at Time 4 to deterinine
if a significant between trial difference was seen for HR at this point. Thé results of this
analysis are displayed in Table 6, and indicate that a significant difference existed

“between trials (F(222) = 6.154; p < 0.05). Follow-up dependent t-tests were performed
and identified that HR during the baseline tﬁal was signiﬁcahtly greater than during both

the HC and LC trials (Figure 4). This was similar to the HR results at Time 1.

Oxvygen Consumption

Time I. A one-way ANOVA was performed on the VO, data at Time 1 to .
determine whether subjects experienced-signiﬁcaht between trial differences at this point.
The‘results of this analysis are displayed in Table 7, and indicate there was no significant
difference in VO, between trials at Time 1 (Fz,22) =2.500; p = 0.105).

Time 2 and 3. A 3 x 2 ANOVA (trial x time) with repeated measures on both
factors was performed to detéct statistically significant differenices in VO, between trials
at Times 2 and 3. These results, outlined in Table 8, identify a significant interaction
(Feoy= 5.785;p< 6.05). Post-hoc dependent t-tests indicated that VO, was
significantly elevated at Time 2 during the HC trial when compared to -the LC trial. At .
Time 3, VO, during the_ HC trial was significantly greater than the baseline trial, but was
similar to the LC trial. The timé-based comparison saw that Time 2 VO, was
significantly lower than Time 3 during all trials (Figure 5). As with HR, VO, during

running was greater than when measured during cycling.




Table 6

HR (Time 4) ANOVA Summary Table -
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SS DF MS F p
Trial 161.23 2 80.61 6.154 0.008*
Error (Trial) 288.18 22 13.10
Note. * p < 0.05; n = 12.
Table 7
VO, (Time 1) ANOVA Summary Table
SS DF MS F p
Trial - 23.03 2 11.52 2.500 0.105
461

Error (Trial) 101.35 22

Noté. * p < 0.05; n = 12.




Table 8

VO, (Ti_me 2 and 3) 3 x 2 ANOVA Summary Table
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SS DF MS F p
Trial 52.90 2 26.45 - 3.106 0.065
Error (Trial) 187.34 22 8.52
Time 684.52 1 684.52 46.898 0.000*
Error (Time) 160.56 11 14.60
Trial*Time 34.69 2 17.34 5.785 0.010*
Error i
(Trial*Time) 65.95 . 22 . 3.00
Note. * p <0.05;n= 12.
60 -
g 55 A
g~
g E %01 ——BL
& 45 - —=—HC
82
S = 40 —a—LC ||
2=
o 354
30
1 3 4
Time'
"Figure 5.

Mean VO, values across four time poihts during each cyclé-run trial.
Significant differences (p < 0.05) betwéen Trials are denoted as follows: .

§ p <0.05 between baseline and HC trials.
* p <0.05 between HC and LC trials.
Significant differences (p<0.05) between Time 2 and Time 3 are denoted as

follows:

¥ p <0.05 during baseline trial.
I p<0.05 during HC trial.
Q p <0.05 during LC Trial.-
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Time 4. A one-way ANOVA was performed on VO, data at Time 4 to determine i
whether a significant between trial difference existed for VO, at this point. The results of
this analysis dre shown in Table 9, and indicate no significant difference for VO, between

trials at Time 4'(F2,22) = 3.176; p = 0.061).

Ventilation

Time 1. A one-way ANOVA was performed on VE data at Time 1 to determine
whether a significant between trial difference existed at this point. The results of'this
analysis are displayed in Table 10, and indicate there was no significant difference for
VE between frials at Time 1 (Fz2.22) = 3.440; p = 0.051). |

Time 2 and 3. A 3 x 2 ANOVA (trial x time) with repeated measures on both
factors was performed to deiect statistically si gn'iﬁcant differences in VE between trials at
Times 2 and 3. Table 11 outlines this analysis, which identified a significant interaction
(F.22y=7.503; p < 0.05). Post-hoc dependent t-tests indicated that VE was signiﬁcantly
greater during the baseline and HC trials when compared to the LC trial at-Time 2. At
Time 3,‘however, the LC and HC VE were siﬁilﬁ, although the HC VE was greater than
baseline. The time-based post-hoc comparisons revealed that Time 2 VE was
. significantly lower than Time 3 during all trials (Figure 6), indicating fhat VE drifted
upward durihg running at Time 3 compared with cycling at Time 2, as did HR and VO,.

Time 4. A one-way ANOVA was performed on VE data at Time 4 to determine ‘
whether subjects expérienced significant between trial differences iﬁ VE during the final
2 km of the three cycle-run trials. The results of this analysis are displayed in Table 12,
and indicate ther¢ was no significant differénce in VE at Tithe 4 (F222)=2.663;p =

0.092).




‘Table 9

VO, (Time 4) ANOVA Summary Table
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SS DF MS F p
Trial 2261 2 11.30 3.176 0.061
Error (Trial) 78.29 22 3.56
Note. * p < 0.05; n=12.
Table 10 '
VE (Time 1) ANOVA Summary Table
SS DF MS F p
Trial 108.44 2 54.22° 3.440 0.051
Erfor (Trial)  346.75 22 15.76

Note. * p <0.05; n =12.
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Table 11

VE (Time 2 and 3) 3 x 2 ANOVA Summary Table

SS DF MS \FV P
Trial 252.30 2 126.15 3.838 0.037*
Error (Trial) 723.03 22 32.87
Time 2488.88 1 2488.88 16397  0.002*
Error (Time) 1679.97 11 152.72
Trial*Time 189.72 2 94.86 7.503 0.003*
fT“r;’;*Time) 278.14 2 12.64

Note. * p <0.05; n=12.
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Figure 6

Mean VE values across four time points during each cycle-run trial. Significant
differences (p < 0.05) between Trials are dénoted as follows:

§ p <0.05 between baseline and HC trials.

+ p <0.05 between baseline and LC trials.

* p <0.05 between HC and LC trials.

Significant differences (p < 0.05) between Time 2 and Time 3 are denoted as

follows:

¥ p <0.05 during baseline trial.

1 p <0.05 during HC trial.
Q p <0.05 during LC trial.

Table 12

VE (Time 4) ANOVA Summary Table

SS DF

MS F p
Trial 11133 - 2 55.66 2.663 0.092
Error (Trial) 459.86 22 20.90

Note. * p <0.05; n=12.

[
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Respiratory Exchange Ratio

Time 1. A one-way ANOVA was performed on RER data at Time 1 to determine
whether a significant between trial difference existed at this point. The results of this
analysis are displayed in Table 13, and indicate there was no significant difference in
RER between trials at Time 1 (F(2,;2)= 0.391; p = 0.681).

Time 2 and 3. A 3 x 2 ANOVA (trial x time) with repeated measures on both
factors was performed to detect statistically significant differences in RER between trials
at these time points. These results, outlined in Table 14, identify a significant interactiion
(Fe22=6.99%4;p< 0.05).7 Post-hoc dependent t-tests indicated that, at Time 2, RER was
significantly greater during the HC 'trial than the baseline and LC trials., At Time 3,
however, there was no ‘significant difference in RER between trials. Time-based post-hoc
comparisons revealed that RER at Time 3 was significantly greater than Time 2 during
the baseline and LC trials (Figure 7). This rgsult is consistent With the findings of other
physiological variables (i.e., HR, VO, aﬁ_d VE).

Time 4. A one-way ANOVA was performed on RER data at Time 4 to determine .
whéther asi gniﬁcé.nt between trial difference existed at this point. These results are
shown in Table 1§, and indicate that a significant diff'erence existed between trials (F,2)
=5.849; p < 0.05). Post-hoc dependent t-tests indicated RER was significantly greater
during HC than baseline anZl LC at Time 4 (Figure 7). o

}

-Rating of Perceived Exertion

Time 1. A one-way ANOVA was performed on RPE data at Time 1 to determine

~

whether a significant between trial difference was experienced at this time. These results

are displayed in Table 16, and indicate that a significant difference existed between trials
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Table 13

RER (Time 1) ANOVA Surhmary Table
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| | SS DF MS F P
Trial 0.000 2 0.000 . 0.391 0.681
Error (Trial) 0.008 22 0.000

Note. * p <0.05; n=12.

Table 14

RER (Time 2 and 3) 3 x 2 ANOVA Summary Table

sS DF MS F g
Trial 0.001 2 0.001 3.151 0.063
Error (Trial) 0.005 2 0.000
Time 0.018 1 0.018 - 8.593 0.014*
Error_ (Time) 0.023 11 0.002
~ Trial*Time 0.002 - C2 0.001 6:994 0.004*

Error
(Trial*Time) 0.003 22 0.000.

Note. * p <0.05; n=12.
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Figure 7
Mean RER values across four time points dunng each cycle-run trial.
Slgmﬁcant differences (p < 0.05) between Trials are denoted as follows:
* p <0.05 between baseline and HC trials.

§ p<0.05between HC and LC trials.
Significant differences (p < 0.05) between Time 2 and Time 3 are denoted as
follows: V

¥ p <0.05 during baseline trial.

Q p <0.05 during LC trial.

Table 15.

RER (Time 4) ANOVA Summary Table

SS DF MS F p
Trial 0.002 2 0001 5.849 0.009*

Error (Trial) 0.004 22 0.000

Note. * p<0.05; n=12.
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Table 16

RPE (Time 1) ANOVA Summary Table
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'S8 DF MS F p
Trial 5.06 2 2.53 4529  0.023*
0.56

Error (Trial) 12.28 22

Note. * p <0.05;n=12.
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(F (5,22) =4.529; p <0.05). Follow-up dependent t-tests identif"ied that RPE during the

- baseline trial was significantly greater than during HC and LC trials (Figurev8). -
Time 2 and 3. A 3 x 2 ANOVA (trial x time) with repeated measures on both g

factors was perfdﬁned to detect statistically significant differences in RPE between trials

at these time points. Results are outlined in Table 17, and show a signiﬁcrant interactioﬁ

B

(F2,22)=4.013; p <0.05). Post-hoc dependent t-tests indicated that, at Time 2, RPE was

significantly greater during thé baseline and Hb trials than during the LC trial. At Time
3, however, RPE during the HC trial was signiﬁcant\ly greater than the baseline trial. In
this regéra, if can be seen that RPE results are consistent with several other physiological
variables (i.e., HR, VO,, VE and RER). Time-bgsed post-hoc comiparisons ‘reve'al.ed
'I:ime 2 RPE was significantly lower than Time 3 during the LC trial (Figure 8), which
mimics the physiological drift reported for most variables measured during running.

Time 4. A one-way ANOV A was performed on RPE data at Time 4 to detect a
significant difference in RPE at this'point. The results of this analysis are displayed in
Table 18, and indicate there was no significant difference in RPE between trials at Time 4°
(F222)=0.846; p ='0'443). In other words, subjects felt similarly during all conditions

despite some physiological differences between trials by Time 4 (e.g., HR and RER).

Lactate

Timel. A ’one—way ANOVA ‘was performed on lactate data at Time 1 to

determine whether subjects experienced significant between trial differences at this'point.
The results of this analysis are displayed in Table 19, and indicate there was no

significant difference in lactate between trials at Time 1 (Fz22)= 1.182; p = 0.326).

*
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Figlire' 8

Mean RPE values across four time points during each cycle-run trial.
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Significant differences (p < 0.05) between Trials are denoted as follows:

§ p <0.05 between baseline and HC trials.
t p <0.05 between baseline and LC trials.

* p <0.05 between HC and LC trials.
Significant differences (p<0.05) between Time 2 and Time 3 are denoted as

follows:

Q p <0.05 during’LC trial.

. Table 17

RPE (Time 2 and 3) 3 x 2 ANOVA Summary Table

SS DF . MS F p
Trial 186 2 3.93 5712 0.010*
Error (Trial) 15.14 22 0.69
Time - 8.68 1 8.68 9.405 0.011*
Error (Time) ~ 10.15 11 0.92
Trial*Time ~ 6.86 2 3.43 4013 0.033*
?]f;‘i’;l*ﬁme) 18.81 22 086

Note. * p <0.05; n=12.

b




_ Table 18

RPE (Tithe 4) ANOVA Summeary Table
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SS ' DF

MS F P

Trial =~ 0.67 2 0.33 0.846 0.443
Errot (Trialy = 8.67 22 0.39

Note. * p <0.05; n=12.

Table 19

Lactate (Time 1) ANOVA Summary Table

_ SS DF MS F p

Trial ° 11.01 2 5.51 1.182 0.326
Error (Trial)  102.52 22 4.66

Note. * p<0.05;n=12.
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- Time 2 and 3. A 3 x 2 ANOVA (trial x time) with repeated measures on both
‘factors was performed to detect statisticallir significant differences in lactate between
‘trials at times 2 and 3. These results are outlined in Table 20, and show no significant
interaction (Fea)= -1 .343; p = 0.282). However, a significant main effect’ différencé was

found for both trial (F(;22) = 4.299; p < 0.05) and time (F(2,22) = 8.995; p <0.05). Post-
hoc dependent t-tests on the trial-based main effect indicated) significantly loyver lactate
values durinAg the LC trial than measured during the baseline trial (Figure 9). The tir_pe—
based main effect indicated a significantly.greater lactate during the run (i.e., Time 3)
than during ¢ycling (i.€., Time 2) (Figure 9). ‘

Time 4. A one-way ANOVA was performed on lactate data at Time 4 to
determine: whether a significant difference in lactate existed at this point. The results of

this analysis are displayed in Table 21, which indicate no significant difference in lactate

values between trials at Time 4 (F.22) = 0.872; p = 0.432).
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Table 20

Lactate (Time 2 and 3) 3 x 2 ANOVA Summary Table
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Mean lactate values across four time points during each cycle-run trial.

SS DF ‘MS F p
Trial 55.09 2 27.54 4.299 0.027*
Error (Trial) 140.95 22 6.41
Time 57.96 1 57.96 8.995 0.012%*
Error (Time) 70.88 o n 6.44
Trial*Time 14.68 2 7.34 1.343 0.282
Error ‘ ‘
(Trial*Time) 120.19 22 5.46
_ Note. * p<0.05; n=12.
13 +
12
11 4
~ 10 -
E 91 —e—BL
8 3 : —a—HC
‘g G —a—LC
(]
| 5 |
4 -
3 i
2 .
1 2
Time
Figure 9

# Significant main effect (p < 0.05) between baseline and LC Trials.

+ Significant main effect (p < 0.05) between Time 2 and Time 3.




Table 21

Lactate (Time 4) ANOVA Summary Table
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SS

MS . F

DF P
Trial 7.59 2 3.79 0.872 0.432 .
22 435

Error (Trial) 95.67

Note. * p <0.05; n=12.
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Summary

The results of these analyses, outlined in Table 22, indicate many differences in
physiological variables between trials across time. A close look at these data reveals
several trends that can be identiﬁed from this study.. With the exception of two instances
(HR and RPE at Ti.me 1), the direction of significant differences for all variables at all
time points was corsistently HC > baseline > LC. This indicated that utilization of the
HC strategy was generally more phy_siolo gicain demanding than the baseline trial, which
itself was more physiologically aemanding than the LC strategy. Additionally, time-
based comparisons_saw all physiological variables significantly increase during the
transition phase (i.e., from Time 2 to Time 3) during the LC trial, while the HC and
baseline trials saw significant increases at these times in only three physiological
variables. This may indicate that the LC strategy is a less physio.lnogicallly demanding,
and thergfore more energetically efficient cycling strategy, but also that the HC and
baseline strategies require the athlete to make a srrfaﬁer physiological ‘jump’ to begin'
running. Lastly, all physiological variables exhibited significant differences between
Time 2 and Time 3,ﬁhile Time 1 and Time 4 each saw differences in only two
physiological variables. This may provide a physiological basis for the common
complaint that t‘ransitioning from cycling to running is a particularly challenging aspect

{
of triathlon.




Table 22

“Summary of Significant Findings.

61

T3

T1 T2 T4
Trial ' * * *
Heart Rate Al f 1
T2 -T3 I1Q N
Oxygen Trial * 8
Consumption T2 -T3 ¥1Q
Trial *
Ventilation f 3
T2 - T3 ¥1Q
Trial * *
RER ; "‘"§
T2 - T3 ¥Q
" Trial *
RPE $t i §
. T2 - T3 Q
Trial
Lactate
T2 - T3 +

Note: Differences across Trials are denoted as follows:
§ HC > baseline (p < 0.05);
§ baseline > HC (p <0.05)
1 baseline > LC (p <0.05);
* HC>LC (p <0.05).

Differences across Time 2 and Time 3 are denoted as follows:
¥ T3> T2 (p < 0.05) during baseline trial;

1 T3> T2 (p <0.05) during HC trial;
Q T3 > T2 (p < 0.05) during LC trial.
"~ # Lactate main effect difference where baseline > LC (p < 0.05);

+ Lactate main effect difference where T3 > T2 (p < 0.05).




Chapter 5
DISCUSSION
The primary focus of this study was to investigate the effect of increasing or

decreasing cycling cadence during the final third of a 40 km cycling bout‘ on
physiological effort during the cycle-run transition of simulated duathlon trfals, as
reflected By differences in physiological responses recorded during trials. The secondary
. purpose was to determine if this cadence alteration influenced subsequent 10 km run
time. The principle finding was that utilizing a higher than prefeﬁed cédence) (HC)
during the last third of the cycle bout minimized the increase in physiological response
during the cycle-run transition period. However, when compared to cycling ata

preferred (PC) or lower than preferred cadence (LC) during the final third of a 40 km
cyéling bout, HC elevated both the cycling energy requirement and perceived work effort -
(RPE, which may be interpreted as both a physiological and psychological variable). In
other wqrds, the LC intervention improved economy during the last third of the cycle
bout, but resulted in a greater increase in physiological effort during the cycle-run
transition relétive to the HC. Neither cadence strategy, however, significantly influenced

10 km run time.

Run Performance

Deviating from PC during the final stages of the triathlon cycle bout can
potentially exert both positive and negétive effects on subsequent run performance.
Gottschall and Palmer (2002) found that a higher than preferred cadence strategy

improved run performance, whereas Bernard et al. (2003), Vercruyssen et al. (2002), and

62
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Vercruyssen et al. (2005) saw run perfomaﬁce improve only after a lower cycling
cadence strategy. However, these studies differed in how they operationally defined run
performance. The first method, utilized by GotfsChali and Palmer (2002) and Bernard et
al. (2003), measured the time to run a given distance. The second, used by Vercruyssen
et al. (2002), measured the distanc¢ run in a given time frame, and the third, used by
Vercruyssen-et al. (2005), measured fun time to fatigue. The latter protocol is open-
ended, whereas the others are close-ended. Close-ended tests have been shown to better
sifnulate racing performance by realistically approximating the stress of competition
(Jeukendrup, Saris, Brouﬁs, and Kester, 1996). As such, this study utilized a closé-ended,
Olympic distance run protocol, and is fairly compared to studies using a similar closed-
ended protocol. The present data showed that baséline (i.e., PC) run time was slower
than HC and LC run times, which were similar. As such, these data do not corroborate
the findings of either Gottschall and Palmer (2002) or' Bemard et al. (2003). The
inconsistency in data eimong the studies may be attributed to a number of factors related

to protocol design.

Influential Factors

Subjects’ lack of familiarity with the present study protocol as well as performing
in laboratory conditions may have influenced study results. Although all subj ects had
prior notification of the study protocol both \}erbally and in writing, many said they did -
not kﬁow what to expect during the baseline trial. As such, several subjects later claimed
they ran slower thén race-pace during baseline due to anxiety. Although no data were
collected to quantify .anxiety, this mindset may have caused the average Baseline trial run

time to be more than two minutes slower than the other two 10 km trial runs. Several
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studies recommend familiarity trials to enéuré subjects feel comfortable using laborétory
equipment. Lauren, Shing, and Jenkins (2003) found well-trained cyclists could perform
a consistent 40 km time trial on a stationary wind-trainer if they first performed a
familiarization trial. Sirnilarly, Lavcanska, Taylor, and Schache (2005) found 6 min of
treadmill running was adequate for subjects to produce a consistent running pattern ttheir
operational definition of treadmill familiarity). However, these findings are based simply
on equipment familiarity, whereas the subjects in this study were also anxious about
performing in a laboratory environment. As such, they may have benefited from an
entire cycl.t-e-run familiarity trial. Howevef, the protocol already required subjects to
commit to 10 hours of laboratory testing, and further commitment may have negatively
influenced participation.

Treadmill pacing may have provided another influence on run performance in a
way not possible in an actual race. Many subjects described themselves as highly
competitive. Some mentioned that as they became familiar with the trial protocol, they
chose to keep with the set‘treadmill pace (as opposed to manually decreasing tfeadmili
speed) when it was likely they would have slowed down during a race.

| It is also possible that subjects ré;lized a noticeable training effect as a result of
participation in this study, which may further explain slower baseline trial run tifne.
Subjects were requested to maintain their current level of training throﬁghout data
collection, which ranged from two to four weeks. However, mahy did not routinely
perform an. Olympic distance cycle;run bout as part of their regimeﬁ. As such, the run
time posted during the third cycle-run trial was signiﬁcantly faster (p < 0.05) than the

second. Timing of data collection could also have been a contributing factor, as it was
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carried out from the beginning of October to mid-Decémber, which is the post-season for
those who participate in summer triathlon events.

In summary, the present study showed poorer run time on the first trial compared
to either the HC or LC, although there was no difference between the HC and LC run
times. A number of reasons related to familiarity or training may explain that finding,
but unlike previous studies (Bernard et al., 2003; Vercruyssen et al., 2002) the present
study did not find differences betwéen HC and LC. A-Although altering cycling cadence
did not-inﬂuence overall 10 km run time, it appéared that cycling at HC was r.nore
physiologically and psychologically demanding than PC, and PC was more

physiologically and psychologically demanding than LC.

Cycle Performance

~ Lack of protocqi familiarity may have been an influential factor in baseline run
performance, but as cycling work was kept ;:onstaht for all three trials, the influence of -
bcycle pfotocol familiarity is neither known nor of consequence. Each cycle bout x;vas
controlled to ensure a similar average PO for all three trials; hence, time to perform each
. cycle bout did not differ. As such, subjects had performed a similar amount of work by
the beginning of each run bout. Consistency in overall cycling PO was also ensured by
Vercruyssen €t al. (2005) and Bernard et al. (2003), although Gottschall and Palmer
(2002) did not clearly specify controlling PO.

The physical response presently seen in the various cadence conditions was

compapable to that repoﬁed during cycling by Bernard et al. (2003), Vefcruyssén et al.
(2002) and Vercruyssen et al. (2005). This is logical because all these studies varied

cycling cadence in a similar fashion. Bern.ard et al. (2003) and Vercruyssen et al. (2005)

\
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found that higher cadence trials were more physiologically stressful than lower cadence
trials. Bernard et al. (2003) found high cadence elevated VE, HR and blood lactate,
whereas Vercruyssen et al. (2005) reported significantly greater VO,, VE, HR and blood
lactate duﬁng the final two minutes of cycling. Similarly, Vercruyssen et al. (2002)
found VO, during both high and preferred cadence bouts to be greater than a low cadence
bout. The results of these three studies are consisteﬁt with the present study. During the
final 2 km of cycling, five of the six physioiogical variables (all but lactate) assessed
during the HC cycle bout were significantly greater than measured during LC. PC trnal
HR, VE»and RPE were also higher than during thé LC bout, and RER was higher during
the HC bout than the baseline bout. No other knowﬂ studies have evaluated RPE, which
is an individual’s sﬁbj ective evaluation of work effort. As such, this study p_rovides the
novel finding that PC and HC strategies may be perceived as more difficult to perform
than LC. Therefore, regardless of objective evaluation of the physical response to either
cadence intervention, a LC strategy may be preferable unless a HC or PC strategy results
in an improved triathlon run time. Cycling efficiency was also evaluated at Time 2, and
was calculated in ieﬁns of PO/ VO,. It was revealed that efficiency af the end of the LC
cycle bout was significantly greater (p < 0.05) than at the end of the. HC cycle bout.
Therefore, to maintain a given cycling PO (and therefore cycling speed), utilizing a
higher than preferred cadence was more physiolo gically demanding, and therefore less
energetically efficient, thah utilizing a less than preferred cadence. This finding agrees
with reéults repovrted by Bernard et al. (2003), Vercruyssen et al. (2002) and Vercfuysse‘n
et al. (2005). Based on these findings, it may be further hypothesized thdt a lower than

)
preferred cadence strategy may allow the athlete to maintain a greater PO (i.e., PO is not
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held constant), and thereby achieve a faster 40 km cycle time. However, the consequence
of implementing such a strategy on subsequent run performance is unknown. It is
speculated that the local muscle fatigue that can accompany such a low cadence strategy

. i
may negatively influence the triathlete during the run.

Cycle-Run Transition

The present physiological data related to running after cycling at varying
cadences agree with the findings of Vercruyssen et al. (2002), but not with t‘hose by
Vercruyssen et ail. (2005) and Bernard et al. (2003)! In the current study, HR, VO,, VE
and RPE measured during the first 8 min of running (approximately 2 km) subsequent to
the HC ‘cyéle bout were significantly gréater than at the same time during the other two
trials. Similvarly, Vercruyssen et al. (2002) reported that cycling at either a preferred or
higher than preferred cadence resulted in a significantly greater VO, during the final 7
min of a 12 min run bout than seen during the same period following a lower than
preferred cadence cycling bout. Conversely, Vercruysseﬁ et al. (2005) found no
differeﬁce between high, preferred or low cadence trials in overall VO,, VE, HR or
lactate during a run to fatighe. However, Vercruyssen et al. (2005) stated that running
VO, at the beginning (between minutes 3 and 10) of each run bout was significantly
greater than overall running VO, during each run bout. In other words, VO, decreased
after 10 min of running. This was surprising, as it implies that trials allowed subjects to
reach steady state oxygen uptake, which would not be ef(pected during a’high intensity
(85% maximum velocity) run to fatigue.

According to the present results, lower cycle cadence never yielded more

physiologically or psychologically demanding responses than preferred or higher cycle
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cadence. In fact, the LC trial was never more demanding than either the PC or HC trials
at any measured time point. This is in direct contrast to Bernard et al. (2003), who found
greater running VO, after the lerr than preferred cadence cycle bout (20 min at 60 rpm)
than the two other trials after subjects had run 1 km. The basis of this difference'may lie
in ¢ycling intensity. Average (mean + SD) cycling PO maintained duﬁng the Bernard et
al. (2003) study ranged from 275.4 + 19.1 W for the 60 rpm. trial, to 277.2 £ 17.2 W for
the 100 rpm trial, whereas the subjects in this study avéraged 172.75 £ 27.48 W across all
trials. A]though fhe cycle time in Bernard et al. (2003) was less than a third of that
required presently, their subjects worked at a much greater intensity. As such, they
would have used a higher force during the 60 rpm trial, which may have résulted n
greater local muscle fatigue. This fatigue would have required the recruitment of
additional muscle fibers to perform the same running work, thus elevating running VO,.
However, the LC trial in this study was less physiologically demanding, and
therefore more energetically efficient, than the HC tri‘al. Thus, it may be fair to state that
a LC strategy may provide a physiological advantage, as it is desirablé to conserve
energy while cycling before the demanding run stage. Given this, it is logical to
speculate that 10 km run time would be faster following cycling bouts utilizing slower
cadences, however, this did not occur in the present study. A number of factors may
have iﬁﬂuenced this result. Lack of protocol familiarity may have caused the average
cyclling PO during the first trial to be lower than normal race;pace. Average VO,
me_asufed at Time 2 was 60% of average VOémax. This percentage is considerably lower
than a similar comparison made by Zhou, Robson, King, and Davie (1997), who found

average HR while cycling in a competitive triathlon was 92% of cycling HRmay. It is-
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acknowledged that the competitive triathlon was shorter (30 km cycle, 8 km run) than
present protocol, which would potentially facilitate an elevated average cycling PO.
Regardless, the difference in cycling intensity between the present study and Zhou et al.
is substantial. Later cycle bouts would also have been performed at this lower intensity,
which may have attenuated the physiological effect of the cycling interventions during
both cycling and' the subsequent run bout. The study protocol also may have allowed
subjects to be paced by the treadmill, rather than requiring subjects to alter treadmill pace

in response to the physiological effort required by the preceding cycle bout.

Practical Application

It is proposed that the triathlon cycle-run transition may be analyzed using two
differeﬁt approaches. Further, the determination of the most suitable approach should
depend, in part, on‘the goal of implementing a cadence manipulating strategy. The first
approach is from an energy 'conservation standpoint. Because an LC strafegy was more
energy efficient thani HC, it may favor lesser-trained competitors who may be more likely
to fafigue toward the end of the event. However, the LC strategy did result in a larger
jump in energy demand once running commenced. In fact, once subjects had run for 8
- min after the LC cycle bout, only one variable (HR) remairied lower when compared to
the same period during the HC trial. In othér words, after running for 8 min following
the LC cycle bout, bhysiological demand had caughf up to that required after the HC.
cycle bout. This leads to the second approach, which, in keeping with the purpose of this
study is from a ‘transition minimization’ standpoint. While it is acknowiedged that the

HC cycle bout was not as economical as the LC bout, it could be hypothesized that it

!
4

‘more closely mimicked the energy requirements of running. This was graphically
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demonstrated in Figures 4 — 9, where it can be seen that the slope of the line connecting
Time 2 to Time 3 (for all physiological variables) during the HC trial is always smaller
than during LC trial. As such, a smaller difference in the physiological effort reciuired to .
cycle and run during the HC trial could justifiably be interpreted as smaller, possibly less
intense, cycle-run transition. However, it is also possible that rather than choosing to
conserve energy while utilizing a LC strategy, triathletes may opt to increase PQand

cycle faster, resulting in elevated physiological and psychological-effOrt. As such, the
physiological jump in energy required to i)egin running may be attenuated, although the'
increased muscle fiber recruitment necessary to generate this PO may result in quicker
muscle fatigue during running. However, energy efficiency is not the only aspect 1
involved in minimizing the cycle-run-transition. Although not measured in this study,
several studies have quantified changes in stride length and frequency following varied-
cadence cycle bouts. Gottschall and Palmer (2002) attributed an imprc\'/ement in 3200 m
run i)erformance after higher cadence cycling to increased stride frequency. Conversely,

Bernard et al. (2003) did not see an overall increase stride frequency subsequent to

cycling at 60, 80 or 100 rpm, but did report that stride frequency was significantly higher

"during the first 500 m following the 80 and 100 rpm bouts. This was.attributed to the

existence of a direct relationship between cycling cadence and initial stride frequency.
Although these additional findings may confuse the matter, to assume that energy
efﬁciency is the only inﬂuence on the cycle-run transition would, at best, be an
oversimplification. As such, further research on these topics is required.

Lay triathlon publications advocate maintaining cyclirig cadence between 85 — 95

rpm (Cycling Cadence, n.d.; Scott, 2006; Mierke, 2005), as this mimics average running
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cadence of approximately 90 rpm (Mierke, 2005). The proportion of fast and slow twitch
muscle fibers possessed by an athlete may inﬂu_gnce whether they prefer to cycle at a low |
(e.g., 60 fpm) or a high (e.g., 95 rpm) cadence, respectively. However, by definition,
most novice athletes do not possess the agrobic capac;ity to maintain high cadences while
generating race-pace PO. | Conversely, experienced athletes generally have a more
developed cardiovascular system which can deliver oxygen and remove metabolic waste
products more effectively. As such, it is speculated that an optimal triathlon cadence
strategy may vary according to training statu.s and maybe only highly trained triathletes

would benefit from using a high cadence strategy. Future studies should be designed to

examine the interaction between training status and cadence strategies in triathlon.

Sﬁmmw

The results of this study indicated that manipulating cycling cadence may not be
an effective means of improving triathlon 10 km run time. However, adopting a higher
or lower than preferred cycling cadencé during the final third of a 40 km cycle bout was
shown here to influence physiological and psychological variables during the cycle-run
transition and some for the duration of the trial. HO\i'\;ever, the most profound influence
was seen during the cycle-run transition, where all variables were affected across trials,
across time, or both. Wﬁether the influence of each cadence strategy is ultimately a
positive or negative influence is debatable. This paper presents two methods of assessing
the influence of cadence on the cycle-run transition, and the strategy that.best 'suits each
athlete may depend on factors such as genetics, training stat1"1s, current preferred cadence,

and the goal of implementing such a cadence intervention.




Chapter 6
SUMMARY, CONCLUSIONS & RECOMMENDATIONS
| Summary

This study investigated the effect of HC and LC cycling during the' final third of a
40 km cycle bout on the physiological effort of cycling, the physiological response during
the cycle-run transition, and subsequent 10 km run performance. Several previous
siudies have investigated the effect of HC and LC strategies on cycle and run
performance, but did not utilize protocols that reflected realistic triathlon distances.
Twelve trained triathletes, 11 males and 1 female, were recruited from the Ithaca
Triathlon Club. Subjects completed a VOymax funning test to assess aerobic capacity,
followed by three 40 km cycle / 10 km run trials, with at least four days separating each
trial. The first cycle-run trial was a baseline performance to quantify preferred cycling
cadence (PC) and average cycling power output (PO), as well as subsequent 10 km run
time. The second and third cycle-run trials, performed in a counter-balanced o'rder, either -
increased (HC) or decreased (LC) cycling cadence by 20% from PC during the final third
of the cycle bout. . PO was kept constantyduring HC and LC trials. The effect of cadence
interventions was measured by 10 km run time and the response of six physiological
variableé (HR, VO,, VE, RER, RPE and lactate), which were collected four times (twice
while cycling and twice while running) during each of the three trials. Data collected at
Time 1 (27 - 28 km cycling) were to assess whether energy expenditure until then was
consistent across trials. One-way repeated measures ANOVA analysis of Time 1 data
,fox-md, that two physiological variable§ (HR and RPE) were significantly greater during

the baseline trial than during the HC and LC trials. The period between Time 2 (38 — 40

72
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km cycling) and Time 3 (1 — 8 min running) was deﬁnéd as the cycle-run transition. A 3
X 2 (trial 'x time) ANOV A with repeated measures on both factors was used to analyze all
depen&ent variables to evaluate the effect of the cycling intervention during the cycle-run
transition. Five of the six phjsiolo gical variables (all but lactate) measured during HC

. were significantly greater than LC during Tifne 2, but only HR during HC remained
significantly greater than LC by the end of Time 3. During LC, five physiological
Vaﬁébles measured during the final 2 km of cycling were significantly lower than' when
measured after the first 8 min of running. During baseline and HC, three physiological
variables (VOz, VE, and RER; and HR, VO, and VE, respectively) were significantly
lower during the' final 2 km of cycling than after the first 8 min of running, however, thé
difference between these two time points for each variable was always greater during LC

than either baseline or HC.

Conclusions

Data from this study support tﬁe following conclusions:

1. Cycling at a LC during the final ti‘lil’d of a 40 km cycle'bout ‘Wwhile maintaining PO
requires less physiological and psychological effort, and is more energy efficient,
than cycling at PC or HC.

2. Cycling at a HC during the final third of a 40 km cycle bout while maintaining PO
results in smaller physiological differences between the cycling and running legs
of a triathlon. This may be interpreted as lessening the physiological effort of the
cycle-run transition.

3. Cycling at a HC or LC during the final third of a 40 km cycling bout while

maintaining PO does not differentially influence 10 km run performance time.
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4. Cycling at HC and LC both resulted in improved run time when compared to the

baseline trial. However, this finding was believed to be an artifact related to
subject lack of familiarity with the testing protocol during the first (i.e., baseline)‘

trial.

Recommendations

Study.in the following areas may further explain the influence of cadence

manipulation on both subsequent run performance and the cycle-run transition:

1.

The effect of varying cycle cadence on the cycle-run transition and running
performance: over an Olympic triathlon distance should measure elite and
recreational triathletes separately, as the physiology of these groups differs, and
different cadence manipulation strategies may be better suited to each group.

The effect of various familia’n'zafion techniques, with the intention of identifying
sfrategies facilit'aﬁng protocol and laboratory familiarity, while considering
economy of time.

The effect of manipulating cadence for a lesser period of time (e.g., during the last

8" of a 40 km cycle bout), as this may still provide the athlete with a

| physiological advantage, and is a closer reflection of current competition strategy.

The cycle protocol utilized in this studyA (i.e., varying cadence during the final
third of the cycle bout) was chosen due to its similarity to protocols utilized in.
previous comparable studie§. However, altering cadence for this length of time
may nbt be riecessary for providing a transition-reducing or energy-saving benefit.

The effect of utilizing a LC strategy for more than one third of the cycle bout on

both the cycle-run transition and subsequent 10 km run performance, as this
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strategy has consistently been shown to be more energetically efficient than the
HC strategy.

The effect of cadence strategy to preferred cadence, to potentially identify upper
and lowet boundaries of effective cycling cadence. It is likely that there are upper
ahd lower boundaries for cycling éadence efficiency, however, these boundaries
have not been identified by quantitative research. An athlete who already -
maintains a high cycling cadence may not benefit from a faster strategy, in a
similar way that one who naturally maintains a low cadence may not benefit from
a slower strategy.

The effect of allowing cycling PO to be ﬁeeiy-selécted, while varying cycle
cadence as”per the present manipulation strategy, on the time to cycle and run
fixed distances. ;

The effect of alloyving cycling PO to be freely-selected, while varying cycle

cadence as per the present manipulation strategy, on the time taken and distance

run during the cycle-run transition.
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APPENDIX A

Informed Consent Form

The Effect of Cycling Cadence on the Cycle-Run Transition in Triathletes

1. Purpose of the Study: The cycle-run transition (‘transition phase’) in triathlon is a source of much
awkwardness and inefficiency for competitors. In an effort to minimize this stage, the effect of altering
cycling"cadence toward the end of the cycle leg has recently been investigated. Altering cadence is said to
influence the activation of the working musculature (primarily the quadriceps),-thus affecting running
performance. However, the best way to manipulate cadence is unknown. Some studies have found that
decreasing cadence resulted in the best subsequent run performance, whereas others saw better results from
an increased cadence. The purpose of this study is to identify the better approach.

2. Benefits: You will benefit from participating in the study because you will become familiar with current
research into triathlon racfng strategy, as well as be informed of your maximal effort test results. You will
also find which racing strategy (either increasing or decreasing cadence during the final 13km of cycle leg)
is more effective in improving overall race time.

3. Your Participation requires you to be between 18 and 45 years old, and have performed a 40km cycle
and 10km run durfng the previous three months. You will report to the lab on four non-consecutive days.
On Day One you will perform a running VO, max test, and you will be given written instructions én how to
come prepared for this test. For the warm-up, you will run on a treadmill for 5 minutes. During the warm-
up and the test, a fan will cool you. After the warm-up, you Will be fitted with headgear, which willhold a .
mouthpiece that is attached to a hose from which expired ventilatory gases (VO,) will be measured. You
will also wear a nose clip. These are maximum effort tests that have you exercising less than 20 minutes.
The initial running warm-up pace will be gender relative, and the test will see the treadmill speed or grade
periodically increase until you request that the test ends. When each test is complete, you will cool-down
for 5 minutes. After this, one of your fingertips will be sterilized and pricked to obtain a blood sample for
lactate analysis.

The baseline tést will require you to complete a 40km bike ride immediately followed by a 10km
treadmill run. This is to determine, as realistically as possible, your preferred cycling cadence (PC) under
race conditions, as well as the cycle and run split times, and overall performance time. HR will be
continually recorded. Your rating of perceived exertion (ie indicating on a scale how hard you think you
are working: RPE), blood lactate and VO, will be measured at several points throughout the trial. During
the running bout, HR will be continually recorded, and RPE and VO, will be periodically recorded.
Another blood sample will be obtained for lactate analysis as described above. Time to complete the entire
cycle-run bout will be recorded, and the cycle and run split times will be noted.

The experiment will also require you to pefform two trials in random order. Both trials will
require you to complete a 40km bike ride immediately followed by a 10km treadmill run. Only the cycle
portion of the trials differ, such that trial 1 requires you to increase your PC by 20% (PC+20%) during the
last 13km of the cycle leg, and trial 2 requires a decrease in PC to PC-20% during the last 13km. The order
in which you will perform these trials will be randomized. The baseline and trial tests are each estimated to
last 2 — 2 % hours. The VO,max tésts will last approximately 45 minutes. Total participation time for the
project is 6-7 hours. _ Initials:

. 82




83

4. Risks of Participation: The risks involved in this project are probably no greater than the risks you
freely assume when you train or race, especially during maximal efforts. These risks include skeletal
muscle injury and possibly a cardiac event, which could be fatal. The chances of a cardiac event are low in
your fitness group. The fingertip that is lanced may be tender for a few days. To minimize the risks, you
will warm-up and cool-down before and after each test and training session. If you feel poorly during the
test or training session, you may terminate it at any time. In the event that there is an injury or cardiac
event, standard first aid procedures will be promptly administered. I will call 91 1to seek additional
assistance if warranted. ' '

5. Compensation for Injury: If you suffer an injury that requires any treatment or hospitalization as a
direct result of this study, the cost of such care is your responsibility. If you have insurance, you may bill
your insurance company. Ithaca College and the investigator will not pay for any care, lost wages, or
provide other compensation.

6. If you would like more information about this study at anytime prior to, during, or following the data
collection, you may contact Sharon Fitzgerald at sfitzgel@ithaca.edu or 607-35 1-5759, or Dr Tom
Swensen at tswensen@ithaca.edu or 607-274-3114.

7. Withdrawal from the study: Participation in this study is voluntary and you may withdraw at any time

if you so choose. You will not be penalized for withdrawing.
£

8. Conﬁdeiitiality: Information gathered during this study will be maintained in complete confidence.
Only Dr Swensen and I will have access to this information, which will be stored in a locked cabinet in
room 320 in the Center for Health Sciences at Ithaca College or on password protected computer. You and

your name will never be associated with this information in any future disclosures.

I have read and understood the above document. I agree to participate in this study and realize that I can
~ withdraw at anytime. I also understand that I can and should address questions related to 'thi's study at any
- time to Sharon Fitzgerald. I also verify that I am at least 18 years of age.

Your Name (please print) *

Your Signature Date




APPENDIX B

Medical History and Health Habit and 24 hour Recall Questionnaire

Name: Age:
Weight: Height: Sex:

1. Medical/Health History: Check if you ever had?

Heart disease/ Stroke -

Heart Murmur

Skipped, rapid beats, or irregular
heart rhythms :

High blood Pressure

Lung Disease

Epilepsy

Injuries to back, hips, knees, ankles,
or feet

Other conditions/comments:

Present Symptoms: Check within the box if you have you had these symptoms within the last 6
months?.

Chest Pain

Shortness of Breath
Lightheadedness

Heart Palpitations

Loss of Consciousness

Illness, surgery, or hospitalization
Ankle/Leg swelling

Joint/muscle injury requiring medical
treatment

Allergies (if yes please list under
comments) ]

Other conditions/comments:
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2. Egerc‘ise habits:
What kind of gxercise do you do? . (circle one)
Aerobic . ' Strength Training Both_
How hard do you exercise? (circle one)
Easy | Moderate (can cal_'ry on a conversation) Hard (can’t carry on a conversation)

How many times a day do your work out?

How many days a week do you work out?-

~ 3. Have you consumed alcohol in the last 12 hours?. (circle one)
Yes No
4. Have you used caffeine (e.g., coffee) or n'icotine (e.g.,_cigarettes) in the last 30 min? (circle one)
‘ Yes No

5. Did you eat any food in the last 30 min? (circle one)

Yes . No

6. Did you exercise before coming in to be tested? (circle one) J

Yes No




APPENDIX C

Maximal Oxygen Consumption Test: Pre-test Instructions

Test date: Test Time:_*

You are scheduled to complete a maximum effort exercise test; your performance
depends upon adherence to these instructions:

1.

2.

Do not petform heavy exercise in the 24 hours preceding your test.
Do not drink alcohol for 12 hours preceding your test.

Do not use cdffeine (e.g. coffee) or nicotine (e.g. cigarettes) for 3 hours preceding
your test. -

Do not eat for 3 hours preceding the test.

Do not eat any food that may cause you discomfort the day of the test.

Avoid over-the-counter medications for the 12 hours preceding the test. (However,
cancel appointment if you are ill and treat yourself accordingly; we can always
reschedule).

Bring your running and cycling gear.

Bring a charige of clothes and food and sport drink for after the test.

Thank you for your cooperation.
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APPENDIX D

Triathlon Study Information

Where Do I Go?

All testing will take place at Ithaca College — 953 Danby Rd, Ithaca NY. The testing lab
is in the Center for Health Sciences (CHS) Exercise Physiology lab (Rm 303a — level 3).

CHS is building 24 on the below link.
http://www.ithaca.edu/map/index.php

Parkin

If your trial is between 8am and 5pm Monday — Friday, please read on — parking is
restricted only during these times. You’re free to park in Lot F at any other time.

If you’re scheduled between 8am-5pm M-F and you’ve passed on your license plate
number to me, you may park in the CHS parking lot, which is Parking Lot F on the below

-link. Otherwise, please park in the Visitors lot, which is also on the below link. Please
keep in mind that it’s about a 10 minute walk from the Visitors lot to CHS.
http://www.ithaca.edu/map/parking:php

Pre-Test Instructions

VOimax Test

A VOpmax test is a high intensity treadmill test, which is designed to fatigue you

* within 8-12 minutes. It measures how much oxygen your body uses when you’re
working maximally, which for my purposes indicates your level of aerobic
fitness.
This makes it a hard test to do properly, as while it’s a short workout, it is not
easy as it is physically and mentally challenging. For these reasons, please make
sure you are well rested prior to your test — ie, avoid doing a high intensity /
long duration training workout the day before - and limit your consumption of
food/nicotine/alcohol etc as per the ‘Pre Test Instructions’ document. If these
guidelines aren’t followed, your test results may be inaccurate. .

"

What Do I Bring/Wear?
You need to wear your usual running attire — shorts / t-shirt / broken in sneakers.
There are also shower facilities available, so bring a change of clothes need to

. head straight out after your test.
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Cycle/Run Tests
These are also difficult workouts as you will be asked to replicate your
competitive race pace during both cycling and running. Due to this, again, please
ensure you are well rested and avoid performing a hard training session the day
before.

What Do 1 Brmg/ Wear?

e Yourbike. Please don’t forget it!

¢ Your usual cycling attire, mcludmg shoes. You don’t have to worry about
a helmet!

e Your usual running attire, as per the VO, test

e You may bring music / an iPod / whatever gets you through a long training

. workout.

e If you wish to shower afterwards, bring your change of clothes, etc.

Can I take supplements (eg carb gel, Power Bars, etc) during the trial?

I have spoken to some of you about this, and it seems to be a mixed group — some
do use these kinds of supplements during a long workout, and quite a few don’t.
So here’s the ruling:

.o If you don’t use supplements, that’s fine. Don’t bring any.

e If you do wish to use supplements, please bring enough to get you
through all 3 cycle-run workouts to your first cycle-run bout. I will
label and store them at IC, and you will have access to them for your
subsequent cycle-run trials. ‘

o If you don’t bring them to your first trial, you can’t use them for
any subsequent trials.

o Iwill be recording what you do use during your baseline trial, and
when you use it. This routine needs to be replicated through all
trials.

The main gist of this is that I need you guys to be consistent for all cycle-run
trials. Use them if you want, but using the same products at the same times
thoughout. '

If there any questions about this, please don’t hesitate to ask.

Training During Your Trial Period

Where possible, please maintain your regular triathlon training schedule — in both
intensity and frequency. This helps ensure that any test results are due to the trials
themselves, rather than because your training schedule changed.
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Additionally, please record your workouts — either in the attached ‘Training Log’, or your-
own document/system. An entry similar to ‘10km run (hard) — 42mins’ is sufficient.

Thanks, and I’ll see you soon!
Sharon ‘




APPENDIX E

Raw Data
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- / + indicates trial order was Low Cadence then High Cadence

PO,y

PC

= average Power Output during baseline trail

= Preferred Cadence during baseline trial-

91
. Table El
Descriptive raw data ‘
Sui)j Gender Age Weight Height Trial VO2max PO,, PC
ID ¥  (keg) (m) Order (mlkg''min') (W) (rpm)
1 M 42 80 175 -/+ 48.1 130 85
2 M 30 72 175 + /- 71.0 169 89
3 F 47 59 168 -/+ 50.0 134 79
4 M 36 76 183  -/+ 63.1 176 75
5 M 42 86 188 -/+ 61.2 176 74
6 M ' 37 72 175 -/+ 61.2 167 91
7 M 45 80 188 -/+ 62.2 T 221 82
8 M 29 70 183 +/- 59.2 171 93
9 M 40 79 175 +/- 66.6 211 90
10 M 47 73 173 +/- 57.9 181 85
11 M 37 80 178 +/- 622 191 88
12 M 27 70 178 +/- 71.6 146 é6
Note: +/ - indicates trial order was Hi gh Cadence then Low Cadence

VO2max = Highest rate of oxygen consumption reached during maximal treadmill

test.




Table E2

Cycling and running performance raw data
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Baseline

LC Run

Subj Basélir}e HC Cycle LC Cycle _ HC Run :

D Cycle.Tlme Tlrpe : Tlrpe Run Time Time Time

' (min) (min) (min) (min) (min) (min)
1 86.62 86.53 - - 86.28 54.92 51.18 52.05
2 80.08 77.33 74.80 42.12 39.20 - 3870
3 . 85.20 84.47 87.07 49.45 45.30 46.62 .
4 75.75‘ 76.13 76.40 42.78 39.28 40.12
5 76.42 77.60 76.35 44.40 43.57 45.68
6 77.00 78.02 76.85 42.47 39.73 39.95
7 - 69.92 68.07 68.90 50.17 47.70 47.43
8 82.68 78.33 78.23 41.03 38.97 38.70
9 70.11 71.12 71.15 45.75 43.35 41.55
10 . 74.80 74.85 74.83 45.90 45.23 45.18
11 73.70 73.42 73.80 42.48 40.32 39.28
12 81.10 80.97 81.98 40.35 ) 40.13 4123

Note: HC =High Cadence trial; LC = Low Cadence trial




Table E3a

Baseline trial raw physiological data at Time 1 (27 km — 28 km cycling)

Sl‘]“)’j' (ml.;/;f;gin_l) (1-1:1/51") RER | 2?15111 | 2? 1ljm fiftife RPE
(bpm)  (bpm)  (mM)
. 29.38 5013 087 155 157 g1 14
2 35.68 4013 0.83 128 137 5.3 13
3 32.65 3888  0.85 128 130 3.1 14
4 3620 51.17 092 156 161 5.6 14
5 328 6673 094 143 142 47 14
6 36.48 5751 088 151 150 6.4 12
7 46.80 79.57  0.85 170 169 6.9 15
8 37.40 . 5039 0.89 150 147 5.2 14
5 43.30 66.85 .0.90 164 162 9.7 15
10 39.43 69.22  0.90 171 171 7.2 17
11 34.53 5659  0.90 124 - 131 62 13

12 38.10 51.60 0.90 138 139 9.0 13

Note: Vs, = average oxygen consumption
VE = Ventilation
RER = Respiratory exchange ratio
HR = Heartrate

RPE = Rating of perceived exertion




Table E3b

Baseline trial raw physiological data at Time 2 (38 km — 40 km cycling)
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SI‘]‘;’j' (ngf‘;fn_,) (1-:15-') RER 3? Em 3? lljm 4(1){ lljm 'gftige RPE
. N (bpm) _. (bpm)  (bpm) (mM)
1 29.78 4906 087 153 154 157 47 15
2 36.02 4157 083 129 131 131 80 .15
3 30.90 3765 084 130 130 128 2.1 .14
4 38.81 5532 090 164 167 167 193 16
5 33.20 6340 090 145 151 151 54 415
6 36.26 5853 088 155 154 153 80 <13
7 46.24 8063 086 172 175 174 195 .16
8 31.43 5368 088 147 147 144 77 14
9 4457 6701 089 162 162 161 67 15
10 44.04 9745 088 173 178 178 - 99 17
1 34.77 5711 088 124 135 135 58 {14
12 4027 371 089 142 138 149 96 .13

Note: VO, = average oxygen consumption

VE

RER

HR

RPE

= Ventilation

= Heart rate

= Respiratory exchange ratio

= Rating of perceived exertion
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Table E3c¢

Baseline trial raw physiological data at Time 3 (1 min — 8 min running)

HR HR HR HR HR

Srlg)j (nﬂzgf:jn_l) (I-Zﬁi‘) RER Imin 2min 3min 4min 5min

(bpm) (bpm) (bpm) (bpm) (bpm)
1 34.98 63.19 093 155 156 157 161 165
2 43778 56.17 0.85 131 133 134 137 137
3 37.70 52.37 0.91 127 136 | 136 137 135
4 - 43.83 72.72 0.98 164 164 169 165 169
5 39.89 72.99 0.87 144 152 154 158 156
6 43.25 73.65 0.90 145 157 160 | 162 161
7 46.39 81.80 0.89 164 167 165 166 1-68
8 | 42.28 68.58 0.97 151 157 164 160 159
9 40.85 62.45 0.89 | 151 154 155 155 153~
10 42.56 75.81 0.93 169 179 | 1;77 179 179
11 40.09 | 67.83 . 0.88 135 133 137 133 139
12 44.‘3‘6 60.65 0.90 137 143 138 141 | 139

Note: VOaayg = average oxygen consumption
'VE = Ventilation
RER = Respiratory exchange ratio

HR = Heart rate




Table E3c (contihued)

" Baseline trial raw physiological data at Time 3 (1 min — 8 min running)

HR HR HR Blood

‘S;]l;)j 6 min 7 min 8 min Lactate = RPE
(bpm) (bpm) (bpm)  (mM)

1 162 168 169 9.7 16
2 142 | 141 144 9.7 13
3 135 138 138 6.1 i6

4 170 168 167 11.5 16
5 157 159 158 13.4 14
6 161 163 161 6.1 13
7 168 171 172 6.6 15
8 161 167 163 7.2 16
9 157 158 156 10.5 12

10 180 180 180 9.4 18

11 | 141 142 139 8.8 14

12 145 149 149 5.4 14

Note: RPE = Rating of pérceived exertion




Table E3d

Baseline trial raw physiological data at Time 4 (8 km — 10 km running)

)
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VOiag VE HR HR - HR Blood

VE = Ventilation
RER = Respiratory exchange ratio
HR = Heart rate

RPE = Rating of perceived exertion

S gt gmgy RER 8km  9km  10kin Lactate RPE
._(bpm) (bpm) (bpm) (mM)
1 39.71 » 83.39 0.90 184 188 191 13.4 i .19
2 54.41 80.52 0.87 165 166 170 10.5 17
3 42.12 63.02 0.86 150 152 156 11.9 17
4 52.66 96.04 0.91 | 179 182 187 9.5 18
5 48.79 96.09 0.88 .| 168 174 179 6.8 17
6 45.69 83.38 0.87 171 171 171 .45 15
7 50.42 96.35 0.85 .177 179 183 4.7 17
8 47.29 81.81 " 0.89 177 178 186 7.4 20
9 50.34 76.45 0.87 170 175 176 7.2 17
10 4491 90.66 0.87 _182 183 | 185, 8.7 19
11 54.61 | 96.45 0.88 156 162 166 4.5 . 17
12 52.25 71.55 087 166 169 175 4.4 17
Note: VO, = average oxygen consumption




Table Eda

High cadence trial raw physiological data at Time 1 (27 km — 28 km cycling)
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S]‘]I;’j | (ml.zgo_ff;gm_l) (1-;:1];:1'1) RER 2§H1:m 2?11;1 LBalcotZ?e RPE
, (bpm) _ (bpm)  (mM)
1 28.30 4931  0.87 148 153 15 11
2 39.95 4872 0.86 135 134 - 49 12
3 30.83 41.02  0.89 114 120 7.8 14
4 32.97 4218  0.86 132 133 4.2 14
5 32.83 61.01  0.90 140 138 11.1 14
6 33.05 4691  0.88 124 133 2.6 12
7 43.60 7520 - 0.88 151 160 7.5 14
8 32.87 4323 0.85 142 137 3.7 13
9 43.40 63.73 093 150 151 7.2 13
10 35.19 6424 089 158 165 8.9 16
11 33.53 5391  0.88 117 121 4.4 13
12. 35.70 4424 088 128 13

132

- 3.6

Note: VO,ay, = average oxygen consumption

VE = Ventilation

RER = =Respiratory exchange ratio
HR = Heart rate

RPE = Rating of perceived exertion
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Table E4b

High cadencé trial raw physiological data at Tirﬁe 2 (38 km — 40 km cycling)

HR HR -HR Blood
RER 38km 39km 40km Lactate RPE
(bpm)  (bpm)  (bpm) (mM)

Subj VOaavg VE
ID  (mlkg'min')  (I'min’)

1 31.03 57.28 ~ 0.89 160 160 166 6.6 15
2 39.55 49.30 0.85 o 144 143 149 3.9 14
3 . 3349 44.83 0.88 122 120 120 . 39 16
4 34.15 45.34 0.89 140 | 140 148 6.7 15
5 33.66 71.06 0.93 139 141 140 . 4.0 15
6 34.65 53.58 0.88 140 140 145 9.7 13
7 45.76 84.93 0.90 167 168 167 9.6 15
8 35.38 48.37 0.88 152 . 144 148 4.3 14
9 40.78 63.31 0.91 142 153 156 7.2 15
10 47.55 89.36 0.90 173 176 175 7.2 17
11 37.80 64.89 0.89 135 136 135 5.3 15

12 37.04 45.20 0.87 144 137 140 5.7 16

Note: VO,avg = average oxygen consumption
VE = Ventilation
RER = Respiratory exchange ratio
HR = Heart rate

RPE = Rating of perceived exertion
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Table E4c

High cadence trial raw physiological data at Time 3 (1 min — 8 min running)

HR __ HR __ HR _ HR _ ER
RER Imin 2min 3mn 4min 5Smin
- (bpm) (bpm) (bpm) (bpm) (bpm)

ID  (mlkg'min')  ('min™)

1 35.50 71.28 0.93 158 162 162 167- 167
2 45.84 61.43 0.87 141 146 147 149 - 151
3 40.05 58.30 0.91 121 135 137 138 143
4 44.63 75.05 1.00 150 156 161 164 163
5 39.69 71.06 0.86 136 144 146 148 145
6 45.02 75.37 | 0.91 143; 152 157 157 158
7 | 55.20 79.43 0.90 153 160 162 161 161
8 45.63 73.80 0.96 155 159 167 168 /165
9 - 42,11 . 66.52 0.91 136 153 151 | 152 153
10 - 45.53 85.27 0.90 170 176 175~ 174 175
11 42,05 69.49 | 0.86 125 136 132 137 137
12 43.43 56.06 _ 0.89 132 143 ‘1\43 150 147

-

Note: VO, = average oxygen consumption
VE = Ventilation
RER = Resbiratory exchange ratio
HR  =Heartrate

RPE =Rating of perceived exertion




Table E4c (continued)

High cadence trial raw physiological data at Time 3 (1 min — 8 min running)

Subj R HR HR ~ Blood .
D 6 min 7min 8 min Lactate RPE
(bpm) (bpm) (bpm)  (mM)

1 170 168 172 5.3 16
2 153 154 156 6.2 16
3 143 142 142 5.9 17
4 163 162 163 7.1 16
5 150 151 150 45 15
6 160 160 157 6.9 15
7 164 164 164 . 91 15
8 169 172 173 12.9 17
9 153 156 153 7.5 14
10 175 177 177 10.7 17
11 137 136 137 23 14
12 151 150 6.3 15

150

Note: RPE = Rating of perceived exertion -
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Table E4d-

High cadence trial raw physiological data at Time 4 (8 km —10km running)

102

Sﬁ‘;’j (nﬂzgf:;fn_,) (1-?;2—') RER 8Hk1:n 9}1I<R;n 1(})I 11:m I],Balcot(;?e RPE
(bpm) (bpm) (bpm) (mM)
1 41.98 9465 090 182 186 190 11 20
2 51.96 82.67 089 166 170 175 6 19
3 45.37 66.16 086 153 154 156 5 18-
4 53.13 9331 093 173 178 182 9 17
5 5265-  103.86 090 167 176 180 6 18
6 51.01 8378 087 172 175 180 4 15
7 50.08 9523 087 .182 - 180 184 5 16
8 50.27 8550 088 173 177 183 14 20
9 5226 8458 093 169 177 18l 12 18
10 49.18 9267 09 176 179 180 7 18
11 52.72 9452 091 153 157 163 6 17
12 55.87 78.45 088 172 175 180 7 18

Note: VOa,y, = average oxygen consumption

VE = Ventilation

RER = Respiratory exchange ratio

HR = Heart rate

RPE = Rating of perceived exertion




Table ESa

Low cadence trial raw physiological data at Time 1" (27 km — 28 km cycling)
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Sﬁ;’j (m].zgo_ﬁ“nfin_l) | (1~er1’1) RER 2? lljm‘ 2515{ lljm falftife RPE
(bpm)  (bpm) (mM)
1 31.90 4934 087 142 146,56 13
2 38.63 4343 085 131 136 29 12
3 31.55 3979 085 116 111 2.9 13
4 33.80 4689 ~ 089 143 140 5.4 13
5 31.80 5579 0.90 136 133 42 . 14
6 3155 4636 088 134 130 36 13
7 47.60 8091 090 146 154 62 13
8 34.03 4493 088 142 141 42 12
9 36.95 5660 089 130 132 49 12
10 36.83 7122 08 170 156 8.6 16
11 36.83 6130 089 136 127 72 14
12 311s 3897° 087 12 118 56 13

Note: » VOyay = average oxygen consumption

VE - = Ventilation
RER = Respiratory exchange ratio
HR = Heart rate

RPE = Rating of perceived exertion
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Table E5b

Low cadence trial raw physiological data at Time 2 (38 km — 40 km cycling)

HR _ HR _ HR _ Blood
RER 38km 39km 40km Lactate RPE
(bpm)  (bpm)  (bpim) (mM)

Subj VOaavg VE
ID (mkg'min') (I'min")

1 - 30.12 52.25 0.86 146 145 150 39 13
2 41.34 | 49.11 0.85 140 140 143 2.7 13
3 31.10 39.81 0.85 118 | 12 116 39 14
4 3324 44.32 0.87 143 146 146 5.7 14
5 31.04 5197 0.87 132 124 126 4.9 15
6 34.69 52.24 0.86 139 141 141 2.0 13
7 40.47/ 66.28 0.88 153 154 157 5.2 13
8 35.98 | 50.96 0.89 139 142 147 57T 15
9 34.00 51.32 0.88 132 133 136 4.5 12
10 38.06 77.12 0.90 157 156 159 5.8 16
11 35.00 54.64 0.86 119 125 128 2.5 13
12 30.41 38.07 0.85 112 114 113 52 | 14

Note: VOzavg = average oxygen consumption
VE = Ventilation
RER = Resi)iratory exchange ratio
HR _ = Heart rate

RPE = Rating of perceived exertion
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Table E5c.

Low cadence trial raw physiological data at Time 3 (1 min — 8 min running)

HR HR HR  HR HR
RER Ilmin 2min 3min 4min 5min

(bpm) (bpm) (bpm) (bpm) (bpm)

Subj  VOnay VE
ID (mkg'min")  (I'min")

1 35.27 68.24 0.92 } 151 155 158 162 164
2 46.32 63.98 0.88 141 148 148 148 148
3 39.50 56.50 0.91 122 130 131 135 135
4 44.04 74.33 1.00 153 160 163 164 165
5 41.16 66.57  0.84 129 142 140 143 143
6 43.96 73.70 0.90 141 157 161 162 163
7 | 45.16 76.18. 0.90 149 155 155 ~ 155 155
8 47.39 76.75  0.96 153 | 163 158 1'64‘ 172
9 41.76 168.54 0.93 136 137 144 151 155
10 40.25 70.83 0.93 161 170 165 165 168
11 43.02 72.73 0.88 133 138 135 137 138

12 42.09 54.37 0.88 124 134 135 137 136

Note: VO, = average oxygen consumption
VE = Ventilation
RER = Respiratory exchange ratio *

‘HR = Heart rate
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Table E5c (continued)

High cadence trial raw physiological data at Time 3 (1 min — 8 min running)

HR HR HR Blood

Sll]l;)j 6 min 7min 8 min Lactate RPE
(bpm) (bpm)  (bpm)  (mM)
1 162 165 165 8.1 16
2 148 148 148 3.7 15
3 133 134 135 6.0 15
4 - 164 165 164 12.1 15
5 ‘147 145 144 3.9 15
6 164 164 161 | 3.8i 14
7 157 158 158 5.0 14
8 168 169 169 17.7. 17
9 154 154 156 5.2 16
10 169 170 . 169 8.1 17
11 136 144 141 47 14
12 137 142 141 10.0 15

Note: RPE = Rating of perceived exertion




Table E5d

Low cadence trial raw physiological data at Time 4.(8 km — 10 km running)

107

Sf]l;)j | (nﬂzgz-;fn-‘) (1-:;1::-‘) RER 8H1§n 9Hk1:n 1(5I En I},Balcotz?e RPE
(bpm) (bpm) (bpm) (mM)
1 43.01 96.63 089 178 186 188 104 20
2 4891 7436 085 163 152 163 54 19
3 4407 - 6489 086 145 148 149 6.0 18
4 53.44 9201 090 177 179 183 10.7 17
5 49.83 8775 086 147 154 167 5.4 18
6 49.75 86.12 087 173 178 179 4.7 15
7 52.66 9407 086 173 175 177 3.4 16
8 49.73 8124 088 173 171 185 7.2 20
9 53.18 8875 093 169 174 177 9.7 18
10 42.08 7699 087 174 179 180 6.8 17
11 55.76 98.84 089 152 159 164 5.9 17
12 5283 .+ 6993 087 157 169 174 5.1 17

Note: VO,,v; = average oxygen consumption

VE = Ventilation
RER = Respiratory exchange ratio
HR = Heart rate

RPE = Rating of perceived exertion
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