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Middle Distance /

Afhlete Development

The following text discusses some of the factors that can play an important role in the
development of talented Junior middle distance runners, recognizing that the
development of every athlete is unique and that there is no perfect training system. The
article is based on an extract Jrom the author’s Level III qualifications dissertation
under the Australian Track and Field Coaches Association’s National Coaching Scheme.
Reprinted from Modern Athlete and Coach, Volume 38, No. 2, April, 2000
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INTRODUCTION

The coach is mindful of the fact
that the athlete, because of his ba

ground, may be more underdeveloped

in one area than another. Still, a trade-
mark of a talented young middle dis-
tance runner is his ability to com-
plete training tasks at a range of du-
rations and intensities and, of course,
to perform at least quite well at dis-
tances ranging from 200m to 3000m.

Obviously the coach’s role is to
develop this talent. To do this he
makes use of science, the training of
champions and intuition guided by a
detailed record of training.

Science alone would be inad-
equate because a “jump” would be
required to its application. For ex-
ample, an exercise physiologist may
find it difficult to comprehend why a
particular athlete performed at a level
far superior to what testing and his
training suggests he is capable of.

Simply mimicking the training
of a champion would be dangerous

because it ignores the individual na-
ture of each athlete.

Intuition alone is also likely to
be extremely misguided.

PHYSIOLOGY

A middle distance athlete is re-
quired to develop aerobic, lactic and
phosphagen energy system qualities.
The aim is to develop aerobic quali-
ties so that he can run with minimal
acidosis at a given submaximal in-
tensity,

He aims to develop lactic anaero-—>

bic qualities so that his body is taught
to buffer the hydrogen ions that ac-
cumulate while working anaerobi-

(22%(76

race, but this ability is also heavily
dependent upon the extent to which
the endurance qualities mentioned
above are developed.

Many authors have suggested the
percentage contribution that these
three energy systems make to perfor-
mance at the different race distances.
Examination of some of these figures
for the 1500m event emphasizes the
difference of opinion. The relative
contribution of the phosphate, lac-
tate and aerobic energy systems re-
spectively, are proposed.a. being 2%/
' Martin and Coe, 1991, p.
27),_20%]55%25% ) (Aust. Track <—
and Field Coaches ssociation Level
I Course Handout, 1991) and 10%

!"30%1’60% (Better Coaching, p. 46). b
cally and tolerate those that remain. {/> It is usually not made clear

He develops phosphagen energy
system qualities so that he can accel-
erate well at the start and move at
submaximal speed while running
quickly to establish position early in
the race. Development of this system
is also partly responsible for allow-
ing an athlete to accelerate during a

;

whether these results are from re-
search or simply estimates. Since
these figures aim to provide gujde- -
lines for training program design, the
discrepancies appear to be quite
alarming.

--—~\\Shl9_ul_d,\z‘l 1500m runner devote
25% of 76% of training to the devel-

By Philip Moore, Australia
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opment of their aerobic energy sys-
tem?! For that matter, what does it

mean to devote 25% of training to

aerobic energy system development
(for example, 25% of training ses-
sions, or 25% of training time, or
25% of running time)?

It is helpful to realize that those
who suggest the aerobic contribution
to performance for a given race dis-
tance is low are likely to suggest the

same thing for a given session relative
to the other authors. Importantly, for
any race distance, unchanging ratios of
work contributed by the various en-
ergy systems cannot be honestly stated
because they vary depending on the

\. Wf an athlete, ihe

P

2

training he performs and the wax
. which he runs the race.

=
till, careful c0n31deratlon must

be given to what extent training is
geared towards developing a given
energy system at a given time. Of
course, anaerobic energy system de-
velopment generally should be em-
phasized later in each training cycle
(generally, approximately 6 or 12

months) and a 1500m runner will

—
accenmate aerobic tralnmg more than

ate for all 3 mu:lclle dlstance runners to
mcluae - some alactic anaerobic run-

ni ing throug out the training cycle,
emphasizing good technique.

“An athlete’s stage of overall de-
velopment should also be taken into
account. For example, a 15-year-old
with 8 weeks and 3 sessions per week
to train for a 800m race may devote
some time each week to the develop-
ment of each energy system. A typi-
cal fortnight may be:

Week 1
Tuesday

3 x 1000m (4 min recoveries)
Thursday

10 x 150m

(2 min recoveries) + 25 min run
Sunday

6 x 300m (3 min recoveries)

Week 2
Tuesday

14 x 200m (40 sec recoveries)
Thursday

5 x 80m relaxed

5 x 80m, 2nd half fast

4 x 60m fast + 25 min run, last 10

min fast
Sunday

6 x 300m (3 min recoveries)

4 x 400m (5 min recoveries)

This type of training enables a
talented runner to perform well

" enough to foster his interest in the

sport. In contrast, a very talented 19-
year-old may be asked to devote ap-
proximately 75% of his training for
the year to aerobic development so
that he is able to absorb larger train-
ing loads in the future and achieve
the training background required to
ultimately reach his potential.

While this approach may be con-
sidered “risky,” it is possible that in
the long term such a strategy would
be justified. Importantly, any coach
who believes that his current ap-
proach needs modification should
change any shift in emphasis gradu-
ally, choosing the appropriate time
of year.

LEARNING FROM
CHAMPIONS

It is also possible to glean valu-
able information by identifying trends
in the training programs of champion
middle distance runners. The Ken-
yans are known to establish good
training volume from a young age
simply by using running as a means
of transport and some of their train-
ing is well documented in Train Hard,
Win Easy. It is, however, naive to
deny that, for a middle distance run-
ner, being born at altitude is also of
great value, especially now that re-
search is revealing altitude training
is likely to provide both aerobic and
anaerobic benefits.

So, for convenience, consider the
training of the outstanding British
athletes Ovett, Coe and Cram (all of

whom were born near sea level),
which is extremely sound. While
there are certainly some differences
in their training (for example, Coe
had lower peak running volumes than
the other two but included more
weights and circuit training), there
are several similarities:

* A gradual buildup of weekly train-
ing volume, emphasizing continu-
ous running.

* Some training weeks of signifi-
cantly more than 100km per week
(Coe’s peak weeks reportedly
being approximately 120km);

* Increased emphasis on faster run-
ning at a range of intensities (from
faster than 800m race pace to
5000m pace), once volume has
been established with sufficient
continuous running to maintain
aerobic conditioning during this
time.

« Reduced training volume just
prior to and during the racing
period; even most of their con-
tinuous runs were completed at a
steady pace of approximately 3:20
to 3:30 min/km, and some were
run faster than this. This certainly
appears to be a key point given
that the No. 1 800 and 1500m
runners of 1998 (respectively,
Kimutai and El Guerrouj) are both
known to perform much of their
continuous running very quickly
indeed. Of course, it is inappro-
priate for a developing runner to
complete all his runs at approxi-
mately 3:20 min/ km pace.

Despite several setbacks, train-
ing with these qualities enabled Oveft,

Coe and Cram to reach the highest

level.

DETAILED RECORD OF
TRAINING

A well established and long-
standing relationship between athlete
and coach is of value in many ways.
Not least of these is that the coach
can develop a thorough understand-
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ing of the individual’s response to
training. A coach who knows in de-
tail what an athlete has done in the
past (what worked and what did not),
where they are at now and where they
want to be with training in the future,
is able to orchestrate a smooth tran-
sition in training from year to year.

To achieve this, it is essential for
the coach to keep a detailed record of
the training that the athlete actually
completes (training diary). This has
several benefits. Simply keeping a
record of monthly training programs
is not appropriate because, for a va-
riety of reasons, modification to train-
ing may be appropriate. Also, daily
entries of training completed, com-
bined with feedback from the athlete
about how they are feeling (for ex-
ample, lively, sore, tired, enthusias-
tic, lethargic, content) allow ongoing
modifications to training if adapta-
tions have occurred earlier or later
than was expected.

Especially during a phase of
training when an athlete is training
across a large range of running inten-
sities, careful consideration must be
given to the sequencing of sessions.
Sufficient recovery must be sched-
uled between difficult sessions with-
out reducing the training load below
what is going to permit optimal
progress.

Study of the record of past train-
ing and understanding of physiologi-
cal responses permit appropriate se-
quencing. For example, a 19 to 20-
year-old 800m runner four weeks
before nationals in a week of training
in which there is no race:

Monday: a.m. 20 min run av. 3:40/
km; p.m. 6km, 2nd half solid.
Tuesday: a.m. 20 min av. 3:40/km;

p-m. speed drills, 20 x 200m (50
Sec recs) on grass track.
Wednesday: a.m. rest; p.m. light cir-
cuit of drills and exercises + 30
min run av. 3:45/km.
Thursday: a.m. 6km run av. 3:40/km;
p-m. speed drills 400m, 2 x 300m,
2 x 200m (recs of 8, 6, 6, 2 min).
Friday: a.m. rest; p.m. rest.
Saturday: a.m. 2 sets of 3, 2 1 min

The great British middle distance runners—Steve Ovett, Steve Cram and
Sebastian Coe—were all born near sea level, Here, Ovett wins the 1984
Bislett 1500 final in Oslo over José Gonzales (93) and Ray Flynn (90).

(recs of 3, 2, 3, 3, 2 min) on grass;
p.m. 20 min run av. 3:40/km.
Sunday: a.m. 6km run av. 3:40/km;
p-m. speed drills, 5 x 80m with
2nd half fast, 10 x 20 sec (1:40

recs) on a hill.

With appropriate use of science,
history and intuition, complemented
by suitable implementation of train-
ing sessions, the coach goes a long
way towards giving direction to ath-
lete development.

BIOMECHANICS

The biomechanical development
of a talented middle distance runner
must also receive careful attention.
Of course, there is interaction be-
tween this and physiological devel-
opment. Much of the training aimed
at biomechanical modification is able
to achieve its desired effect because
of physiological adaptations it
evokes.

The way in which an athlete runs
is largely a talent. However, ongoing
reinforcement of appropriate move-
ment patterns with modifications to

inappropriate ones is beneficial to
performance, both indirectly and di-
rectly. It directly impacts perfor-
mance by improving speed and
economy of movement, but also acts
as a means of injury prevention thus
facilitating training consistency and
so uitimately performance.

When the young athlete begins
with a training group he must be in-
troduced to:

* General speed drills for the de-
velopment of neuromuscular co-
ordination and stride frequency.

* A regular stretching routine to
optimize mobility.

* General muscular strength and
endurance exercises to train
muscle fibers that would likely
remain underdeveloped if exposed
to running alone, and to help en-
sure balanced development of the
major muscle groups.

All this must be complemented by
the regular completion of relaxed run-
through. Here, of course, the athlete
receives feedback from the coach but,
by closely observing the way in which
the athlete moves, the coach also re-
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ceives feedback about how the athlete’s
strength or mobility may be changed to
improve their biomechanics.

From his late adolescent years
onwards a talented young athlete will
often begin working with a physio-
therapist. The manipulation that the
athlete receives, along with more
specific exercises that may be pre-
scribed, can be invaluable, facilitat-
ing biomechanical improvement and
injury prevention.

It is important that attention be
paid to the biomechanical develop-
ment of an athlete from a young age,
because the longer his training his-
tory, the more difficult it becomes to
modify running technique. So, if
physical training is approached from
solely a physiological point of view,
an athlete’s potential will be limited
from the start more than it would
otherwise have been. Moreover, this
problem is compounded by the fact
that generally the athlete will be more
injury prone.

Although I do not know the train-
ing of a lot of Australia’s middle
distance runners, it is possible that
the training of our successful juniors
has been characterized by appropri-
ate running volume and distribution
of work to aerobic and anaerobic
means but with insufficient attention
paid to the athlete’s movement pat-
terns. Physiological and biomechani-
cal development must occur in part-
nership. Although movement pattern
is only one determinant of running
economy, improved smoothness of
movement at a given speed makes
and athlete more economical at that
speed. Also, improved endurance
means improved maintenance of run-
ning technique when fatigued.

PSYCHOLOGY

The athlete will only be able to
consistently complete the required
training and perform when it counts
if he is strong psychologically. At
the stage when he has been success-

ful as a junior and is looking to
progress to the next level, it is likely
that he will be holding down a regu-
lar job or completing a university
degree. It is essential for him to be
very well organized so that difficul-
ties in part of his life—for example,
completing assignments. at the last
minute—do not affect his running.
Although the coach may do much to
develop the young athlete’s interest
in middle distance running, for an
athlete who is to reach the top, there
will in time be a transition to his
being intrinsically motivated.

The athlete must be prepared to
follow a systematic approach to train-
ing, trusting his coach and the pro-
gram that has been set. He must be
focussed for each training session
once he gets to training (not wasting
time and energy thinking about it
during the day), clearly understand-
ing the objective and striving with
confidence to achieve it. Clear and
regular communication between ath-
lete and coach is crucial and helps
avoid any unnecessary misunder-
standings.

Some difficulties and setbacks
(for example, in training, making
teams, racing, illness, injury, other
areas of life) are inevitable. Some of
these situations may be beyond the
athlete’s control at the time, but it is
the way in which he reacts to them
that is critical.

It is essential that he has the
character to persevere. Just as impor-
tant is for the athlete never to be-
come complacent after some success.
Rather, he must have in view what is
required for further progress. When
it comes to competing, the athlete
must have a calculated understand-
ing of how he should run the race to
perform at his best. This may include
several tactical options, especially if
the aim is to win rather than to run
fast. He also needs to be confident,
not fearful of any athlete, and suffi-
ciently aggressive to establish and
maintain the position he wants in the
pack of runners,

CONCLUDING
REMARKS

For a talented junior middle dis-
tance runner a relatively smooth tran-
sition to elite senior level is most
likely to take place in the context of
a long-term relationship with one
coach. Ideally, the coach will always
look to put the athlete’s needs before
his own, examining his own attitude
to ensure that his aim is to help his
athlete reach his potential; he will
not seek adulation for himself.

It is important for the coach to
develop a system of support while
maintaining confidence in his own
system of training so as not to be mis-
led by the proclamation of supposed
ideal training session or methods. The
implementation of the training program
is critical, not just its content.

The talented young runner must
be(come) extremely determined, fo-
cussed not on achieving material rec-
ognition, but on following a system-
atic plan, aimed at steady improvement
year after year. The value of specific
experience gained by athlete and coach,
that can only be attained as they work
together over a period of years, should
never be underestimated.

For the hard-working middle dis-
tance coach, who has the privilege to
work with a very talented junior, it is
important not only to know track and
field but particularly to know the
800m and 1500m events and what is
required for elite level performance
in these events.

It is also essential that the coach
come to know the athlete very well
while maintaining a logical mind and
a character of integrity. Of course,
humans have limited control over
outcomes in their lives. But for a
talented young middle distance run-
ner and a distance running coach, who
meet at an appropriate time in both of
their lives, achievement of elite level
middle distance performance is more
likely that it would be otherwise.

“
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be executed without discomfort extra
resistance was added via a backpack.
At the end of a 12-week period all
participants had recovered sufficiently
to resume running at their pre-injury
level with minimal, if any, pain.

Although the reasons for the ef-
fectiveness of eccentric exercises in
the treatment of tendinitis have not been
physiologically explained, there is no
doubt that the method has a high suc-
cess rate. It is speculated that one of
the reasons involves the tensile strength
of the tendon, or the effect of lengthen-
ing of the muscle-tendon unit and con-
sequently reducing strain during ankle
joint motion.

Whatever the reason, you can’t
ignore the impressive success rate of
eccentric exercises in comparison to
conventional treatments, such as corti-
sone injection and surgery. It appears
that the Swedish research findings have
important implications for preventing
and rehabilitating tendon injuries in a
cost effective and timely fashion. Of
course, consult a doctor or physiothera-
pist before you try the eccentric exer-
cise method.

Modern Athlete and Coach
(Australia)

STRENGTH
DEVELOPMENT IN
DISTANCE RUNNING

By Ants Nurmekivi

The author, in an article discuss-
ing physiological factors in the plan-
ning of training in endurance events,
draws attention to the problems that
can occur in the development of
strength in conjunction with the devel-
opment of aerobic endurance. He comes
to the conclusion that it is possible for
no conflict to take place in their devel-
opment in parallel up to a certain inten-
sity level. However, when the intensity
and volume of strength development
exercises are substantially increased, a
hypertrophy of myofibrils can lead to a
drop of oxidative qualities and should
be avoided.

A sudden increase in the intensity
and volume of strength development
exercises is responsible for a rise of
hydrogen ion concentration in mito-
chondria and can lead to their func-
tional disturbances and reduced endur-
ance capacity. Slow-type muscle fi-
bers are capable of compensating or
removing hydrogen ions in mitochon-
dria only when the strength develop-
ment exercises are performed at an in-
tensity that does not exceed the adapt-
ability of slow-twitch muscle fibers.

These and other facts from sev-
eral studies clearly indicate that the
coach must pay close attention to an
optimal combination of aerobic and
strength development training means.
In essence, we are dealing here with
a harmonious development of the fun-
damental components of aerobic and
anaerobic thresholds and the differ-
ent strength components should be
carefully balanced.

But how to evaluate whether the
intensity and volume of strength train-
ing has been superfluous? Apparently
the simplest solution is to control the
level of endurance during strength
training phases. There are reasons to
presume that the share of strength
development exercises has been ex-
cessive when speed drops at the aero-
bic threshold level.

University of Tartu Sport Studies
(Estonia)

SUPRAMAXIMAL SPRINT
LOADS

By Dietmar Koszewski

Sprinting speed is influenced by
the mechanical parameters of stride
length and stride frequency. Using
supramaximal running speeds in
training processes is a highly spe-
cific method to develop these param-
eters in an effort to improve maximal
sprinting speed. Supramaximal
sprints also help to avoid, or to elimi-
nate, dynamic motor stereotypes that
restrict speed development. The fol-
lowing supramaximal loads are com-

monly used in training:

*  Downhill runs

* Speedy Pro-assisted runs

* Electric motor-assisted towing
runs

* Elastic band-assisted towing runs.

All these supramaximal training
loads have both positive, as well as
negative aspects, and involve injury
risk. Mechanically towed and assisted
runs, for example, are more risky
because athletes are not in control of
their own speed. On the other hand,
athletes can adjust the running speed
in downhill runs according to their
individual feelings.

Supramaximal sprint loads are
usually employed in the specific train-
ing phase at the end of each prepara-
tion period. Such training units should
be in the weekly training plan when
the athlete is well recovered and ready
for the high intensity workout.
Supramaximal loads immediately af-
ter a tempo running or sprint unit
should be avoided. It also is sensible
to allow a day of regeneration or rest
after a supramaximal training session.

An adaptation of athletes to per-
form supramaximal sprint loads var-
ies considerably and often depends
on the methods. The same applies to
the duration of the transfer of the
influence of supramaximal loads to
the actual improvement of maximal
sprinting speed, which could take two
to three weeks.

Leichtathletik Konkret (Germany)

ENERGY SYSTEM
CONTRIBUTION DURING
400 TO 1500M RUNNING

By Matt R. Spencer, et al.

Recent research into the relative
contribution of the energy systems to
highly intensive exercise suggests
that the contributions made by the
aerobic system have in the past been
underestimated. To confirm this the
authors conducted a study to evalu-
ate the aerobic and anaerobic energy
systems’ contribution during an ex-

“
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haustive treadmill running test that
simulated speeds and durations of the
400, 800 and 1500m events.

Looking at the energy system mod-
el s of the three events revealed that,
) al though the sprint athletes registered

a significantly lower VO, peak than
i their middle distance counterparts, re-
/

sutls still indicate that the aerobic con-
tribution of 46% in the 400m event is

sufficient reason for these athletes to

devote more of their training time to-
wards developing their aerobic energy

It also is interesting to note that
the quantity of anaerobic energy used
in the three events is very similar, indi-
cating that the remaining energy re-
quirements are supplied by the aerobic
system. As the available anaerobic en-
ergy is limited, it must be used opti-
mally and efficiently in each event.
This means that optimal training must

/in each event strike a fine balance be-
tween the development of aerobic and
j anaerobic energy systems.

Given the importance of maintain-
ing speed, an appropriate approach to
the development of aerobic energy may
be in the employment of interval and

_ farilek training, rather than overem-
phasizing long slow runs. It also would
make sense to emphasize long interval
sessions in the preparation period, while
concentrating on more traditional speed
work during the precompetition and
competition phases. Long sprint and
middle distance athletes are well ad-
vised to devote more of their training
time to the development of their aero-
bic system without compromising their
anaerobic system.

New Studies in Athletics (IAAF)

THE SECOND RUSSIAN
REVOLUTION IN POLE
VAULTING

By Alan Launder

The technical model for the pole
vault developed by the coaches of the
former Soviet Union, led by Vitaly
Petrov, has been revolutionary in many

aspects. The model introduced several
innovations, all designed to enable
vaulters to grip higher and make more
effective use of stiffer poles.

Besides the important innovation
of the “pre-jump,” the Russian techni-
cal model also places emphasis on a
radically different approach to the “in-
version,” or what is usually termed the
“rock-back.” Petrov considers that “the
rock-back and upswing on the pole
must be complete when the vaulter has
managed to cover the arc of the pole

ith his hips and legs, while the legs
serve as the continuation of the upper
end of the pole.”

This, of course, is in complete
contrast to the traditional approach in
which the vaulter rocked back into a
tight tuck with both legs bent.

Bearing in mind that the vaultis a
continuous movement, it also is inter-
esting to consider Petrov’s claim that
the transfer from the hang takes place
with no pressure of the front arm in the

Z30vHD NOO

Sergey Bubka—
able to put more
energy into the
pole.

takeoff. This “soft front arm” allows
the vaulter to fractionally extend the
takeoff drive before inversion is initi-
ated. It also creates an elastic pre-stretch
of the muscles of the trunk and the
trailing leg, which in turn makes the
subsequent phases more powerful and
easier to execute.

In the next phase the vertical posi-
tion is achieved by the athlete driving
the hips and legs above the shoulders,
which appear to be moving down rela-
tively to the rest of the body. It seems
likely that, at least in Bubka’s case, he
is still able to put more energy into the
pole during this phase and so at least
maintains the pole bend longer while
he positions himself to fully exploit
the recoil. In fact, in each of these
phases it appears that Bubka is able
to put more energy into the pole and
to make and keep the pole bend frac-
tionally longer,

Modern Athlete and Coach
(Australia)
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Or more.
WI NTEI{ 2006 We've all seen it. Week in, week out, the same athletes from

the same school in the same three or four or more events. The

K, The official technical season progresses and their season regresses. The next year
" publication of - .
USA Track & Field the same coach does it again, because he can. New faces, same
places, the fast lane to a short career. The coach never gets it,
USPS # 745-030 just the athlete.
— Publisher .I learned a lot about coaching as a golf course greenskeeper
RUSS EBBETS ....cooocnnrriemrienictnnasnnen Editor during my college years. When we mowed the greens everyday
TERESATAM ........ Production & Design they burned out. If we gave them a day off they’d come back
strong and always stayed green.
FRED WILT..ocoonmrssssmrsen Founding Editor High school and Junior Olympic programs should be for
development. I know, I know, I've heard the speech. Most kids
= probably won't compete in college or beyond so get it while you
can. Spend the future on the present, just like a credit card.
PUBLICATION il . .
But the big difference is when you pay off the credit card
Track Coach is published quarterly by Track & : : . "
Field News, Inc., 2570 El Camino Real, #606, you get to use it again. Wlth a ca.ree:r it's gone. Maybfe they
Mountain View, CA 94040 USA. Periodicals never would have made it. There isn’t much certainty in that
postage paid at Mountain View, California, ”maybe."

and additional mailing offices. Postmaster:

send address changes to Track & Field News, It's long been said that great athletes make great coaches.

éi";f;;;“mi““ Real, #6006, Mountaik View, You don’t have to spend too long with a watch and a whistle
' to realize that. But abusing or overusing an athlete is just an
The Spring 2006 issue (No. 175) of Track Coach excuse not to coach.
will be mailed to subscribers by March 31. U.S. g :
subscribers allow three weeks for delivery. One of the lunchtime topics at the recent USATF Level 2
School in Virginia generated some lively debate over high school
SUBSCRIPTIONS participation. Many people had a lot to say. So in this issue of
U.S. rate is $20.00 per year. All other countries |, Track Coach we will conduct a brief survey to see where we
$24.00 per year. stand on this issue with the goal being to develop a responsible
approach to athlete development.
BACK ISSUES OF e c ;
One can't legislate responsibility but armed with facts one
TRACK COACH can lobby for good sense. Great athletes do make great coaches
Many back dsgued of Thark TeohriqueTrack but it is the truly great coaches who make champions—now

Coach, #84-173, are available singly at $5.50
each postpaid. No issues previous to #84 are
available.

and in the future.

(For survey, see page 5569)

To order, send your check to Track Coach, 2570
El Camino Real, Suite 606, Mountain View,
CA 94040 USA. On the cover: Olympic champions Shawn Crawford and Justin Gatlin

fumble the baton at Penn 2003. Greg Armstrong photo.
(55, SSEsnnE i R I R e e I b e s et
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The 800 And 1500 Meters:
Racing Fast And Controlled

Coaches: Don't neglect the various psychological considerations involved in middle
distance running. You can spend months having your athletes do the workouts
and the conditioning, preparing their bodies to a fare-the-well, but if they haven't
done the mental preparation, it could spell the difference between winning and
losing. This article is adapted from a chapter in the new book, The Psychology of
High Performance Track and Field, Ralph Vernacchia and Traci Statler, editors,
published by Tafnews Press (Book Division of Track & Field News). Jennifer Bessel,
Ph. D., was an All-American in the 5000m when she ran at California State
University, Long Beach. She is now a licensed psychologist and is a member of the
USA Track & Field Sport Psychology Team and has provided services to athletes,
coaches and teams through her consulting practice in San Diego.

The 800 and 1500 meters are
exciting races. They require a
combination of speed and stamina
unique in the world of track and
field, and this makes them amazing
to watch for both participants and
spectators. Even if athletes are in
peak physical condition, they will
often have to “gut out” their race
at the end. Racers learn how to kick
after sprinting either 600 meters or
1200 meters.

These two races are fast, yet
unlike the 100 meters, there is time
to make up for minor mistakes. Just
when you may think the winner is
clear, aracer can “tie up” or another
racer can surge and run past. The
two races are long sprints, as they

are fast for 2 or 4 laps, depending
on the race. Although the world’s
top racers make it look easy, those
who have attempted to run these
distances know how demanding
the race pace can be.

The first key to success in the
800 and 1500, of course, includes the
basics: biomechanics, being in good
physical condition, completing ap-
propriate workouts throughout the
season, and staying injury-free. An
additional step that can add to all
of the physical hard work is to be
mentally prepared. This article will
focus on specific mental skills to
prepare for the 800 and 1500 meters.
Specifically, key mental preparation
components will be discussed. Strat-

egies for applying the techniques to
a training routine will also be ad-
dressed. Finally, some common rac-
ing errors will be identified, along
with some potential solutions.

KEY MENTAL
PREPARATION
COMPONENTS

For the 800 and 1500 meters
some key components of a mental
skills training program can be de-
veloped to maximize performance.
These specific aspects include: race-
specific goal setting, understanding
the rhythm of the race, understand-

[

By Jennifer Bessel

ing race strategy, developing/a’n'/
¢
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ability to “race” and respond, and
being able to cope with pain.

Setting Clear and Obtainable
Goals

The process for setting clear and
obtainable goals includes a series
of steps. The steps include set-
ting long-term performance goals,
season-specific performance goals,
competition-day goals and training
goals (Orlick, 1986).

Long-term performance goals.
Itisimportant to dream a little when
setting long-term goals in sport.
Long-term performance goals are
these dreams. With knowledge of
an athlete’s strengths, challenges,
current ability, motivation and com-
mitment, along-term goal can be set.
Long-term goals can range from “I
want to run in the Olympics,” to “I
want to be on the traveling team at
school.” Sport research shows that
having a “dream” is integral to help-
ing athletes to maintain motivation,
to continually challenge themselves,
and to work hard (Orlick, 1985).

Seasonal performance goals.
The next step is to develop sea-
sonal goals. Often athletes set dream
goals, but do not go the extra step
and set goals that are more within
their reach. Only setting dream
goals can result in loss of motivation
and a feeling of failure, as dream
goals take time to reach. Here is
a strategy for setting seasonal
goals. At the end of each season,
after a short break, it is helpful to
plan ahead for the upcoming year.
Typically, athletes begin with their
long-term goal, which could be to
become an “All-American” in the
1500 meters within four years. If
an athlete sets this goal during his
or her first competition year, then
she or he can begin to plan for race
times that would need to be reached
each season to meet this goal. Once

a goal for the season is set then the
year can be planned.

Questions to ask: What is your
long-term goal? What do you need
to do each year to progress toward
this long-term goal? What do you

- need to do during the off-season,

preseason, beginning of racing
season, mid-racing season and end
of season to meet your yearly goal?
Include all aspects of training: physi-
cal, mental, nutritional, etc.

Setting competition-day goals.
The next important step in setting
goals is to set goals for competition
day. Athletes can forget that each
race is part of a seasonal plan and
they can get frustrated when they
do not run their fastest race every
time. _

Competition-day goals include
two parts: the ideal mental state for
racing and a specific race goal. Each
athlete needs to understand how he
or she feels when “ready to go” vs.
“anxious, worried and nervous.”

Example of an “Ideal Mental
State”: “I feel ready to go and confi-
dent. I like to feel relaxed, yet have
a certain feeling of energy in my
legs. I know that I am ready to go
when I have rested just enough to
have energy and I am not worried
about who I am competing against.
I know I am ready when I stand on
the starting line, take a deep breath
and say to myself, ‘I can do this.””

In addition to specifically writ-
ing down how athletes feel when
they are at their best, specific race
goals should be emphasized. A
coach can help an athlete with this
task, as the coach and athlete need
to be in communication about the
athlete’s training cycle, what the
focus of the race should be, and
how fast the athlete should be able
to run. Specific race goals can be
more than a race time as they can
help a runner focus on the last 100
meters of the race, to feel a pace, to

practice surges, or to reach a specific
time or place in the race.

Example of a “Specific Race
Goal”: “The focus of my 1500 meters
is to run at a consistent race pace for
all four laps. On the backstretch of
each lap I will surge for 50 meters
to feel what it feels like to change
my rhythm during the race. The
end time is not relevant to this
race goal. My goal is to surge, no
matter how I feel physically. I will
be mentally strong and surge with
confidence.”

Setting training goals. The fi-
nal goal-setting technique is to set
goals for training and workouts.
Setting training goals keeps athletes
focused, alert, and “on-track” to
reach longer-term goals.

Developing Awareness of Race
Rhythm

Once a goal is set, then it be-
comes easier to know what pace
needs to be run during races. Know-
ing the pace of the race is the key
step in learning to understand the
rhythm of your race.

Why is rhythm important to

the 800 and 1500 meters? Rhythm |

15 the feehn__g that arunner has, both

) _p__ysma]ly and emohonally, that T~

am on on pace.” As the 800 and 1500 -
eters are not all-out sprints and
require the ability to pick up the
pace or to adjust to other runners
in the race, a basic understanding
of rhythm is important for each
individual runner. This is only a
first step, as knowing one’s rhythm
also requires the ability to adjust as
needed to meet the demands of the
rage

Developing a Race Strategy
Although these ‘two races are

fairly short, they each have key
components that need to be con-
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sidered when developing a strategy
for competition. Having a strategy
that is clear and has some built-in
flexibility allows an athlete to go
into a race with confidence and
composure. The calmer and more
confident an athlete is going into a
race, typically, the smarter race he
or she will be able to run. There
is a danger with the 800 and 1500
meters of just going along with the
crowd. If an athlete is just “holding
on for dear life,” it will be difficult
to sprint during the final 100 meters,
or to respond with confidence to
changes in the race.

Developing Flexibility and an
Ability to Respond

The 800 and 1500-meter races
are races of planning, patience, flex-
ibility and an ability to respond with
confidence to changes in the race.
; Training an athlete to be mentally
flexible and feel confident in his /her
ability to respond to surges, sprints,
or a slow pace at any time during
a race can help the runner perform
under control.

Mentally Coping with Pain

Of course running can be a
physically painful process for all
track and field competitors, espe-
cially during the final 50 meters
if muscles become so tight that
an athlete “ties up.” The 800 and
1500 meters, in particular, require
an ability to adjust to the pace and
to deal with physical pain as lactic
acid builds up in the muscles. As
noted in the introduction, being able
to mentally push yourself through
physical pain to get to the finish line
can mean the difference between
going to the Olympics or staying
home, even for top athletes.

APPLICATION OF THE
BASIC COMPONENTS
TO TRAINING FOR THE
800 AND 1500 METERS

Mental Training During Practice

Ithasbeen said, “practice makes
perfect.” This applies to both the
physical and mental components of
racing. The following strategies can
help an athlete develop increased
mental skills specifically in the
middle distance races.

Developing awareness of pace.
Workouts should be designed to al-
low athletes to experience and feel
their race pace. Allowing athletes
to acknowledge and feel the pace
of the race will allow them to learn
their goal pace. Throughout the
season, this goal pace adjusts as the
athlete gets physically faster. Dur-
ing practice, it is important to share
with the athlete what pace he/she
is running. Providing information
on the goal of the workout, and on
which intervals are designed to help
runners feel the pace of the race vs.
intervals that are faster than the
pace, will help them become more
aware of what their body feels like
physically.

Sprinting through pain. It is
common for workouts to end with
fast sprints. For 800 and 1500-meter
runners, this strategy is helpful for
them to feel their body as it may feel
at the end of their race. In order to
help them mentally prepare, set the
stage with your athletes by taking
a moment to have them stop and
visualize being at the end of a race.
Give them a verbal prompt such as:
“Now, you are at the end of your
race, you have run hard, you are
relaxed and in good position. These
sprints are for you to practice rac-

ing the last 100 meters.” Oftentimes
we expect athletes to sprint, but we
have not mentally prepared them
to have confidence that they can
sprint, even though they are tired
or have tight muscles.

Practicing surges during work-
outs. Many ways exist in training
to practice surges during workouts.
Surging can be practiced during
intervals or during longer road-
work. The mental aspect of surg-
ing is just as integral to improving
race performance as the physical
effects of surges. In order to surge
on demand, athletes need to be
aware of cues in their surroundings
that signal a change in the pace. If
a runner is too narrowly focused
on his own performance, then he
may miss an important cue from
another racer that it is time to shift
the pace. One strategy during prac-
tice is to simulate racing conditions
by “surprising” your athletes into
a surge mode so that they cannot
always predict when they need to
shift their leg speed.

Setting Up a Mental Imagery
Script

_When developing an imagery

script for the 800 and 1500, it is o

lmportantmto break the race into

stages. The main stages of each

"'race include: start p051t10n man-

_tlon surges and the klck Image TY

scripts that contain cues for all
senses, including visual, hearing,
touch, taste, smell, and kinesthetic,

are most helpful to the athlete in_
_enhancing performance (Orhck

1985) Research has also fourid that
‘several other factors are important
when developing an imagery script,
such as physical awareness, envi-
ronmental awareness, task skills,

timing, emotional awareness, and
an “Ifeel myself running” perspec-

“
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Imagexy for Starting Position

The 800 meters has a protected
first turn, which is important to

consider. Write an imagery script

that focuses the racer on his or her
specific pace. Specifically, address
what the runner should physically
feel like during this beginning turn
to be in an ideal placement when
merging together at the turn with
the other competitors.

The 1500 meters starts on the
straightaway with the competitors
looking forward. Often the 1500
meters is crowded on the starting
line. A racer should imagine himself
or herself responding to the gun,
going straight rather then directly
to the curb, feeling the elbows and
breathing of runners all around, and
confidently getting set in a place-
ment position that fits the racer’s
goals.

Imagery for Maintaining Race
Position

The 800 meters is fast and an
athlete could easily lose touch with
the front runners if he gets stuck in
the back of a pack. Imagining po-
tential race position (front, middle,
back) and how to move into another
position is a key to racing a fast
800 meters. The 800 meters can
be a rough race with elbows and
bumping, especially in international
competition. Imagining responding
tobumps or elbows calmly and with
quick return to being in control can
lower arousal and help maintain an
athlete’s concentration.

The 1500 meters has two laps
to maintain pace and prepare for
the finish. It is critical to establish a
position goal for each lap with imag-
ery centered around staying in this
position. Imagining oneself moving

5 CinRy s
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into position on each lap will help
the athlete be more in control of
the race. The third lap of the 1500
meters can often be the “slow lap.”
Imagery work on this third lap can
help a runner experience running
through tiredness, surging to pick
up leg speed, and staying focused
on the race.

Imagery for Surging and
Sprinting

For both the 800 meters and the
1500 meters an athlete should prac-
tice imagining initiating a surge, re-
sponding to a surge, and kicking the
final 100 meters. Imagining oneself
initiating a surge in the race with
control and confidence will help an
athlete surge to meet race strategy

A good kick is strong, confident, relaxed and fast.

goals. However, as athletes race
others who have their own strategy,
it is just as important to imagine
making the necessary adjustments
in leg speed to respond to another
athlete who surges earlier during
the race. Think of the cues of other
runners that will signal surges. For
example, when you focus on the
back of the person in front of you,
you might notice a speed-up in
arm pumping indicating a surge.
The key to responding to surges
is to predict that they will happen
and feeling confident that you can
respond physically.

Allracers kick in the final meters
of a race, however, all racers do not
mentally practice kicking strongly
on the final straight. Imagery prac-
tice that includes the 100-meter
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straightaway can be the difference
between going to the Olympics
and missing a spot on the team.
A good kick is strong, confident,
relaxed and fast. Mentally imagin-
ing these components in addition
to practicing the sprint physically
can help an athlete finish the race
with confidence and strength.

Imagery for Race Strategy

In larger competitions, the 800
and 1500 meters often have several
heats. Placement, not time, often
becomes the goal in these heats.
Imagining placement, surges and
the necessary kick is important to
having a confident race strategy.
Also, planning goals for each heat
is an important ingredient. It takes

" time, but it is worth the effort, to
mentally imagine how to race each
heat.

IDEAS FOR COMMON
RACING ERRORS

The Error of Sprinting Too Early

Both the 800 and 1500 meters
are races of patience. Being patient
may mean not sprinting from the
starting line too fast, leaving the
competition behind, at a pace that
an athlete cannot hold, or holding
on to the sprint speed until the last
100 meters. The error of sprinting
too early often ends in an athlete
not having “enough” to get them
through the finish line at the same
pace with which they started, or
worse, tying up and losing ground
to other racers. .-

The Error nf Settling in to a
[ Slow Pace

A racer can start out at a slow
pace and have difficulty picking

up the pace when the race begins
to quicken. This can occur during
heats when racers are attempting to
save their energy, or at qualifying
meets when place is the important
outcome rather than race time. It
is not uncommon for a big name
athlete who knows that he has a
torrid kick to set a slow pace in
hopes that the other racers will settle
in and not be able to match his kick
at the end of the race. To deal with
this error, utilize these mental skills
components. First, set goals for the
race. Next, prepare mentally for
the challenges of switching gears
physically. Finally, use imagery
techniques to build confidence to
take charge of a race when neces-
sary so that a racer can control the
pace to utilize his strengths.

The Error of Not Knowing the
Competition

Competition in this sense in-
cludes the race site, level of com-
petition, level of freedom to move
around, number of heats, and char-
acteristics of other racers. While at
a World Junior Championship, one
1500-meter runner stated, “It does
not matter, I don’t care who is in
the race, or what I run, I just want
to finish.” Another runner said, “I
know some of the runners will be
fast, so I will let them go. I know a
couple of the runners who I can keep
up with that will lead me to a good
race. [ am not sure if I will make the
final, but I will at least run a good
time.” The difference in the outcome
of the races of these two runners
can be surmised: The runner with
knowledge of how he/she fits in
with the competition had a goal
he could reach, ran that goal, and
felt good about his performance.
Resist the urge to avoid “knowing
anything” about your competition.
This impedes your ability to set

realistic goals and make a plan for
a realistic race strategy.

CONCLUSION

In conclusion, setting up a com-
prehensive mental training program
for athletes in any sport is a key to
peak p;erformance and maintain-
ing consistency of performance
over time. For the 800 and 1500
meters, some specific components
can be integrated into the mental
skills training program to help the
athlete meet the unique needs of
these two fast, yet controlled races
with confidence. Good luck in your
racing!
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Winter Work: The
Foundation For All Seasons

This article is excerpted and adapted from a piece in the British publication, The Coach
(November/December 2004), and though it is directed at running in the U.K., much of it
applies to running in the U.S. and elsewhere. Lowes is a UKA-Level 4 coach, an Athletics

Development officer for Durham Sport, and chair of the BMC Coaching Committee.

The winter season for the
middle and long distance athlete is
a crucial period of training and de-
velopment no matter your goals.

For many middle and long
distance runners the winter is the
start of a lengthy phase of races on
various cross country courses with
many major races taking place from
~ January through to March. Other
athletes may treat the winter as the
start of the following summer sea-
son with the main aim to compete,
but to work mainly on strengths
and weaknesses that will produce
success later on the track. There
are even a select few who use the
winter to prepare for the summer
and who rarely compete and may
even abstain from competition al-
together.

Is running cross country essen-
tial for success in the summer sea-
son? Absolutely not. However, there
are many who compete throughout
the year at road, cross country and

track and some include indoors as
well. In this article, I'd like to take
a closer look at just how an endur-
ance athlete can maximize his or
her winter work to pay the greatest
dividends.

THE WINTER ATHLETE

First of all there are several
different categories of “winter”
athletes:

e Good at cross country, but poor
on the track

e Uses cross country as strength
work for the track

¢ Uses cross country as a pre-
paratory phase for the indoor
season

* Doesn’t compete at all, but does
higher quantity work with the
summer in mind

e Doesn’t compete initially, but
targets the indoor season with
extra mileage as preparation for

the outdoor season

¢ Some runners are unique, al-
though not rare, in that they are
equally good on all surfaces.

The fact that there are two
distinct running seasons for British
athletes—winter and summer—can
be put down to two reasons:

e The cross country season is
run mainly when the weather
is poor—cold and wet, not the
conditions for running fast times
on a track

* [tcanke thoughtof as a strength
phase and also a mental and
physical break from the rigors
of racing and training on the
track.

If an athlete were to prioritize
track racing all year round, it would
almost certainly lead to injuries
along with physical and mental
staleness. Therefore, the winter
allows athletes to readjust their

By David Lowes, U.K.
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training and work on strengths and
weaknesses so that come the better
weather of the spring months they
are in a position to test their fitness
levels in competition.

Athletes who use the cross
country racing strategy are usu-
ally 5000m and 10,000m specialists;
some 800m and 1500m specialists
are often reluctant to run over
such demanding terrain. There are
always exceptions to the rule and
some of the famous names who
have for the most part avoided or
run minimal cross country are ath-
letes such as Hicham El Guerrouj,
Gabrielle Szabo, Kelly Holmes, Seb
Coe, Wilson Kipketer and Maria
Mutola. Of course athletes such as
Steve Ovett, David Moorcroft, Paul
Tergat, Kenenisa Bekele and Paula
Radcliffe have thrived on the track
as well as the mud.

The best endurance athlete in
the world at the moment is 5000m
and 10,000m world record holder
Kenenisa Bekele. He is undoubtedly
a “runner’s runner.” He is simply
the best on any surface and he
runs in all three categories during
the year—track, cross country and
some indoor races.

The cross country athlete
needs to be very versatile, being
able to run equally well on bone-
dry flat courses, hilly courses and
also stamina-sapping mud baths
and sometimes a mixture of all of
those. Some of these courses will
be short laps with many tight turns
and most will have an open invit-
ing start which will mean starting
at breakneck speed. Either way,
cross country is a very demanding
sport.

THE WINTER BASE
PERIOD

If the winter is the start of prepa-
ration for the summer then many
imponderables have to be addressed
before embarking on eight months
of endeavor. Some of these are what
targets have been met, exceeded, or
not met at all and the reasons why
these have happened and, more
importantly, how any shortcomings
can be improved. Also, perhaps
more relevant is what are the targets
that are currently being pursued.
If the summer season has been a
success, does the athlete/coach try
to replicate the work that has been
done or try something slightly or
even totally different?

Personally, I think it is unwise to
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Cross country—taking it out at the start!
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try and duplicate exactly the work
done in a previous season/ year. The
reason is that the body feels and
reacts differently each and every
day and also to the sessions that
have been done. For previous work
to be productive you would have to
have the same amount of sleep, eat
the same sort of food, live the same
lifestyle and encounter the same
climatic conditions. All variables
that are very difficult to replicate.

What is more realistic is to in-
clude most of the successful work
and improve and adaptsessions that
fulfill the needs of the athlete at a
particular time. If the athlete has
beenill or feeling below par then the
coach needs to be creative in giving
the athlete something that deviates
from their plan until the athlete is
back on the road to recovery.

The same goes when the athlete
is injured: the coach needs innova-
tion in his or her delivery to get
athletes back to where they were
and then move them on quickly.
This usually entails psychological
techniques to make the athlete be-
lieve that any enforced break will
not affect long-term aims.

The winter is without doubt the
start for whatever facet of running
you choose, cross country, road
running, indoors or the ultimate
outdoor summer season. The tra-
ditionalists who maintain that for
success on the track you must run
cross country races don't really
understand the physiology behind
their reasoning.

If an athlete were to run 14
races in a winter season, this would
mean 14 races over an approximate
7-month period (28 weeks) = one
race every two weeks. However,
what makes an athlete great on
the track come summer is the
work done in that period of time
(196 days) which could mean 196
training sessions or even 300+ ses-

sions for the twice-a-day trainer.
Therefore, the gains in fitness by
one 10k cross country race are far
outweighed by the specific training
that could be done throughout the
winter period.

Although rest days or days
missed through niggles or illness
are as essential as hard training, it
is worth taking a different slant on
how many days you actually have
off from training. If you look at a
year’s training from the perspec-
tive of training six times per week
with one rest day, that adds up to
52 days off in that year. If you add
to that 2-3 weeks missed through
injury /illness then the total now
addsup to52 + 21 =73 days. Finally,
the traditional two-week break at
the end of the track season makes
the number of days “missed” or
“rested” = 87 days, which in terms
of weeks = 12.

It is worth taking this into ac-
count before starting to think about
your plan for the year/season. Rest
is good if it promotes performance
or encourages recovery, physical
and/or mental. There is a limit to
how much rest can be taken before fit-
ness diminishes or advancements can
be made. Obviously, some loss of
training is unavoidable and other
forms of fitness work may have to
be undertaken to maintain muscle
tone and aerobic fitness.

Over the winter months much
heavy work can be undertaken in
inclement weather and the distri-
bution of the work can go awry
if not planned carefully. At the
start of the winter work period in
September/October athletes can
be very enthusiastic to train hard.
This eagerness however can dimin-
ish quickly through boredom and
longevity of the season.

For many, the hard work com-
pleted in the winter months can be
wasted in the summer if the transi-

tion from one season to another is
not done correctly. Likewise, as in
the winter, the spring months—
where the athlete prepares for the
first track races of the season—the
enthusiasm levels are high and this
is when many do Personal Bests
through pure anticipation and
ebullience. Even though the track
season is comparatively short, form
can be lost very quickly through a
lack of application, both physically
and mentally.

Athletes should come out of a
winter season much stronger than
ever before, that is, with much better
endurance levels than previously.
They should also be in a position to
start to run faster than before due to
increased levels of work and tests
throughout the winter. Many ath-
letes lose their winter gains through
inappropriate training in the sum-
mer by neglecting the emphasis on
endurance and concentrating solely
on “short” speed.

More athletes get disillusioned
more quickly in the summer season-
than in the long winter months
through tougher, more intense ses-
sions which lead to higher levels
of fatigue. Some of these sessions
include increased anaerobic work
which is not only faster but with
much shorter recoveries and all
are usually against the stopwatch.
Therefore, if targets are not being
met on a regular basis then con-
fidence levels and self-discipline
can drop dramatically, and if com-
petition outcomes are poor, many
inappropriate thoughts can occur
leading to total apathy and disil-
lusionment.

Current targets in the winter are
obviously cross country competi-
tions and these can be short-term
(immediate races) or medium-term
(future races). Indoor competi-
tions are medium-term, allowing
a three- or four-month training
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period before competing in January
and February. Longer-term targets
are in the following summer track
season and this allows 7-8 months
of thorough preparation to excel in
specific events.

For realistic targets to be met -

over the winter some solid criteria

need to be set before training begins

in the new season:

e What things did I do well in the
previous season?

* What things did I not do well
in the previous season?

e What things did I do satisfacto-
rily but that can be improved?

For the middle distance and
distance athlete these might be
categorized as follows:
¢ Endurance and cruising speed

good, Personal Bests improved
e Sprint finish poor
* Tactics reasonable, but room for

improvement.

CHANGE OF PACE
NEEDS TO BE
ADDRESSED

These are some of the points that
require consideration when setting
out the winter plan, and a number
will need more attention than oth-
ers. If we consider the perfect plan
that will deliver peak performance,
then positives and negatives need
to be worked upon in varying de-
grees.

Although the winter season is
around 28 weeks in duration itis not
as long as it may seem if problems
are encountered. Injury or illness in
this period can quickly pass with a
loss of the work that is necessary for
success. This may mean using the
end of the winter or early spring
as a phase of “winter” training
until fitness levels are suitable and

starting the “summer” training in
mid-season with the main target to

 just get one or two PBs.

If the athlete struggles with
sprinting at the end of a race it is
probably down to two things: ei-
ther the athlete lacks the necessary
speed to sprint or the athlete cannot
produce a finishing sprint due to
a lack of endurance. Both can be
improved in varying degrees over
the winter with endurance being the
easiest to develop. Short sprinting
speed can be subdued by genetic
make-up, but any advancement in
speed needs to be given priority
throughout the winter.

It may even mean training with
a sprint group once or twice a week
for the whole 28 weeks. After all,
there are no medals for leading
any race over any distance with
the finishing post in sight and then
getting passed by the opposition.
This is one area—speed—where
endurance athletes are reluctant to
change from the norm, yet it is one
of the most neglected, yet beneficial
ways of improving performance in
competition.

Most athletes tend to think
about speed in terms of the sum-
mer months, but why take months
to get it and then put it on hold
throughout the winter? If you want
to improve speed you need to develop
it in the winter months. This may
not necessarily mean running fast
all of the time and may require the
enhancement of other facets which
will improve speed such as improv-
ing running style and efficiency,
strengthening of physical deficien-
cies, e.g., quads, hamstrings, calfs,
core strength, flexibility and mobil-
ity, drills, circuits and weights.

One of the biggest frustrations
for athletes is not doing the neces-
sities to develop physically in the
winter; they perform at exactly the
same levels in the summer months

and therefore there are few if any
PBs at all when they want them.
Providing development is feasible
due to age, and a clean bill of health,
etc., it is a transgression not to be
in a better position physically and
mentally than the previous sea-
son.,

If Speed needs to be maintained
and nurtured during the winter,
the methods of practicing it may
be different from the summer
sessions due to the colder, inclement
weather. If standard sessions in
the summer are 12x400m in 58sec
with 60sec recovery or 2(5x400m)
in 56sec with 2min recovery, then
to develop and encourage speed
in the winter months similar or
alternative sessions must be done.

Weather conditions must
be reasonable to deliver quality
sessions, but the athlete can’t keep
putting off doing sessions if the
weather is poor (itis a fact that many
athletes thrive because of the adverse
circumstances). Many elite athletes
are lucky enough to be based at
or near a high-performance center
where these speedy sessions can be
done indoors. Others go to warmer
climates in the winter to be able to
carry out these sessions.

However, it needs to be
understood that even if our weather
was good all year round, to excel in
the track season would still require
a season of endurance running to
recuperate and reevaluate rather
than trying to keep the quality
“summer” sessions going all year
round.

If the summer-type sessions
mentioned are deemed unsuitable
or impracticable for winter work
then speed elements need to be
added as “bolt-ons” to the main
session of the day, e.g., 6x1000m
+400m at the start and/or end of
that work at maximal speed.

The first 400m would be defined
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as speed work, whereas the 400m at
the end would be a speed endurance
element which would create high
lactate levels due to escalating
fatigue levels. Similar sessions done
on a regular basis will keep speed
levels intact during the winter and
it is always wise to finish off the
main session with 50-100m sprints
to maintain speed and cadence. It
is also worth remembering that hill
work, depending on the length, is in
actual factspeed work, only against
a resistance.

Those running anindoor season
need to implement speed at an
earlier stage in the winter, along
with the heavy endurance work.
Levels of speed work will be
different for specific events, e.g.,
800m will be much more speed-
oriented than will 3000m. Once the
indoor season is over it is imperative
to go back to early winter endurance
work before embarking on the
pre-summer work to reinforce
the elements needed for a specific
event.

Speed is vital for cross country
runners as well, especially if they
aspire to world levels. World Cross
Country male medalists not only
need to be capable of running
faster than 13 minutes for 5000m
and 27 minutes for 10,000m; they
need to capable of doing those
performances in March.

If you are a summer track
specialist then the winter work
gives you the capability to produce
the performances when you want
them most. As the weather improves
in the spring it is then that the
specific training begins and with the
improvements gained through the
cold winter months it is expressed
in better sessions which are faster,
better in quality through shorter
recoveries and more repetitions. -

The winter can be viewed as
a development and enhancement

Whether you run
cross country
or not, winter

training supplies

the foundation
for peak-season
competition.

phase while the spring is the time
for preparation and fine tuning
while the summer is where all
these elements are put together for
the delivery of peak performances.
Therefore, it is without doubt that
the winter is the key phase for all
seasons and all forms of endurance
running and can be defined and
addressed as follows:
* Training phase for cross country
(September to March)
¢ Training phase for indoor season
(September to January)
¢ Training phase for summer sea-

son (September to March)
¢ Training phase for a spring
marathon (September to April)
* Training phase to work on
strengths and weaknesses (Sep-
tember to April).

Whatever phase you fit into, it
is undeniably an essential pathway
to success and cannot be neglected.
Winter training doesn’t necessarily
mean cross country running but it
is without doubt the foundation
work for whatever category you
aspire to.
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SPECIAL

Al the training in the world
wil be wasted if you don’t
show a bit of tactical nous
when the gun goes off.
Here’s the low-down on how
to run your best race

.--...__

By Owen Anderson
Ploto by Allsport

ou've done your intervals and t¢mpo

—! work, you've completed your long runs.
Now you're ready for the big (day -

the 10K, half-marathon or marathon You've

been looking forward to for so long. You're
in great shape and ready to run, so don't

spoil your chances of a PB by neglecting to
do the important — but often forgotten - Tittle /
things’ which will ensure a successful eﬁortf

THE PERFECT WARM-UP
A warm-up should do much more than just
loosen your hamstrings and unkink your
Achilles tendons: it should raise leg-muscle
temperature and heart rate, push blood and
oxygen towards your leg muscles, fire up your
nervous system, enhance your coordination
and increase your desire to work hard.
First, prepare your body by flexing,
extending and rotating your key joints, starting
with the fingers and working in through the
wrists, elbows, shoulders, neck, lower back,
hips, knees, ankles, feet and toes. Flow
smoothly from joint to joint, performing 810
flexions, extensions and rotations at each area.
Then walk (forwards and backwards) for
30m, skip (forwards and backwards) for 30m,
side-shuffle (to the left and right) for 30m,
jog (forwards and backwards), grapevine-run
(moving sideways by letting one foot cross
in front of and then behind the other), jog

50 RUNNER'S WORLD B SEFTEMBER 1996

while doing bum kicks, and then while doing
windmills with your arms. You should be in
motion for 810 minutes altogether.-

 you need to do any static stretching, do
it now. Then start some quicker movements.
Focusing on a smooth, fast, rhythmic foot
strike, stride for 60 metres or so at about 80
per cent of maximum speed. Rest for a few
moments and then skip quickly for another
60 metres. Stride and skip once more, rest
for a minute, and then perform two acceler-
ation runs of about 50 metres, during which
you start slowly and accelerate to around 90
per cent of maximum speed.

Plan this routine so that it ends just a
few minutes before the race start. Then stay
in motion (ogging on the spot if necessary)
until the gun goes off, so that your heart rate

doesn't drop below.120 | minute or
so. (If it does, research suggests that your
performance may be slower.)

THE CRUCIAL TWO MINU
Although_ the first two minutes after the/

your fate. Most runners go off
because a powerful blend of adrendli
excitement prevents you from few i

you're running far too quickly. But if you do,
you'II pay for it, as increases in intramu

a your legs will inevitably lead to

some lethargic later miles.
Concentration and patience are the’keys:
stay relaxed and focus totally on i

up to your goal pace.
The second mile should be the anchor
point for the rest of the race. By the first mile
marker, you should have settled oornfonably
into your planned pace: your job is simply to
hold this pace tenaciously until you reach
the two-mile point — and then to proceed to
the third mile at the same speed. Starting
cautiously and zeroing in on goal pace in the
second mile is critical, because studies show
that 10K racers tend to run the third mile of
the race at the same speed as the second. If
you go too fast during the first mile, you
probably won't be able to run the second

mile at goal speed; thus your third mile will
also be too slow, and your chances of a PB
will be slim indeed.

To develop a strong feel for your goal
pace, make sure that you've done regular
training sessions during which you run
800m at what you think is your goal pace. At
the end of — not during - the 800m, check
your watch to see if you've actually been
running at that goal speed. Rest for a bit and
then run 800m again, speeding up or slowing
down according to how the first interval
went. Most runners can do about six of these
‘pacecheck’ intervals per session.

Bear in mind that easing into race pace
is also extremely important in the marathon.
Studies show that marathoners who exceed
average race pace by two per cent
during the -opefiing- miiles haveMhe highest
risk of glycogen deplétion and th biggest
chance of hitting the wall.

Don’t worry, a cautious first n’u}e won't
hurt your chances of a PB. Studies d,Jggest
convincingly that negative splitting (| i
the second half of your race faster

More precisely, research shows that
scheme (ie running the first half of
in 51 per cent of your total time /2

previously been an even or poditive splitter.
The cautiousirstmile schemeoutlined above

should bring you home in about 5149,

WHEN TO MAKE YOUR MOVE
Of course, you hope youl feel so great during
the second half of the race that you'll be able
to increase your speed beyond goal pace and
set a remarkable tim when should you
put the pedal to the metal?
until you've covered five miles befo
the accelerator, or four-and-a-half if
really feeling good. In a halfmarathon
can gradually step up your speed after eig]
miles or so. In a marathon, wait until the last
two or three miles,

7 If the race feels tough throughout, save
yGur surge for the final 800-1200m, a short
enough distance for a little mental toughness
fo be able to help you deal with a lake of
’lachc acid in your leg muscles. To become a
feared kicker, imitate the Kenyans; do train-

g sessions in which vou run for 456
inutes until fatigued, and then zp along 4t
a\brisk pace for three-quarters of a mile. /

If you follow these tips, you'll be able

ﬂij e all the power and efficiency you ve
in training, and you'll head” home
wnh a -;hm} new PB to brag about_f |

-
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Fdlowing the disappointment of the Seoul Olympic 1500m, a
rece severely affected by injuries to several of the leading con-

\ders, the 1500m in Tokyo was eagerly anticipated. Again,
hwwever, Injuries took their toll. Peter Elliott, the
Ce:mmonwealth champion and winner of the 1991 Dream Mile
InOslo, never even got as far as the heats. He returned home
to Britain after aggravating an Achilles tendon injury while
training in Japan. Another who had to scratch was Abdi Bile
ofSomalia, the reigning world champion. Elliott’s compatriot,
the 1983 world champion Steve Cram, was eliminated in the
- ami-finals, as was Olympic gold medallist Peter Rono of
acnya, while Moroccan world record holder Said Aouita - who
hed made a promising comeback following surgery for com-
partment syndrome - lost contact with the leaders when the
pece increased on the last lap.

What a fast last lap that was, for Noureddine Morceli, the 21 year-
old Algerian who won the world indoor file and has been unbeaten at
the distance all year with three runs between 3:31.00 and 3:31.01, sped
around the final 400min 51.54. His winning time of 3:32.84 took almost

.7 seconds off Bile's championship record and his winning margin of
exactly two seconds was the biggest at this level of championship rac-
ing since Kip Keino's runaway win over Jim Ryun in the 1968 Olympics.

The race was not particularly fast in the early stages as David Kibet
ofKenya led through 400m in 58.02 and 800 in 1:57.43, closely fol-
lowed by Morceli who went ahead shortly before the bell, reached in
2:41.30. His acceleration left his rivals floundering. He floshed past the

1 ?OOm mork in2: 54 10 @ 8 for that IDOm] with a Fve metre advun-_

who had b beo!ert him for the world |un|or tifle ihree yeurs ago. A German
duel for the bronze medal resulted in Hauke Fuhlbrigge pipping
European champion Jens-Peter Herold, who paid the penalty for cele-
brating too soon.

Morceli, whose world title came one day after Hassiba Boulmerka,
in the women's 1500m, became Algeria’s first ever winner, remarked:
“I am not very tired, because | am used to running fast. Aouita has been
ha athlete of the eighties, | will be that of the ninefies.”

Heors (Aug 29) (First & & 4 fastest to sami-fingls) Ht 1; 1, Morceli 3:43.45; 2, Benita 3:41.88; 3, Acuita
3:43.93; 4, Rono 3:44.37; 5, Scammail 3:44.80; &, Svemison 1:44,66; 7, Cram 3:44_69; B, Karol Dudq POL 3:44.89 . 9,
Mbigyani Thee BOT 3:45.04; 10, Edgar da Olresira BRA 3:45.59; 11, Alex Geisshuhler 5U| 3:46.38; 12, Terrance Hevrington
USA 3:47.28: 13, Dale jones ANT 3:55.41; 14, Lucas Eningo Elonga GEQ 4:1.24; Abdi Bida SOM DNS [400m: Reno
$3.54; B0Om: de Ol 2:07.54; 1200m: de Oliveira 3:04 44); Hi 2: 1, Havold 3:41.21; 2, Gonzdlez 3:41 48; 3, Doyle
1:41 50; 4, Thibaut 3:41.50; 5, Kirochi 3:41.64; &, Tuwh 3:41.77; 7, Guidbarg 3:42.00; 8, Melnkov 3:42.15; 9, Leki
Ortire TUR 3:47.86; 10, Luis Nuder DOM 1:48.54; 11, Fobion Fronco GIB 4:03.94; Dasude Kassougue MTN, Han Kulker
HOL & Jim Spevey USA DNS (400m: Gukdbarg 60.38; 800m: Gukdberg 2:00.95; 1200m: Doyle 3:00.36); He 3: 1, Kibet
3:38.07; 2, of Bur 3:38.29; 3, Cocho 3:38.31; 4, Sha 3:38.37; 5, Di Nopehi 3:38.43; &, Fuhlb-igge 3:38.45; 7, Sulriman
3:38.39; B, Yo 3:39.30; 9, Okwyama 3:40.35; 10, NTromba 3:41.05 NE; 11, Alemayshy Roba ETH 1:42.74; 12, Josk
Loper VEN 3:45.61; 13, Luat Martinar GUA 3:46.39; Joa Folcon USA ONS [400m: Roba 58.36; 800m: Suleiman 1:57.54;
1200m: Sulainan 2:57.08] Cram reinsomd after prosest

Semi-Fingls [Aug 31] (Fiest 5 & 2 fastest ta final) Ht 1: 1, Morceli 3:39.70; 2, Krochs 3:40.73; 3, Cocho 3:40.83;
4, 03 Nopok 1:40.84; 5, Shea 3:40.94; 6, Yohs 3:41.74; 7, Fuhlrugge J:41.41; 8, Pater Rono KEN 1:41.74; 9, Rochid ol
Bair MAR 3:47.89; 10, Mioel Svenmon TWE 3:43.69; 11, Jodo Nhomba AHO J:44.64; 12, Pot Scommell AUS 2:45.17
{400m: Oi Mapol 40.91; B0Om: Di Mapali 2:03.95: 1200m- Oi Mapaii 1:01.53); Ht 2: 1, Herold 3:41.23; 2, Acuta
341 45; 3, Sulsiman 3:41 48; 4, Doyle 3:41.52; 5, Kbet 3:41.54; &, Tea Benito ESP 3:41.61; 7, Stev Cram GBR T 47
8, Josi Luss Gongélet ESP 1:41.71; 9, Dowide Tirwlli ITA 3:43.08; 10, Mogens Guldberg DEN 3-44 3d: 11, Sergey Malnikav
URS 1.44.62; 12, Poscol Thiébaut FRA 3-45.18; 11, Mitshira Cluarma JPH 3:49 96 (400m: Crom 67.20; 800m Cram
2.01 83, 1200m; Crom 3:01.42}

Suite @ la déception que provoqua le 1500m des Jeux
Olympiques de Séoul, course sévérement marquée par les
blessures des prétendants au fitre, c’est avec impatience que
Fon attendait le 1500m de Tokyo. Mais il y eut, la encore, des
victimes. Peter Elliott - champion du Commonwealth et vain-
queur du Dream Mile d’Oslo en 1991 - n"atteint méme pas les
éliminatoires. Il dut refourner en Grande Bretagne aprés
Faggravation de sa blessure au tendon d'Achilles lors de son
entrainement au Japon. Autre coureur qui di abandonner : le
Somalien Abdi Bile, Champion du Monde actuel. Steve Cram,
compatriote d'Elliott et Champion du Monde en 1983, fut élim-
iné en demi-finales, tout comme le fut Peter Rono (Kenya),
médaille d'Or Olympique, alors que le recordman du monde,
Said Aouita (Maroc) - qui avait fait un retour prometteur aprés
s'étre fait opéré d'un “compartment syndrome” - se fit distancer
par le peloton de téte alors que les coureurs accéléraient au
demier tour.

Quelle ne fut pas la vitesse du dernier tour de Noureddine Morceli,
I'Algérien de 21 ans qui remporta le fitre mondial en salle et qui fut foute
I'année imbattable en course de fond avec trois performances oscillant
entre 3'31”00 et 3’31701, courant les demiers 400m en 51"54. Ses
3'32"84 lui permirent de |'emporter avec une avance de pratiquement 4
secondes sur le record de championnat de Bile et son avance d'exacte-
ment deux secondes fut la meilleure des courses de championnat de
1500m depuis la course triomphante de Kip Keino sur Jim Ryun aux Jeux
Olympiques de 1968.

Au départ, la course ne fut pas particulierement rapide. Le Kényen
David Kibet menait au 400m avec 58702 et au 800m avec 1'57"43,
talonné par Morceli qui prit la téte peu de temps aprés le signal du dernier
tour en réalisant 2'41730. Sa pointe de vitesse désarma ses opposants et
celui-ci dépassa le 1200m en 2'54"10 (1278 sur ces 100m), avec une
avance de 5 métres. A I'arrivée, il avait 15 meétres d’avance sur Wilfred
Kirochi, le Kényen qui lui avait pris le fitre de Junior du Monde il y a trois
ans. Lors de la dispute des prétendants allemands & la médaille de bronze,
Hauke Fuhlbrijgge batiit le Champion d'Europe Jens-Peter Herold qui dut
payer cher pour s'éfre réjoui trop tot.

Morceli - qui remporta le titre mondial un jour aprés Hassiba Boulmerka
dans le 1500m féminin - devint le premier vainqueur algérien de tous les
temps. Celui-ci remarqua : “Je ne suis pas trés fatigué car je suis habitué
& courir vite. Aouita était 'athlate des années 8O, je vais étre celui des

années 90 ."

FINAL (SEP 1) .
ALG

1 Noureddine MORCELI 3:32.84 CBP
2 Wilfred KIROCHI KEN 3:34.84

3 Hauke FUHLBRUGGE GER  3:35.28

4  Jens-Peter HEROLD GER  3:35.37

5  Fermin CACHO ESP  3:35.62

& Mario SILVA POR 3:35.76 NR
7 David KIBET KEN 3:36.03

8 Gennaro DI NAPOLI A 3:36.56

9. Mohamed Suleimon QAT 3:38.12; 10, Matthew Yates GBR 3:38.71; 11,
Said Aouita MAR 3:39.49; 12, Simon Doyle AUS 3:41.54
(400m: Kibet 58.02; 800m: Kibet 1:57.43; 1200m: Morceli 2:54.10)
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Training the Track & Field Athlete Through
me K“the Energy Systems A Cu s

By Jack Ransone, Ph.D., Associate Professor of Human Performance
Oklahoma State University
USATF Coaching Education Level Il and Level III Instructor

[n track and field, as in many other sports, theorist and
practitioners reside in different camps with inadequate
communications. The blame rests with all of us. Coaches are
responsible for the effectiveness of their training methods. New
techniques allowed to remain in the minds of scientists or on
silent pages in trade journals do nothing for the leaders of track

and field.

American athletes, if trained correctly, are invincible. Our societal
system is second to none in producing motivated, aggressive and
self-asserted young men and women. Our scientific establishment
is totally superior in human, as well as material sources, in its
capacity to find quick answers to pressing problems. A carefully
planned meeting of these two institutions will one day produce the
greatest athletes the world has ever seen. We need to establish a
system that is already present in many countries of the world--A

coordinated mechanism of immediate dissemination of new
information from the laboratory to the track, and a trusting relationship between the coach and

scientist. Such a goal remains, as yet, a distant ideal in this country [ will address many of those
topics that remain lost in the halls of science.

There is no secret or mystery about the energy systems and their effectiveness when clearly \: !f
understood. Track and field coaches must understand the energy system capabilities and limitations

to design sequenced training programs. In teaching athletes to listen to their bodies during training
sessions, adjustments can be furnished in the sequenced workout with careful understanding of the

“energy system. It is my intention to provide the coach with a workout training system based on
# \ccurate scientific knowledge as it relates to the energy systems.

‘ Adenosine Triphosphate, or simply, ATP, is the immediate usable form of chemical energy for

muscular activity, This is one of the most irhportant of the "energy rich" compounds Whicl_is stored
i all cells, particularly muscle cells All forms of chemical energy available from the food we eat

must eventually be transferred into ATP form before they can be utilized by the muscle cell. The
amount of ATP in the muscle cell is limited and could be depleted in 1-2 seconds unless recharged to
mamtam muscular activity, thus, immediafe synthesis of ATP 1s necessary. AP supplies must be

Lept at peak concentration and must never fall below 60% of its resting levels for muscular acuwty

to continue. The three systems of metabolic pathways available to replace ATP concentrations are:
1) Anaerobic Phosphagen (ATP-PC) Energy System, 2) Anaerobic Lactate (Glycolytic) Energy
System and 3) Aerobic Energy System.

An energy rich compound called Creatine Phosphate (CP) is present in the muscle cell. This

compound is used for the immediate resynthesis of ATP following high intensity exercise. The
—_— g -
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amount of ATP that can be resynthesized can last for 4 to 5 seconds. Remember, the 1 to 2 second

supply from ATP stores, so collectively, you have about 5 to 7 seconds of ATP production. This

system is referred to as the Anaerobic Phosphagen Energy System with no oxygen used to produce

energy. To challenge this System, high intensity, workouts of 4 to 7 seconds are necessary. For_| ‘
' Sx_ample,’?ﬂﬂo 50 meters of maximal sprinting or 3 to J repetition-sets of weigl_lt!ifting_._ < S\""_S

High intensity work (Sprints) involves moving the limbs at the highest possible velocity. More .
specifically, it involves the selective recruitment of motor unit pathways to improve the efficiency ék”%ﬁ <

and firing of correct motor units that are available depending on the TYPE, INTENSITY. and

.DURATION of work executed. This motor learning must be rehearsed (practiced) at high speeds to
develop and implant the complex recruitment for synchronized firing of these motor units. Points

~ that must be followed in the training sessions: 1) the s eed co
: should be trained when no fatigue is present, 2) most athletes require 24 to 36 hours of rest with low

intensity work before doing maximum speed work again, 3) work sets of around 3-4 repetitions with

2-3 minutes recovery between repetitions, and 8-10 minutes recovery between sets is recommended
for maximum results to occur, 4) the time period necessary for the proper resynthesis of ATP and CP
recovery rates for CP resynthesis and 5) four (4) sets, involving 600 meters (ie. 4x4x65m) in total
distance in a practice session is sufficient to stimulate this system. ’

5
e’

Q The demand for energy (ATP) dictates which energy system will be challenged. The muscle will
adjust to the necessary energy system. To challenge the lactate (glycolytic) system, the breakdown of
glucose or glycogen anaerobically produces energy plus Jactate and hydrogen ions (HT). When the

~demand for energy exceeds the body’s ability to produce energy with oxygen, the muscle will '

become acidic. The presence of hvdracen i ‘1 makes the muscle acidic which will
ydrogen 10N 15

eventually shut down the system. For each lactate formed, one corresponding
Tormed. This system operates in the muscle cell and its chemical reaction is: GLUCOSE + Pi + ADP
+ ATP + LACTATE + H+. o

The formation of lactate is not necessary for the delivery of energy, but it serves as a storehouse for
the hydrogen, and thereby, keeps the reaction going. Under anaerobic conditions, the accumulation
L

of hydrogen ions is the limiting factor causing fatigue in runs of 300 to 800 meters. :

The task now is to link this scientific information for design of accurate aadwerking methods to

_developing training sessions for the lactate energy system. Distances 11300 tp\Q00 meters may be
used b%,: coach?E % % high lacfm'_g %E& [t is necessary to mentally an sically prepare to do this
type of work due to the possibility of injury. High quality lactate work can shock the body and the _ f NN
central nervous system. Thus, loads (Total Distance and Volume) and intensities (Percent of ———
Maximum) must be progress e For example, sequencing to prevent injuries

may be achieved by planning each day of the week of an entire year. Each workout is a single unit of
preparation designed to produce a desired result and each session is more demanding than the

previous.

. The duration of

Recovery sessions from high quality lactate work must be sequenced in a set pat
conds of

the exercise bout should be representative of the ration of recovery. If you hav€ 60
 o_exercise (400m), recovery should be 120 seconds (I you wish to have a 1:2 ration. Other examples _ s o o
gg are 1:1.5, 1:1@pernding :rﬁoa[ of the training session. Prior knowledge of the athletes' work // AR
capacities and prior experience I8 Tal 1n dictating the load and intensity in each unit. A first
vear athlete will not work at the same level that a fourth year athlete would. To fit into a "real live"
training session, for example, the athletes on the same team would run the same distance and time on

the interval (ie., 60 seconds for 400m). The novice athlete would rest (jog during rest) on every other
repeat to fully recover from the high lactate work (a 1:4 ratio). The veterans would run at a 152

ration, since they are experienced and have developed the fitness to tolerate this high lactate work. g )
Thus, allowing one coach to complete individual goals while training a large group. The intensity (ie.
60 seconds for 400m) is key to this type of training along with the recovery (a 1:4 or 1:2 ration). j}

hittp://www.coacheseducation.com/phys/EngSys.html 17/10/2004
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P : is sy after 50 to 60 § CLS

The accumulation of lactate in working skeletal muscle will terminate this system after 50 to 60
secinds of maximum effort. Although all energy systems basically turn on at the same time, be y——
wire that progressive recruitment of alternative pathways or systems occurs when one system is

a
challenged more heavily, since anoilier energy source has been depleted. Because of the very high
b 1 involved 1n the {actate system, in most cases, only | to 3 reps with full or near full 2

cCovery can be done twice a week. Only by challenging the Tight energy system will the desired
physiological change and improved performance occur. Understand, at times, less work gives greater R

revwards.

_Theﬁmw capable of utilizing proteins, fats and carbohydrates (Glycogen) for
resynthesizing large amounts of ATP without simultaneously generating fatigue by-products with

respect to sports. [t is easy to see that the acrobic system is particularly suited for manufacniring
ATP during prolonged endurance type activities. The intensity of the run dictates which energy

system will be challenged and the method of ATP production in the muscle.

[n the aerobic system, pyruvate from the glucose, glycogen and/or fatty acids (Stored Fats) are first
converted to acety] CoA, which is then oxidized to Carbon Dioxide (C02), and water (H20).

Oxi dation of acetyl CoA occurs in the Krebs Cycle (Citric Acid Cycle) and the electron transport
system located in the mitochondrian of the muscle wall. For each molecule of blood glucose
oxidized aerobically, 38 molecules of ATP are produced while muscle glycogen produces 39

" glucose because it takes 1 ATP molecule to transfer blood glucose into the cell._The energy

molecules of ATP. Muscle glycogen is capable of producing 1 more molecule of ATP than blood

_production in aerobic metabolism is 18 times greater than in the anaerobic system production o
ATE.

<

Note that for this system to function, oxygen must be available, hence the term aerobic. It is the
availability of oxygen in the cell Which determines to what extent the process is aerobic and

anaerobic. [f the acrobic energy system cannot supply enough oxygen (anaerobic), pyruvate becomes

a hydrogen acceptor and forms lactate. This is the critical step in the whole process when lactate
forms, since it will eventually shut down all the energy systems. Note that lactate levels can become 2

“quite high using 1 ince it borders on speed endurance and special endurance.

emembering that all energy systems turn onat basically the same time, intensive tempo running
makes high demands on both the aerobic and anaerobic, and thus, is a sharing system.

~
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Energy Demands and Event Specific Exercise
Training JF L J——

By Jack Ransone, Ph.D., Associate Professor of Human Performance

Oklahoma State University . _ o
USATF Coaching Education Level Il and Level III Instructor Pood—OS

[n athletics today, some coaches succeed and some fail.
What determines success and failure is dependent on many
variables and, in the words of one famous coach, "a little
luck." This article will examine the relationship between
energy production and exercise demands. ;

The three metabolic pathways by which the body can
produce ATP include: the anaerobic (ATP-CP) energy
system, the anaerobic lactate (glycolytic) energy system,
and the aerobic energy system. [n order to get specfic
adaptations from each of the energy systems, the coach
must scientifically design workouts to challenge them.
Anacrobic capacity is limited by the production of lactic
acid and the system's ability to tolerate or buffer these

acids. Anaerobic training involves high intensity work,
such as speed work, stressing the lactate system. Aerobic training is associated with the

capacity to deliver oxygen and the ability to utilize oxygen. In that vain, aerobic training
involves both intensity and duration, depending on whether the emphasis is on power or
endurance. The aerobic energy system is stressed by having athletes engage in
continuous, extensive, and intensive tempo runs. In particular, speed endurance and
special endurance workouts stress the lactate system in different ways, To summarize, if

%as a general understanding of the energy systems, they can more effectively
esign workouts that meet the specific energy demands for the events that their athietes—

compete in.

In either the aerobic or anaerobic energy production, the predominant muscle fiber type
is highly determinant of inherent capacity for energy production. In track and field,
various activities recruit different muscle groups. The physiological specificity of these
events is of utmost importance to training methodology. Furthermore, performance time
determines whether an event is primarily aerobic or anaerobic. Eor example, the

physiological demands of the 800 meter runner are radically different from those of a
5_ 000 meter runner.

A runner's ability to perform work is not the only function of his/her aerobic capacity
(VO2), but demands an efficient anacrobic energy metabolism. The demands for running
derive from aerobic and anaerobic sources. The relative contribution of each to the total
energy production depends on the demand of the actual event. To successfully design a
workout does not only require a knowledge of the energy systems. but how these systems
can be integrated together to form a full training cycle or session. One technique involves
Ctt [7/10/2004
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The accumuldgion of lactate in working skeletal muscle will terminate this system after 50 to 60
seconds of madmum effort. Although all energy systems basically turn on at the same time, be
aware that progrdgsive recruitment of alternative pathways or systems occug$ when one system is
challenged more h¥avily, since another energy source has been depleted. Because of the very high
quality work involveq in the lactate system, in most cases, only 1-to 5 reps with full or near full
recovery can be done Mice a week. Only by challenging the right enerfy system will the desired
physiological change and\improved performance occur. Understand, At times, less work gives greater

rewards.

The aerobic system is capable of utilizing proteins, fats and carffohydrates (Glycogen) for
resynthesizing large amounts of ALP without simultaneously £enerating fatigue by-products with
respect to sports. [t is easy to see thakthe acrobic system is pérticularly suited for manufacturing
ATP during prolonged endurance typeactivities. The intengity of the run dictates which energy
system will be challenged and the method of ATP produgfion in the muscle.

In the acrobic system, pyruvate from the glucdge, glygbgen and/or fatty acids (Stored Fats) are first
converted to acetyl CoA, which is then oxidizedNo Garbon Dioxide (C02), and water (H20).
Oxidation of acetyl CoA occurs in the Krebs CyclefCitric Acid Cycle) and the electron transport
system located in the mitochondrian of the musclg’ wall. For each molecule of blood glucose
oxidized aerobically, 38 molecules of ATP are pfoduce while muscle glycogen produces 39
molecules of ATP. Muscle glycogen is capabl¢/of productyg 1 more molecule of ATP than blood
glucose because it takes 1 ATP molecule to tpansfer blood ghycose into the cell. The energy
production in aerobic metabolism is 18 timeé greater than in th&anaerobic system production of

ATP.

Note that for this system to function, ox#gen must be available, hence ¥e term aerobic. It is the

availability of oxygen in the cell whiclf determines to what extent the proggess is aerobic and
anaerobic. If the aerobic energy systefn cannot supply enough oxygen (anadgobic), pyruvate becomes
a hydrogen acceptor and forms lactgte. This is the critical step in the whole pigcess when lactate
forms, since it will eventually shufdown all the energy systems. Note that lactate levels can become
quite high using intensive tempoAvork since it borders on speed endurance and special endurance.
Remembering that all energy syStems turn on at basically the same time, intensive ¥¢mpo running
makes high demands on both ghe aerobic and anaerobic, and thus, is a sharing syste

v A— | | N

.
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the integration of the energy systems and the energy continuum. The chart below
illustrates how the relative contributions of aerobic and anaerobic energy sources
contribute to energy production during various durations of maximal exercise.

Lactic Acid
’ ATP-CP Syiteis Oxygen Systems
L:’G 0 (10 (RO |30 (40 (|50 ||60 !70 80 (|90 {]100
JlAerobic
100190 -)I80 |[70 ;60 [i50 |40 |30 |20 |i10
naerob1 | _ .

How does the energy continuum help in workout design? Following the philosophy of

Dr. Joe I. Vigil of Alamosa, Colorado, elite distance running lecturer and coach, the

relationship between the demand for energy for each given event relates directly to the .

annual training program design. For example, an 800 meter running event requires e, ©

_approximately 30% aerobic and 70% anaerobic. The annual training load should = (),:a (
encompass 30% aerobic and 70% ahaerobic. This doesn't mean that these percentages o

should be incorporated in every daily training workout. The early general preparation,

possibly consisting of one 8 week period, may actually incorporate 90% aerobic and 10%

anaerobic workouts. The final peaking period may actually be made of 20% aerobic and

80% anaerobic. Again, Dr. Vigil's theory relates to annual training plan. If your 800

meter athlete runs 1500 miles a year, than 450 miles (30%) should be done aerobic and

1_050 miles (70%) run anaerobic.

=

How Would you train a 5000 meter runner? Almost the exact OPPOSlfC percentages in

2000 miles, then 1400 miles would be performed aeroblcally and 600 miles done

anaerobically. If this sounds ple, that's actually what it is-- very simple. Th_egt_%

of coaching#sawhen to increase or decrease these ratios within a given cycle and knowing
how to maogser ¢he athletes for signs of overtraining or injury.
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Albstract

Middle-distance athletes implement a dynamic continuum in training volume, duration, and intensity that utilizes all energy-
priducing pathways and muscle fibre types. At the centre of this periodized training regimen should be a periodized
nuritional approach that takes into account acute and seasonal nutritional needs induced by specific training and
competition loads. The majority of a middle-distance athlete’s training and racing is dependant upon carbohydrate-derived
erergy provision. Thus, to support this training and racing intensity, a high carbohydrate intake should be targeted. The
required energy expenditure throughout each training phase varies significantly, and thus the total energy intake should also
vary accordingly to better maintain an ideal body composition. Optimizing acute recovery is highly dependant upon the
immediate consumption of carbohydrate to maximize glycogen resynthesis rates. To optimize longer-term recovery, protein
in conjunction with carbohydrate should be consumed. Supplementation of f-alanine or sodium bicarbonate has been
shown to augment intra- and extracellular buffering capacities, which may lead to a small performance increase. Future

studies should aim to alter specific exercise (resistance vs. endurance) and/or nutrition stimuli and measure downstream
effects at multiple levels that include gene and molecular signalling pathways, leading to muscle protein synthesis, that result

in optimized phenotypic adaptation and performance.

Keywords: Periodized nutrition, middle distance, recovery, adaptation, supplements, performance

Introduction

The middle-distance runner is the most diverse
athlete in the athletics arena when it comes to the
utilization of a myriad of energy systems to supply
adenosine triphosphate (ATP) to meet energy
demands. Highly trained athletes can achieve 20
times resting oxygen uptake (I70,) values (Daniels &
Daniels, 1992), and in a 1500-m race athletes work
at ~115% of maximal oxygen uptake (I'/Ozm,u) for
approximately 4 min, with post-race blood lactate
concentrations exceeding 20 mmol 17! (Osnes &
Hermansen, 1972). However, ~60 and ~75% of
energy production is still derived from aerobic
sources in 800-m and 1500-m events, respectively
(Spencer & Gastin, 2001).

Thus, middle-distance athletes must develop all
encrgy pathways and muscle fibre types through a
dynamic continuum in training volume, duration,
and intensity. The remarkable diversity of training
stimuli is evident when examining athletes’ schedules
(Martin & Coe, 1991). During the aerobic develop-

ment phase a middle-distance athlete’s volume will
rival that of a marathon runner, but during the
competition phase, it will nearly mimic a sprinter’s
intensity. Moreover, most athletes undergo resis-
tance and plyometric exercises to develop neuro-
muscular and nervous system adaptations. This
understanding of the different energy systems, and
required fuels to produce ATP, must be taken into
consideration when recommending both acute and
seasonal nutritional intakes to optimize training
adaptations and race performance.

Therefore, the aim of the current review is to
outline nutrition recommendations during training
and racing specific to middle-distance athletes, with
an emphasis on the 800-m and 1500-m events. This
paper will focus on modemn science in conjunction
with practical training and racing constraints to
develop usable guidelines. Finally, some of the
limitations that athletes face, such as global cham-
pionship racing schedules, as well as some emerging
data on supplements and training adaptations, are
also explored.

Correspondence: T. Stellingwerff, Nestlé Research Center, PO Box 44, CH-1000 Lausanne 26, Switzerland. E-mail: trent.stellingwerfli@irdls. nestle.com
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Periodized nutrition for yearly periodized
training

Periodization involves the progressive cycling of
various aspects of a training programme during a
specific period of time into discrete phases, to
optimize the yearly training structure towards a peak
championship performance (Martin & Coe, 1991).
In short, the training stimuli during these different
phases can differ drastically in terms of intensity,
volume, and duration, and thus so do the types of
fuels that are used to generate ATP (Tables I and II).
A brief overview of energy systems, fuel utilization,
and associated muscle fibre types used during
exercise will set the structure for the subsequent
nutritional recommendations.

Energy metabolism

During the transition from rest to maximal exercise
intensity, the demand for ATP can increase
more than 100-fold in elite athletes, and carbohy-
drate provides the majority of the fuel for exercise
intensities exceeding 75% VOsmax. Carbohydrate
can act as a fuel for ATP provision for both substrate
phosphorylation and oxidative phosphorylation (also
collectively referred to as ‘“‘anaerobic” glycolysis and
“aerobic’® metabolism, respectively), while fat is
exclusively metabolized via oxidative phosphoryla-
tion (Table IT). Oxidative phosphorylation provides
the bulk of ATP provision during training of low to
moderate intensity, primarily utilizing fat as a fuel.
Fat can be provided in both endogenous muscle
stores (intramuscular triacylglyceride) and as fat
stored in peripheral adipocytes and released as
plasma free fatty acids. During low-intensity exercise,
primarily Type I slow twitch oxidative fibres are
recruited, which have a high oxidative capacity to
utilize primarily fat. However, during exercise that
involves increasing intensity, when ATP production
from oxidative phosphorylation cannot match the rate
of ATP hydrolysis, the shortfall in oxidative energy
supply is met by substrate phosphorylation. Substrate
phosphorylation provides energy via phosphocreatine
utilization, and the metabolism of muscle glycogen,
via the glycolytic pathway with lactate formation
(Saltin, 1990). During high anaerobic energy pro-
duction, there is an increased firing of Type Ila fibres.
These fibres have both a high oxidative capacity as
well as a large capacity for glycolysis, leading to an
increased reliance on carbohydrate as a fuel. Since
these fibres can provide energy via both aerobic and
anaerobic means, it is not surprising that elite middle-
distance runners have highly developed Type Ila
muscle fibre morphology (Saltin, Henriksson, Ny-
gaard, Andersen, & Jansson, 1977). Finally, at very
high workloads, Type IIb glycolytic muscle fibres

become activated to maintain the high demand of
ATP provision via anaerobic glycogenolysis (Table
II). This leads to the extreme levels of lactate
production associated with all middle-distance races
and many training situations. Therefore, middle-
distance athletes have several highly developed
energy-producing pathways that utilize different
blends of phosphocreatine, carbohydrate, and/or fat,
coupled with greater muscle buffering capacity, to
handle a range of different metabolic demands during
varying training intensities and racing.

General macronutrient recommendations

Carbohydrare. When exercising above 75% 15 (.
the amount of carbohydrate used during exercise
rises abruptly (Romijn ez al., 1993). During resis-
tance exercise, the body also relies heavily on
anaerobic ATP production, with declines reported
in muscle glycogen of 25-40% after a multiple-set
resistance exercise bout (Koopman et al., 2005).
Since much middle-distance training is performed
at or above 75% VOjmax and this dependency
on carbohydrate-based ATP provision increases
throughout the training year towards a championship
peak, carbohydrate-rich foods must provide the
majority of the energy provision. Bergstrom and
colleagues (Bergstrom, Hermansen, Hultman, &
Saltin, 1967) were the first to show that a high
carbohydrate diet results in augmented glycogen
stores, translating into an increased time to exhaus-
tion, compared with a low carbohydrate diet.
Conversely, low carbohydrate diets (3—-15% carbo-
hydrate) have uniformly been shown to impair
performance in high-intensity and endurance-based
exercise (Coggan & Coyle, 1991). Consequently,
recommendations have been made to endurance
athletes to eat a diet chronically high in carbohydrate,
which will enable longer and harder training sessions
to optimize the training adaptation. However, mixed
results have been published about whether a high
carbohydrate diet (60—70% of total energy) provides
increased performance benefits over a moderate
carbohydrate diet (50—55% of total energy) (Burke,
Kiens, & Ivy, 2004), and new evidence suggests the
possibility of conducting some training in a glycogen-
depleted state for improved adaptation and perfor-
mance (see “Future Directions”).

In dietary recall records, male endurance athletes
report consuming between 8.4 and 9.1 grams
of carbohydrate per kilogram of body weight per
day (g CHO - kg BW ~!.day '), which is within the
recommended range (Burke, Cox, Cummings, &
Desbrow, 2001). The diet of world-class African
runners is also predominantly carbohydrate
(Onywera, Kiplamai, Boit, & Pitsiladis, 2004). In
contrast, female endurance athletes report much
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Table I. Daily macronutrient intake recommendations during different yearly training phases.

Training phase

gm} /\_/-""‘" 2 //\:/ - wlr--” ] -
Bl £ 2 TN g RS
N —r——-t \

2 = = sintensity \—,___

g 2 m 12 " % t‘a pal 22 2 -3
Training weeks

General prep.

Specific prep.

Competition Transition/R&R.

Light Heavy Light

Heavy Light Heavy Light Heavy
Estimate weekly training volume
km - week ™! < 100 km =150 km <80 km > 130 km <70 km > 00 km <15 km =50 km
h-week ! 5-8h 10 h+ 4-7h 6-9h 3-5h 4-Th <2h 2-4h
Training intensity Low Moderate to high Tapered training Very low to complete
volume and intense rest
racing
Recommended daily macronutrient intake (g kg '-day™
CHO 7 10 7 10 7 10 4 6
FAT 15 2 1 15 0.8 1.2 1 1.5
PRO 1.5 1.7 1.5 | 1.2 1.5 0.8 1.2
Percent of total daily energy intake
%CHO ~60% ~66% ~T0% ~57%
%FAT stnu "‘-22“/0 e 180/:' “-'3200
%»PRO ~12% ~12% ~12% ~11%
Total daily energy intake
kJ ~ 13900 ~ 18900 ~ 12600 ~ 17600 ~ 11700 ~ 16600 ~ 8200 ~ 12400
keal ~ 3300 ~43500 ~ 3000 ~4200 ~ 2800 ~ 4000 ~ 2000 ~ 2000

Nete: Nutrition recommendations for a 70-kg athlete (adapted fro
Prep, preparation; CHO, carbohydrate; FAT, far; PRO, protein;
phase.

lower relative daily carbohydrate intakes 5.5¢g
CHO -kg BW™'-day '), and also lower values for
mean energy intake per kilogram of body weight,
than male athletes [170 kJ-kg BW ~'.day~ ! for
females; 230 kJ - kg BW ~'-day ! for males (Burke
et al., 2001)]. Hence, a greater emphasis needs to be
placed on helping females meet their recommended
carbohydrate and energy intake needs. It is also vital
during situations of high carbohydrate intakes that

athletes do not neglect the other important macro-

and micronutrients. Therefore, to maintain immune
function (Gleeson, 2002), recover glycogen storage
(Costill, Bowers, Branam, & Sparks, 1971), and
reduce over-reaching (Achten er al, 2004), a
habitually high carbohydrate diet (710 g CHO - kg
Bw—! ‘day_l) is recommended.

Faz. Fat provides fuel at a low to moderate exercise
intensities. Fat also provides about 4-fold more ATP
per molecule (~ 145 vs. 38 ATP) than carbohydrate,
but the ATP provision per litre of oxygen is about

m Burke er al., 2001, 2004; Tarnopolsky, 1999; Tipton & Wolfe, 2004).
k], kilojoules; keal, nutritional calorie. R&R, rest & recovery/transition

10% less when fat is the fuel than when carbohydrate
is oxidized. When oxygen supply is limiting, this
difference is critical. However, due to its energy
density, over-consumption of dietary fat can lead to
unwanted increases in body weight. The majority of
fatis stored in adipose tissue, but skeletal muscle also
stores a significant amount of fat in the form of
intramuscular triacylglyceride (IMTG). There con-
tinues to be considerable interest in the function of
IMTG as a fuel source during exercise (Watt,
Heigenhauser, & Spriet, 2002), and whether a lack
of post-exercise lipid intake can influence IMTG
content enough to limit endurance performance or
decrease the training load (Decombaz, 2003). Inter-
estingly, Koopman er al. (2005) recently reported a
27% decline in IMTG after a 45-min resistance
exercise protocol, which suggests that IMTG can
also contribute significant energy during intense
exercise. It was recently reported that a “fat-
adaptation/carbohydrate-restriction” protocol, in
which individuals consumed elevated amounts of
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lat (>4 g fat-kg BW ' -day ") while training for 5
days, followed by a carbohydrate loading day,
resulted in a decreased use of carbohydrate by
measured decreases in glycogenolysis and pyruvate
dehydrogenase activation (Stellingwerff et al., 2006).
This “‘glycogen use impairment” would most likely
decrease performance for a middle-distance athlete
by inhibiting glycogen breakdown and aerobic
carbohydrate oxidation via pyruvate dehydrogenase.
Therefore, it is currently not recommended for
middle-distance athletes to undertake any type of
dietary fat adaptation in search of increased perfor-
mance enhancement. However, fat is an important
component of a healthy balanced diet.

PLrotein. Protein serves several key functions, which
include roles as enzymes, the processes of cell
signalling, and as fibrous structural proteins that
comprise cell cytoskeletons and muscle fibres.
During endurance exercise, protein oxidation ac-
counts for only 2—-5% of total energy expenditure.
However, this proportion of amino acid oxidation
can increase when training at higher intensities,
during longer exercise durations, or when carbohy-
drate stores are depleted (for reviews, see Tarno-
polsky, 1999; Tipton & Wolfe, 2004). Since protein
(PRO) intake in excess of 1.7g PRO - kg
BW~'.-day ' has been shown to be oxidized,
Tarnopolsky (1999) has estimated that highly trained
endurance athletes who undertake a -large and
intense training load should ideally aim for between
1.5 and 1.7 g PRO - kg BW ! .day . Some athletes
(primarily females) are over-mindful of the benefit
that low body weight brings to performance, and
many believe that post-exercise protein consumption
may bring unwanted gains in muscle mass, ulti-
mately leading to weight gain. However, recent
evidence has suggested that the specific exercise
stimulus (resistance vs. endurance), rather than the
nutrition intervention, plays a more dominant role in
the divergent signalling pathways and the types of
proteins that are synthesized after exercise, which
explains the adaptive response and divergent pheno-
types (Atherton er al., 2005). Aerobic exercise also
reduces the stimulus for hypertrophy (Hickson,
1980) and increases mitochondrial, instead of
myofibrillar, proteins (Holloszy & Coyle, 1984).
Therefore, it could be hypothesized that protein
intake after endurance exercise is necessary not only
for the recovery and repair of damaged myofibrillar
proteins, but also for the optimized synthesis of
mitochondrial and possibly sarcoplasmic proteins.
Despite some reservations regarding protein intake
by endurance athletes, the scientific discussion
regarding the optmum daily protein intake for
athletes appears irrelevant. Dietary studies in endur-
ance athletes from Western countries have consis-
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tently shown that athletes generally consume more
protein than any elevated dietary recommendation
(Tarnopolsky, 1999). In summary, it appears that
elite endurance athletes in a hard training phase
should ideally consume between 1.5 and 1.7 g
PRO-kg BW~'.day~' (Table I). For a 70-kg
athlete consuming 3500 keal - day_l, this would
require only about 12% energy intake from protein,
which can easily be met in a balanced diet without
the need for protein supplementation.

Ultimately, all of the above general macronutrient
recommendations need to be appropriately imple-
mented within the individual athlete’s training plans
and competition goals. Therefore, periodized nutri-
tion recommendations will be made across the four
primary mesocycles of (1) general preparation, (2)
specific preparation, (3) competition, and (4) transi-
tion (Table I). The recommended macronutrient
intakes in each training phase are broad enough to
cover a wide range of training programmes and
caloric needs, but individual fine-tuning may be
needed to meet the specific nutrition goals of each
phase.

General preparation phase: Aerobic and strength
development

Training. Aerobic training during this phase com-
prises large training volumes at lower intensities
(~50-75% VOjymax)> in which fat can be the
dominant fuel, but large amounts of carbohydrate
are oxidized at exercise intensities approaching the
onset of blood lactate accumulation. Aerobic con-
ditioning improves oxidative capacities in heart and
in Type I skeletal muscle fibres, through the
proliferation of mitochondrial and capillary density
(Holloszy & Coyle, 1984). Contemporary training
regimens during this phase also place great emphasis
on strength-based training, such as resistance ex-
ercises, circuit training, and short-hill repeats.
Furthermore, due to the large energy expenditures
during this training phase, athletes can gradually
improve body composition goals (percent body fat,
weight) towards the competition phase.

Nutrition. The general preparation phase is domi-
nated by elevated energy expenditure to support the
large training load. Thus, carbohydrate intake should
be high, ranging from 7 to 10g CHO -kg
BW!.day~'. Due to the large contribution of fat
stores to aerobic ATP production, recommended fat
intake is highest during this phase (1.5-2.0 g fat- kg
BW~'.day~ "), translating into ~30% of total
energy. With high training volumes, coupled with
resistance exercise, recommendations for protein
during this phase are 15-1.7g PRO-kg
BW~!.day ' (Table I).
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Specific preparation phase: Anaerobic, power, and speed
development

Training. In the specific preparation phase there is an
increased emphasis on anaerobic capacity and
aerobic power, while still maintaining the developed
aerobic capacity from the previous mesocycle.
Furthermore, there is continued development of
anacrobic tolerance (~75-90% 7Onmax)s With
some sessions targeted at VOspax. The primary
adaptations include maximizing the heart and
cardiovascular system (VOzmax sessions), activating
more Type II fibres, increasing glycolytic enzyme
density, and progressively adapting skeletal muscles
to higher levels of muscle acidosis. Any final body
composition goals should be met during this period,
prior to the start of the competition phase. Over-
restriction of energy and/or carbohydrate intake can
hinder performance and impair immune function
(Gleeson, 2002). Thus, the athlete should not
attempt either rapid or considerable weight loss
regimes before, or during, the competition phase.

Nuzrition. The primary fuel for the type of intense
training dominated by the specific preparation phase
is carbohydrate, and thus intake remains at 7-10 g
CHO - kg BW ~'-day™". Due to the decreased total
energy expenditure, the relative intake of dietary fat
can be reduced to about 20—25% of total energy, or
1-1.5 g fat-kg BW~'.day”'. Protein recommen-
dations should be maintained at 1.5-1.7 g PRO - kg
BW'.day~! (Table ).

Comperition phase: Taper and peaking

Training. The competition phase is characterized by
short, intensive exercise and tapering of training
volume towards a championship peak. This results in
a decrease in total energy expenditure, but most
workouts and races are conducted at very high
intensities, (< 130% VOsmax) and at nearly max-
imum speed to fully develop lactate tolerance. The
enhancement of neural firing capacity needs to be
developed through the full activation of all fibre
types. The primary goal is to have the athlete reach a
physiological and psychological peak, in which the
year’s best performances are achieved.

Nutrition. The ever increasing intensity of training
and racing demands a consciously high carbohydrate
intake of 7—10 g CHO - kg BW ~1.day " '. Fat intake
is reduced further during the competition phase to
~1g fat-kg BW~'-day”', while protein intake
should be at a level to maintain lean muscle mass
(12-15g PRO-kg BW™! .day~!) (Table D).
Finally, it has been shown that ad libitum energy
intake is not immediately matched by reduced energy

expenditure, as found during the competition phase
(Stubbs ez al., 2004). Therefore, athletes need to
make conscious decisions about limiting their total
energy intake during this phase to maintain an ideal
peak body composition.

Transition phaselrest days: Physical recovery

Training. The primary goal of the transition phase
or rest day is to recover from the previous meso- or
microcycle, allowing for training adaptations to
occur while preventing over-reaching symptoms.
Thus, training volume and intensity are generally
very low. Although small shifts in body weight and
percent body fat will occur during the transition
phase, the athlete should attempt to maintain a
relative weight balance throughout the year. Weight
gains should be limited to less than 5% of total
body weight. Accordingly, the training load and
required energy expenditure throughout each
training phase vary significantly, and thus the
total energy intake should also vary accordingly

(Table I).

Nurition. Due to the diminished training volume
and intensity, nutritional energy intake during this
phase/day must be reduced, and thus the macro-
nutrient recommendations are much the same as for
the general public (Table I).

Acute and specialized nutrition
recommendations

Nutrition strategies during training

A large body of evidence has shown the beneficial
performance effects of carbohydrate and fluid intake
during prolonged endurance exercise (for a review,
see Coyle, 2004). Since middle-distance events are
only a few minutes in duration, it is vital that athletes
commence their races euhydrated and with full
muscle glycogen stores. However, given that some
endurance training sessions approach 2h in total
length, there is ample opportunity to benefit from
carbohydrate and fluid intake during training, and
current recommendations are set to about 30-60 g
CHO -h~! for athletes during exercise (American
College of Sports Medicine, 2000; Table II). More
information on carbohydrate and fluid intake re-
commendations during exercise are covered by
Burke and colleagues (Burke, Millet, & Tarnopolsky,
2007) and Shirreffs and colleagues (Shirreffs, Casa, &
Carter, 2007), respectively. Tipton and co-workers
(Tipton, Jeukendrup, & Hespel, 2007) highlight the
potential benefits of consuming protein and amino
acids before and during resistance training o
enhance net protein balance.
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Nutrition for optimized recovery

After a hard training session or competition, the
overriding priority for every athlete should be
recovery. The primary roles of post-exercise nutri-
ton are to (1) immediately maximize glycogen
resynthesis rates in the short term (<4 h), and (2)
replenish endogenous fuel stores, repair muscle
damage, and increase protein synthesis over the
Ionger term (24 h+).

Short-term recovery (<4 h). Enhancing immediate
r:covery is especially important when an athlete is
faiced with a short recovery period, such as between
rounds of races at a major championship event, or
between hard training sessions on the same day. The
highest rates of muscle glycogen synthesis occur
during the hour immediately after exercise (Ivy,
Katz, Cutler, Sherman, & Coyle, 1988), due to
glycogen phosphorylase activation from the preced-
ing glycogen-depleting exercise (Wojtaszewski,
Nielsen, Kiens, & Richter, 2001) and greater post-
exercise insulin sensitivity (Richter, Mikines,
Galbo, & Kiens, 1989). Ivy er al. (1988) also showed
that delaying the ingestion of a carbohydrate supple-
ment post-exercise (=2 h) will result in a reduced
rate of muscle glycogen storage. The type of car-
bohydrate consumed during recovery may also influ-
ence glycogen synthesis rates. Burke and colleagues
(Burke, Collier, & Hargreaves, 1993) showed that 24-
h glycogen recovery was enhanced when partici-
pants consumed high glycaemic index (GI) carbohy-
drates, compared with low GI carbohydrates. To
maximize post-exercise glycogen resynthesis rates,
contemporary studies suggest using frequent smaller
doses (20-30 g carbohydrate every 2030 min) for
an overall intake rate of 1.2-1.5g CHO -kg
BW~1.h~! for the first several hours of recovery
(van Hall, Shirreffs, & Calbet, 2000; van Loon, Saris,
Kruijshoop, & Wagenmakers, 2000b) (Table II).

It is well known that certain amino acids are
insulinotropic [e.g. leucine, phenylalanine (van Loon,
Kruijshoop, Verhagen, Saris, & Wagenmakers,
2000b)], so this theoretically could result in en-
hanced glycogen recovery through the addition of

protein to a carbohydrate-based recovery drink to-

increase the response of insulin-mediated glycogen
synthesis. Several studies have shown augmented
glycogen storage when protein is added to carbohy-
drate ingested after exercise (Berardi, Price,
Noreen, & Lemon, 2006; Ivy ez al., 2002; Zawadzki,
Yaspelkis, & Ivy, 1992), but the majority of studies
have found no further effect of the co-ingestion of
carbohydrate and protein mixtures on post-exercise
glycogen recovery (Carrithers et al.,  2000;
Tamopolsky er al., 1997; van Hall ez al., 2000; van
Loon ez al., 2000b). These conflicting results can be
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explained by differences in experimental designs, the
amounts of carbohydrate and protein used, and the
dosing patterns, but most likely the fact that several
of the earlier studies featured nutritional interven-
tions of varying energy content between treatment
groups. Taken together, it would appear that when
carbohydrate intake is sufficient for maximal glyco-
gen resynthesis rates (1.2-1.5g CHO - kg
BW~'-h™!; Table II), the addition of protein will
not further increase glycogen storage.

Long-term recovery (>24 h). During longer-term
recovery, protein intake in conjunction with carbo-
hydrate is vital to maximize muscle glycogen
resynthesis, protein synthesis rates, and the repair of
damaged muscle tissues, which is primarily accom-
plished through the intake of regular meals (for
reviews, see Tarnopolsky, 1999; Tipton & Wolfe,
2004). Delaying the timing of post-exercise protein
intake (>3 h) can also result in a negative net protein
balance (Levenhagen er al., 2001). Several recent
studies have suggested a positive effect of attenuating
muscle damage and perceived muscle soreness after
running when protein was added to a carbohydrate-
based recovery drink (Luden, Saunders, & Todd,
2007; Millard-Stafford er al., 2005). The explanation
for the decreased muscle soreness found in the latter
study is confounded by the addition of antioxidants in
conjunction with carbohydrate and protein in the
recovery drink. Despite the protein + carbohydrare
drink decreasing muscle soreness after two runs to
fatigue separated by 2 h, performance during a 5-km
time-trial conducted 24 h later was unaffected
(Millard-Stafford et al., 2005).

In summary, current literature suggests that,
during longer-term recovery, to initiate acute post-
exercise protein synthesis, athletes should consume
~0.1 g-kg BW ' of essential amino acids (Tipton &
Wolfe, 2004), together with 1-4 g CHO - kg BW
within 4 h after exercise (Table II). Decombaz
(2003) has suggested that carbohydrate intake should
be the immediate priority during the initial 6-8 h
after hard training, with increasing amounts of
dietary fat taken through subsequent regular meals.
However, it remains to be clarified what is the best
macronutrient blend, feeding pattern, type of carbo-
hydrate and/or protein, and the intake timing to
optimize recovery and adaptation after different types
of exercise stimuli.

For athletes at major championships that feature
multiple races, recovery after each race can be the
key to success in the final. Thus, it is imperative that
the athlete have a sound and well-practised nutrition
regimen, as outlined below:

e Before a championship, evaluate several indivi-
dualized pre-competition meal options during
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training that are convenient, readily available,
and feel “right” for the athlete (no gastrointest-
inal discomfort). These meals should be high in
carbohydrate (1-4 g-kg BW™ 1y and consumed
1-6 h before competition.

e Athletes should aim for between 400 and
600 ml of either a sport drink and/or water with
electrolytes in the 60— 120 min before competi-
tion, unless the weather is cold and/or they are
sure that they are well hydrated.

e A common mistake during the high stress of
major championships is when athletes become
w0 aware and compulsive about eating and
drinking, or are influenced by what other
athletes might be consuming. Athletes then
tend to consume too much, too little, or
drastically change their normal habits to mimic
others. The key is to focus on what works for the
individual, and consume the same amount and
types of fluids/foods as during previous compe-
titions. Implement a specific nutrition plan for
athletes susceptible to compulsive eating.

e Many athletes also consume a small snack (e.g.
sports bar, fruit) and sports drinks 1 -3 h before
warming up for an event.

e It is vital that the athlete and coach plan ahead
and always have the proper amount of post-race
foods and fluids available immediately to opti-
mize post-race glycogen and muscle recovery.
Carbohydrate-rich foods and fluids with a
medium to high glycaemic index at an intake
rate of about 1-1.5 g CHO -kg BW '-h~! for
the first 4 h should be the target.

e Due to usual competition constraints, it is

. normally very difficult to get a meal immediately
after the race. Sports nutrition products can
meet many of these initial carbohydrate and
protein needs, and are convenient and familiar,
until a normal meal can be consumed.

Supplements and the middle-distance runner

Fatigue during any maximal-intensity exercise lasting
from ~2 to 10 min is a consequence of the
limitations imposed by anaerobic glycolysis.
Although anaerobic glycolysis can regenerate ATP
at a very high rate, the resultant metabolic acidosis
from the production of lactate (La™) and hydrogen
jons (H') can alter acid—base homeostasis. This
augmented H" production causes a drop in intra-
muscular pH, which has been shown to inhibit
glycolytic enzymes, interfere with calcium handling,
and inhibit actin—myosin interactions (Maughan &
Greenhaff, 1991). Thus, any process that can directly
buffer intramuscular H™, or increase the rate of HY
efflux from the muscle, will theoretically lead to a
performance increase. It has long been known that

metabolic alkalosis can be induced through the
consumption of sodium bicarbonate (NaHCO3) or
sodium citrate (Dill, Edwards, & Talbot, 1932), and
a plethora of studies with mixed findings have
followed (for a review, see McNaughton, 2000).
Researchers have examined both the acute and
chronic dosing effects of NaHCO3 on high-intensity
exercise performance. More recently, the effects of
f-alanine on intramuscular H" buffering have been
examined. All of these substances are not on the
World Anti Doping Agency’s (WADA) prohibited
substances list. [For further information on other
ergogenic substances, see Maughan, Depiesse, and
Geyer, 2007).]

Acute bicarbonate loading

A meta-analysis of 29 studies on the performance
effects of sodium bicarbonate, featuring predomi-
nately untrained individuals, found that bicarbonate
supplementation resulted in a performance effect
that was 0.44 standard deviations better than in the
control trial (Matson & Tran, 1993). An improve-
ment of 0.44 of the standard deviation would bring
the 2006 average men’s 800-m Golden League time
of 1:46.36 down to 1:45.52, which is a worthwhile
improvement.

In summary, most data suggest that the ingestion
of 0.3 g-kg BW " of either sodium bicarbonate or
citrate administered in solution approximately 1-2h
before exercise offers a small, but significant, effect
on middle-distance race performance (McNaughton,
2000). Given that some individuals exhibit urgent
gastrointestinal distress with NaHCO;, such as
vomiting and diarrhoea, a pragmatic and individua-
lized approach needs to be taken. It is important for
athletes to experiment with bicarbonate in training
that features daily consecutive races, since much of
the gastrointestinal distress seems to occur after a
race (semi-finals), which could limit performance in
any subsequent race (finals).

Multi-day bicarbonate ingestion

Several recent studies have shown more favourable
gastrointestinal tolerance effects after chronic multi-
day NaHCO; supplementation (Douroudos et al.,
2006; McNaughton & Thompson, 2001), as com-
pared to acute pre-exercise single-dose administra-
tion. These chronic NaHCOs3 supplementation
studies found the effective daily dose to be 0.5 g~ kg
BW ! taken over 5 days (sometimes split up into
four daily doses). A recent study showed a 12%
improvement in the average power output during
Wingate testing (Douroudos et al., 2006). Further
evidence suggests that performance in high-intensity
exercise may be enhanced for a full 2 days after




gessation of chronic NaHCO; supplementation
(McNaughton & Thompson, 2001), which might
alleviate many of the severe gastrointestinal side-
effects found with acute bicarbonate loading. Not-
withstanding these results, more research is needed
to show performance efficacy for chronic NaHCO+
ingestion protocols in elite athletes, and to better
¢lucidate the dosing and time-course effects between
the cessation of dosing and exercise performance

festing.

-alanminelcarnosine supplementation

It has been known for over 50 years that muscle
carnosine (f-alanyl-L-histidine) can act as an intra-
cellular buffering agent (for a review, see Begum,
Cunliffe, & Leveritt, 2005). Recent evidence sug-
gests that f-alanine supplementation may lead to an
increase in muscle carnosine content, leading to an
increase in performance during exercise where
muscle acidosis may be a limiting factor. It appears
that muscle carnosine synthesis may be limited by
the intracellular availability of f-alanine (Harris ez al.,
2006b). In support of this, chronic p-alanine
supplementation can lead to significant increases in
muscle carnosine content (Harris ez al., 2006b; Hill
etal., 2007). Dosing protocols include taking a single
daily dose of 3.2 g, or up to eight daily doses of 0.4 —
1.6 g f-alanine per single dose, to reach a total daily
ingestion of 3.2-6.4 g-day ' (Harris et -al., 2006b;
Hill ez al, 2007). These daily dosing protocols
appear to lead to a 50-60% increase in muscle
carnosine contents in about 4 weeks (Harris er al.,
2006b).

Large acute doses of f-alanine appear to induce
mild pseudo-allergic skin reactions of paraesthesia
(mild flushing and tingling sensations) (Harris ez al.,
2006b; Hill ez al., 2007). However, these vasodilation
type responses appear to be short-term side-effects
that dissipate within about 2 h, as many individuals
have reached a total intake of 400 g f-alanine over
several weeks without any reported adverse health
consequences (Harris et al., 2006b; Hill et al., 2007).
In short, chronic supplementation of p-alanine
appears to be safe, despite some acute side-effects
of mild flushing with large single doses, but there are
no data to show whether long-term supplementation
would lead to adverse health issues.

Despite the relatively consistent finding that
f-alanine supplementation leads to an increase in
muscle carnosine, the subsequent performance
effects have not been so obvious. During a cycling
time to exhaustion test of ~15 min, there was no
effect on performance (Zoeller, Stout, O’Kroy,
Torok, & Mielke, 2006). However, at steady-state
cycling at 110% maximum power output, there was a
15% increase in total work done over a test of
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approximately 2 min 45 s duration (Hill et al., 2007).
In support of this, Harris et al. (2006a) found an
11% improvement in endurance time (8 s increase in
time over a ~75-s test) during isometric knee
extensor exercise at 45% of maximal voluntary
contraction. The ventilatory threshold was improved
in one study with f-alanine supplementation (Stout
et al., 2006), but not in another (Zoeller ez al., 2006).
Alternatively, muscular strength as assessed by one-
repetition maximum testing was found to improve
with 10 weeks of supplementation (Hoffman er al.,
2006).

Much work remains to determine if chronic
f-alanine ingestion can lead to a clear-cut improve-
ment in exercise performance and to establish the
effective dosing protocol. Despite some positive
findings on performance with fi-alanine supplemen-
tation, the current evidence is inconclusive and a
definitive recommendation pertaining to middle-
distance athletes cannot be made. Finally, the use
of any ergogenic aid should be closely monitored
between the athlete, coach, and possibly health
professional to be conscious of any possible supple-
ment contamination issues, adverse effects or athlete
habituation and dependency.

Future directions for new advances in nutrition
and training adaptations in middle-distance
runners

Concurrent training, which many middle-distance
athletes undertake, has been described as “the
concomitant integration of endurance and resistance
training in a periodized training plan” (Coffey &
Hawley, 2007). It has been established that with a
specific and regular exercise stimulus (resistance vs.
endurance), skeletal muscle is highly adaptable, from
a molecular perspective, leading to functional phe-
notypic alterations. Recent reviews have attempted to
elucidate these complex and divergent molecular
mechanisms (Baar, 2006; Coffey & Hawley, 2007).
Several emerging and future scientific directions for
nutrition and exercise adaptations for athletes under-
taking concurrent training will be highlighted below.
[For further discussion, see Hawley, Gibala, and
Bermon, 2007).]

A given acute stimulus of either exercise and/or
nutrition leads to altered synthesis of specific proteins
(e.g. mitochondrial vs. myofibrillar), which, over
time, results in an exercise-specific and optimized
remodelling of skeletal muscle. However, opposing
results have been found when examining the net
protein balance, or skeletal muscle protein turnover
rate, between resistance and endurance exercise
stimuli (for reviews, see Tarnopolsky, 1999; Tipton
& Wolfe, 2004). Recent molecular data suggest that
athletes undertaking daily endurance and resistance
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training should phase these differing exercise stimuli
with at least several hours of nutritional recovery
between bouts (Coffey & Hawley, 2007). However,
much research is needed to better characterize the
adaptations induced by concurrent training on
divergent responses in molecular signalling that lead
to functional protein synthesis.

Previous recommendations contend that athletes
should consume carbohydrate immediately after
exercise to ensure subsequent training bouts are
conducted in a glycogen-compensated state. How-
ever, anecdotal reports exist of elite athletes
purposely undertaking training in a glycogen-de-
pleted state, attempting to ‘““force the muscle to
adapt to the next level”. Accordingly, a recent
training study reported increased adaptation and
performance when 50% of endurance training was
undertaken in a glycogen-depleted state (Hansen
et al., 2005). This has resulted in a degree of
uncertainty behind the idea that athletes should
always strive to endurance train with ample
exogenous and endogenous carbohydrate available.
Conversely, it appears that the molecular responses
to resistance training are optimized when training
with full muscle glycogen stores (Churchley ez al.,
2007; Creer et al., 2005). Perhaps athletes may need
to cycle glycogen stores during concurrent training
regimens of endurance and strength/power for
optimal adaptation to these varied stimuli. Ulti-
mately, future studies need to utilize a completely
integrative approach by altering specific exercise
and/or nutrition factors and measuring downstream
effects at multiple levels that include gene and
molecular signalling pathways, leading to muscle
protein synthesis, that result in optimized pheno-
typic adaptations and performance.

Conclusions

Training involves meticulous planning, in which
there is an ideal time, place, duration, and intensity
of training that is periodized for optimal perfor-
mance. This same rigorous approach should also be
applied to nutritional interventions. Nutrition,
training, and racing interactions need to be mon-
itored closely and continually altered and indivi-
dualized. We outline below the key messages to
optimize an athlete’s acute and long-term training
and racing. Future developments will need to look
to integrate practical nutritional and training appli-
cations of all these varied stimuli into a periodized/
individualized approach for each athlete. Peaking at
the exact time of a major championship is one of
the most difficult things to achieve. However,
realizing the important and integrated role of
nutrition in this quest will bring the athlete one
step closer to their goals.

Summary of nutritional guidelines for
middle-distance athletes

Consensus for:

e A periodized nutritional approach that takes
into account acute and seasonal differences in
training’ volume and intensity should be im-
plemented.

e Carbohydrate-rich foods must provide the
majority of the daily energy provision (7—-10 g
CHO - kg BW~!.day™").

e Daily protein intake should be targeted at 1.5
1.7 g PRO-kg BW ~'-day~! during periods of
hard training.

e To maximize glycogen resynthesis rates during
short-term recovery (<4 h), aim for approxi-
mately 1.2-1.5 g CHO - kg BW~'-h ™"

e The ingestion of NaHCO5; may offer a small
increase in performance.

Consensus against:

e Low carbohydrate diets (3—15% of total en-
ergy) have uniformly been shown to impair
high-intensity and endurance-based perfor-
mance.

Issues that are equivocal:

e Future studies need to elucidate if athletes need
to “cycle” their glycogen stores during con-
current training regimens of endurance and
strength/power for optimum adaptation to
varied stimuli.

e For optimum recovery, it remains to be clarified
as to what are the best macronutrient blends,
feeding patterns, type of carbohydrate and/or
protein, and the intake timing after different
types of exercise stimuli.

e Recent evidence suggests that prolonged f-
alanine supplementation may improve high-
intensity exercise performance.
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Abstract

The goal of training is to prepare the distance athlete to perform at his or her best during major competitions. Whatever the
event, nutrition plays a major role in the achievement of various factors that will see a runner or walker take the starting line
in the best possible form. Everyday eating patterns must supply fuel and nutrients needed to optimize their performance
during training sessions and to recover quickly afterwards. Carbohydrate and fluid intake before, during, and after a workout
may help to reduce fatigue and enhance performance. Recovery eating should also consider issues for adaptation and the
immune system that may involve intakes of protein and some micronutrients. Race preparation strategies should include
preparation of adequate fuel stores, including carbohydrate loading for prolonged events such as the marathon or 50-km
walk. Fluid and carbohydrate intake during races lasting an hour or more should also be considered. Sports foods and
supplements of value to distance athletes include sports drinks and liquid meal supplements to allow nutrition goals to be
achieved when normal foods are not practical. While caffeine is an ergogenic aid of possible value to distance athletes, most

other supplements are of minimal benefit.

Keywords: Carbohydrate loading, marathon, refuelling, protein requirements, caffeine, iron deficiency

Introduction

Many events involve prolonged effort within the
IAAF umbrella of track and field, road running,
cross country, and race-walking. Events commonly
undertaken by elite competitors include the 5000-m
and 10,000-m track events, the half-marathon and
marathon, the 20-km and 50-km walks, and cross-
country runs (8 km for females and 12 km for
males). In addition, a vast array of “fun runs’ and
community events around the world attract large
fields, ranging from the elite to the weekend warrior.
Nutrition plays a key role in assisting distance
athletes of all standards to achieve their training
and competition goals.

Training for distance runners and walkers

Distance runners follow a periodized training pro-
gramme (see Stellingwerff, Boit, & Res, 2007), split
into base training (816 weeks), a pre-competitive
period (8—16 weeks), and a competitive period (if
track events) or a tapering phase (up to 3 weeks)
before a marathon followed by a short transition/

recovery phase. Hear acclimatization before compe-
tition in a hot environment and altitude training are
other specialized training techniques often under-
taken by distance runners and walkers. Altitude
training remains a controversial area, with coaches
and scientists still arguing over the benefits of periods
in a hypoxic (lower oxygen) environment on
performance at sea level. Distance athletes who
usually reside at low altitudes have a variety of
options for undertaking altitude training (see
Hawley, Gibala, & Bermon, 2007).

Since athletes of East African origin (Kenya,
Ethiopia and, more recently, Eritrea and Uganda)
dominate distance running, the reasons for their
superiority have been studied extensively (Billat
et al., 2003; Tucia et al., 2006; Saltin ez al., 1995).
Of the key physiological factors of distance running
performance [maximal oxygen uptake (E"Ozma,,), the
maximal fraction of VO,,,,, sustained during the
event, the velocity at the lactate threshold, and the
running energy cost], it would appear that East
African runners have mainly a greater running
economy (Lucia er al., 2006) and a higher fractional
utilization of VOZmax than Caucasian runners (Lucia
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et al., 2006; Saltin et al, 1995). The underlying
mechanisms of these differences are still contra-
dictory but are a combination of social, genetic, and
anthropometric/biomechanical factors. The effects of
the residence/training altitude per se or of nutritional
differences have not been identified. Although high
running distances in training (80—150 km - week !
in 30005000 m runners; 150—220 km - week ! in
marathon runners during base training) are com-
monly observed in all distance runners, several
studies have reported that most African runners
spend a greater part of their weekly training at high
relative intensity. The current trend in distance
running is for a “polarized training” model — that
is, a large percentage (70-75%) at strictly aerobic
intensity, a small percentage (<10%) of “tempo”
training at around or above lactate threshold, and
15-20% at high intensity.

Competition in distance events

Although most distance events involve a single race,
some events require heats and finals (e.g. 5000 and
10,000 m at the Olympic Games and World
Championships). Most distance runners and walkers
peak for several important events in a year (e.g. a Big
City Marathon or the World Championships).
However, there may be other times when they
compete in a series of races, including the lucrative
professional circuit in Europe, meets within a
university circuit such as the NCAA season, or in
the cross-country schedule for club athletes. In
general, the main competition for track and field
occurs in summer, whereas cross-country has an
autumn and/or winter season. Most road races
attracting large fields of both elite and community-
based participants are scheduled over the warmer
months from spring to late autumn when heat and
hydration are more of an issue. The schedule of Big
City Marathons, which includes races in Boston,
Chicago, New York, London, and Paris, extends
from April to November.

Aerobic metabolism typically accounts for more
than 95% of the energy production of long-distance
events, especially half-marathon and marathon races
and the longer walking events. However, there are
critical times in all distance races requiring anaerobic
effort — for example, a surge, a hill, or a sprint finish -
that may be the ultimate factor in determining the
order of race finishers. The factors that limit the
performance of distance runners and walkers vary
according to the duration and environment of the
race, and nutrition is an important factor in success
in the event. Because many of these factors (e.g. fluid
balance, the availability of carbohydrate fuel, dis-
turbance to acid —base status arising from anaerobic
glycolysis) can be manipulated by dietary strategies,

nutrition is an important component of the athlete’s
preparation for competition.

Nutritional issues and challenges

There is a range of common nutritional issues in
long-distancé running and walking related to optimal
physique, training, and race day performance. This
review will provide an overview of the major issues.

Physigque

Very low levels of body fat are a striking feature of
successful distance athletes. However, it is hard to
distinguish whether this is a critical factor in
determining successful performance or the outcome
of the high training volumes needed for successful
performance. Low levels of both total mass (which
determines the total energy cost of running) and fat
mass (dead weight that must be transported) assist
fast and economical movement. These traits become
even more important when the event involves long
distances or moving against gravity (e.g. running up
hills in a road or cross-country race). Because the
upper-body musculature is unimportant for running
performance, elite runners and walkers typically
exhibit minimal evidence of muscle development in

their arms and upper torso. Although there is

variability in ng-distance runners and

walkers, the winners of “‘hot weather races tend to
be small and light. A small and compact physique

offers thermoregulatory advantages, both by redu-
cing the absolute amount of heat that is produced
(smaller muscle mass) and by achieving a more
efficient dissipation of heat generated by the body
(enhanced ratio of surface area to volume). Data
from both modelling (Dennis & Noakes, 1999) and
laboratory (Marino et al., 2000) sources show that
lighter runners store less heat at the same running
speed and enjoy an advantage in conditions where
Teat dissipation mechanisms are at their limit,
Some runners and walkers achieve a small and
very lean frame as a result of their genetic back-
ground and training programme. However, other
runners with naturally larger frames or greater
adiposity feel that they must whittle themselves down
to an ‘““unnatural’ size and low percentage of body
fat to be competitive. Although many male runners
eat and train specifically to reduce their body fat and
racing weight, the bartle for a low percentage of body
fat and weight control is most often identified as a
problem for female athletes. This may be because
females generally need to push their body character-
istics further from their natural shape than male
runners to achieve the leanness that is considered
ideal. Attempts to deviate body fat further from the
apparent biological “default” can have negative




effects, including “penalties™ resulting from the low
body fat per se, such as a lack of insulation against
cold. Other penalties arise from the nutrition and
training methods used to manipulate weight and
body fat, including restricted intakes of energy,
protein, carbohydrate, and micronutrients (Burke,
2007). Some athletes develop frank medical or
psychiatric problems such as eating disorders,
osteopaenia, and chronic menstrual dysfunction.
More develop sub-clinical versions of these pro-
blems; the spectrum of restrained eating, menstrual
dysfunction, and poor bone health within the
““fernale athlete triad” is covered in greater detail
by Manore and colleagues (Manore, Kam, &
Loucks, 2007) and similar issues should also be
considered in the evaluation of some male athletes.

The problems associated with poor bone health lie
not only with the risk of a premature onset of
osteoporosis but also with the immediate problem of
stress fractures. Recurrent or chronic stress fractures
can prevent the athlete from competing at important
times and interfere with his or her ability to under-
take the training volume necessary for high-level
performance. Many athletes have had promising
careers ended by this injury pattern. Distance
runners and walkers should be encouraged to set
realistic weight and body fat goals; these are specific
to each athlete and must be judged by trial and error
over a period of time. Further discussion on dietary
strategies to assist with loss of weight and body fat is
found in the review by O’Connor and colleagues
(O’Connor, Olds, & Maughan, 2007).

Poor tron status

There is a common belief that endurance athletes,
particularly distance runners, are at high risk of iron
deficiency. This has been given apparent credibility
because the target levels for iron status measures
such as serum ferritin are often set well above those
of normal population standards to provide a “‘safety
margin” for athletes whose performance are under-
pinned by the roles of iron in oxygen transport
(haemoglobin and myoglobin) and enzyme function
(for a review, see Deakin, 2006).

The depletion of the body’s iron stores progresses
through a number of stages with different functional
and diagnostic criteria (see Deakin, 2006). The
literature is unclear, in part because of methodolo-
gical concerns, whether iron depletion, in the
absence of anaemia, impairs exercise performance
(Fogelholm, 1995). Some studies of iron supple-
mentation in iron-depleted but non-anaemic female
runners (Klingshirn, Pate, Bourque, Davis, &
Sargent, 1992; Newhouse et al, 1989; Powell &
Tucker 1991) failed to find differences in perfor-
mance changes between supplementation and place-
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bo treatment groups, even when serum ferritin
increased with iron therapy (Klingshirn ez al., 1992;
Newhouse e al., 1989). However, in other studies,
female runners with low ferritin levels experienced a
performance improvement, albeit in conjunction
with an increase in haemoglobin, after iron supple-
mentation (Lamanca & Haymes, 1993; Schoene
et al., 1983). Of course, athletes are also concerned
whether iron depletion affects their ability to recover
between workouts or races. Brownlie and colleagues
(Brownlie, Utermohlen, Hinton, & Haas, 2004)
exposed previously untrained participants with non-
anaemic iron depletion to a 4-week training pro-
gramme and found that those with a tissue iron
deficiency (based on abnormal serum transferrin
receptor concentrations) had an impaired adaptation
to this training compared with a similar group who
received iron supplements. In contrast, iron supple-
mentation did not affect endurance cycling perfor-
mance at the end of the training programme in the
iron-depleted group who were not tissue iron-
depleted.

In summary, the true prevalence of iron-deficiency
anaemia in distance runners and walkers is probably
not greater than in the general population (Fogel-
holm, 1995). However, reduced iron status does
occur and may be problematic for performance or
adapration to training, particularly altitude training
(see Hawley et al., 2007). The cause is essentially the
same as that in the general population: a lower than
desirable intake of high bioavailability iron. Iron
requirements may be increased in distance athletes
because of increased gastrointestinal or haemolytic
iron losses (for a review, see Deakin, 2006).
However, the most important risk factor is still the
low-energy or low-iron diet. Females, vegetarians,
and those following diets with restricted quantity and
variety are at highest risk. Dietary interventions to
reverse or prevent a decline in iron status involve
strategies to increase total iron intake as well as to
increase the bioavailability of this iron.

The management and prevention of iron defi-
ciency requires careful diagnosis using a variety of
clinical, haematological, dietary, and medical data.
Haematological and biochemical tests that are
routinely measured to indicate iron status should
be undertaken in a way that minimizes or standar-
dizes the effect of exercise on the results. In athletic
populations, ferritin concentrations lower than 30—
35 ng-ml~' (Nielsen & Nachtigall, 1998) are gen-
erally marked for further consideration or review,
especially where it makes a change in the established
iron status history of the individual. New tests that
include the measurement of serum transferrin
receptors and the characteristics of reticulocytes
may offer new opportunities. However, these tests
are not routinely available in all laboratories and
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need to be evaluated carefully in relation to iron
status in athletes.

Many distance athletes are tempted to self-
medicate with iron supplements that can be pur-
chased over the counter. However, there are several
risks involved with the consumption of iron supple-
ments in the absence of a confirmed iron status
problem, including haemosiderosis or iron overload.
Typically, a 3-month period of supplementation, in
the form of a daily dose of 100 mg of elemental iron,
is needed to restore depleted iron stores (Nielsen &
Nachtigall, 1998). In some cases, when it is not
possible to enhance dietary iron intake sufficienty,
iron supplementation is continued at a lower dose to
prevent ongoing iron drain. In cases of extreme iron
depletion or where oral iron intake is not tolerated,
intramuscular injections of iron can achieve a rapid
increase in iron stores. However, there is no evidence
of additional performance benefits over oral supple-
mentation, and there are higher risks of side-effects.
Iron injections will not increase haemoglobin levels
or other iron parameters in people who are not
otherwise suboptimal in iron status (Ashenden ez al.,
1998).

Carbohydrate needs for optimal training and recovery

Distance runners and walkers must be able to rapidly
recover their muscle fuel stores between daily or
twice-daily sessions, and between races on the
competition circuit. A high carbohydrate intake
enhances the performance of a single bout of
prolonged running as well as the recovery and per-
formance of a subsequent running bout (Fallowfield
& Williams, 1993). However, muscle glycogen
concentrations might not recover completely within
24— 48 h following a very strenuous running session
(e.g. marathon) or unaccustomed eccentric loading,
despite a plentiful carbohydrate supply (Asp, Rohde,
& Richter, 1997; Sherman ez al., 1983). Unaccus-
tomed muscle damage may cause a disruption to
muscle cell function and could require an increase in
total carbohydrate intake in the first 24 h of recovery
(Doyle et al., 1993) or a greater recovery time (up to
7 days) for full replacement of muscle glycogen.
Logically, the benefits from enhancing acute
recovery between sessions should translate over time
into better training adaptations and long-term
performance gains. However, the literature, which
includes three studies involving runners, is curiously
unclear in showing that high carbohydrate diets
provide superior training outcomes to moderate
carbohydrate intakes (Burke, 2007). Kirwan et al.
(1988) studied well-trained runners who increased
their training by 150% for 5 days while consuming
either high (8 g-kg~ '.day”') or moderate
(4 g kg~ '-day~") intakes of carbohydrate. Muscle

glycogen concentration gradually declined in both
treatments but was better preserved with the higher
carbohydrate diet; additionally, running economy at
two different running speeds was better. In contrast,
Sherman and colleagues (Sherman, Doyle, Lamb, &
Strauss, 1993) followed 7 days of training in two
groups of runners who consumed carbohydrate
intakes of either 5g-kg~'-day”' (gradually
reduced muscle glycogen concentrations) oOr
10 g-kg ™' -day ' (maintained muscle glycogen con-
centrations). At the end of this period, the groups did
not differ in their capacity to undertake two treadmill
runs to exhaustion at 80% VOjmax with a short
recovery interval at the end of a training session.

Finally, in another study well-trained runners
undertook 7 days of intensified training supported
by both moderate (5.4 g-kg_l—day_’) and high
(8.5 g-kg_1 .day~") carbohydrate diets (Achten
et al., 2004). Muscle glycogen utilization decreased
during submaximal running on the moderate carbo-
hydrate diet and there was a decline in speed over 8-
km (treadmill) and 16-km (outdoor) time-trials.
However, the high carbohydrate treatment was
associated with a smaller decrease in 8-km speed
and maintenance of 16-km performances. The
authors concluded that a high carbohydrate diet
reduced symptoms of overreaching in runners during
intensified training compared with a moderate
carbohydrate diet but could not prevent it entirely.

n emerging interest is that of dietary periodization
_ the so-called ““train low, compete high’* approach —
in which distance athletes deliberately train with low
glycogen or carbohydrate availability to enhance
metabolic adaptations to the training stimulus, then
replete carbohydrate to enhance their competition
performance (see Hawley et al., 2007). Currently,
there is inadequate scientific support to recommend
that distance athletes should practise carbohydrate
restriction for prolonged periods Indeed, the poten-
tial disadvantages of this practice include an in-
creased risk of illness and injury (see Nimmo &
Ekblom, 2007) and reduced well-being or capacity to
train (see Burke & Kiens, 2000). In fact, the available
study supporting a ‘“‘train low”’ approach (Hansen
et al., 2005) achieved glycogen depletion for some,
but not all, training sessions by manipulating the
training timetable rather than dietary intake. Indeed,
it is likely that elite athletes spontaneously periodize
carbohydrate availability within their microcycles of
training because the practicalities of their lifestyle
and training mean that some sessions are taken after
an overnight fast, or without complete refuelling
between workouts.

Unless more sophisticated research can identify
benefits from deliberately “training low”, distance
athletes should eat to promote carbohydrate
availability, at least for the most important training




sessions of the week. Recent recommendations for
daily carbohydrate intake (Burke, Kiens, & Ivy,
2004) acknowledge that fuel requirements for
distance athletes differ according to body size and
training loads. The targets of 7-10 g-kg™'- day !
for high volume training and 5-7 g-kg ™' - day ™! for
more moderate exercise loads provide a general
target that must be fine-tuned according to overall
nutritional goals and performance feedback from
each athlete. Such recommendations may be un-
feasible for runners, particularly females, whose
focus on low body mass and percent body fat
requires energy restriction and, by association, a
lower carbohydrate intake. The compromise is to
periodize nutrition goals and dietary carbohydrates’
intakes over the season, so that lower intakes and
physique goals are the priority of training periods,
whereas greater carbohydrate intakes are allowed
during competition preparation and recovery to
maximize glycogen stores.

Although total intake of carbohydrate is probably
the most important determinant of post-exercise
refuelling, during periods of high volume training
the distance athlete should use other dietary strategies
to promote recovery. Speedy intake of carbohydrate
after exercise will maximize the period of effective
refuelling time (Burke er al., 2004). Carbohydrate-rich
foods in recovery snacks and meals should be chosen
according to the need to meet practical challenges
(e.g. finding portable foods when the athlete is “on the
go”) or to meet additional nutritional goals (e.g. to
provide a source of iron, protein or other nutrient
need). It is probably useful to co-ingest protein with
carbohydrate-rich recovery snacks. Although the
effect of protein on glycogen resynthesis is likely to
be minimal in most circumstances (see Tipton,
Jeukendrup, & Hespel, 2007), various issues of
recovery and adaptation require protein synthesis.
Indeed, in addition to refuelling, the distance athlete
needs to consider a range of recovery eating goals after
training and races, including rehydration (Shirreffs,
Casa, & Carter, 2007), repair and adaptation (Hawley
et al., 2007), and preserving the immune systemn
(Nimmo & Ekblom, 2007).

Protein requirements during training

Data from studies of essentially recreational exerci-
sers have led to the belief that protein requirements
are not altered by any form of physical activity.
However, the high volumes of training and the
training intensities possible only in elite athletes
result in estimated protein requirements that are
nearly twice those of sedentary individuals, 1.6
1.7g-kg™' day™" (Tarnopolsky, MacDougall, &
Atkinson, 1988; Friedman & Lemon, 1989). Even
for modestly trained individuals, there is an increase
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in protein requirements estimated from nitrogen
balance experiments (Meredith, Zackin, Frontera, &
Evans, 1989; Phillips, Atkinson, Tarnopolsky, &
MacDougall, 1993). Although no study has specifi-
cally calculated protein requirements for elite female
athletes, nitrogen balance data imply that the
requirements for women are about 25% lower than
those for men - that is, 1.2-1.3 g-kg~'-day '
(McKenzie ez al., 2000; Phillips et al., 1993). Most
athletes will achieve these protein intakes from an
everyday diet providing 10— 15% of energy as protein
and adequate energy. Nevertheless, it is important to
evaluate protein intake on a grams per kilogram basis
as opposed to a percentage of the diet to avoid low
intakes that can be seen in energy restricting athletes.
A low energy intake will also have a negative effect on
protein requirements (Calloway, 1975).

There are benefits to the timing of nutrient
delivery, especially when undertaking high volumes
of training. When female athletes consumed a
nutritional supplement immediately after each work-
out during a training camp, they achieved an
improvement in nitrogen balance, less weight loss,
and improved performance on a trial completed at
the end of the week than when the supplement was
consumed after breakfast (Roy, Luttmer, Bosman, &
Tarnopolsky, 2002).

Fuelling up for competition

Preparation for racing should ensure that muscle
carbohydrate stores are matched to the anticipated
fuel needs of the event. For races of 60-90 min
duration, normalized muscle glycogen stores are
adequate and can generally be achieved by 24—36 h
of high carbohydrate intake. Carbohydrate loading in
preparation for prolonged exercise resulted from
pioneering studies undertaken in the 1960s using
percutaneous biopsy techniques to examine fuel
utilization and enzyme activities in the muscle.
These studies on healthy but untrained men pro-
duced the classic 7-day model to supercompensate
muscle glycogen stores; a 3- to 4-day depletion phase
of hard training and low carbohydrate intake
followed by a 3- to 4-day loading phase of high
carbohydrate intake and exercise taper (Bergstrom,
Hermansen, Hultman, & Saltin, 1967). Early field
studies of prolonged running events showed thar this
strategy enhanced sport performance, not by allow-
ing the athlete to run faster but by prolonging the
time that race pace could be maintained (Karlsson &
Saltin, 1971).

A modified version of carbohydrate loading was
developed when well-trained runners were shown to
supercompensate their glycogen stores without a
severe depletion or glycogen stripping phase
(Sherman, Costill, Fink, & Miller, 1981). The
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modified protocol, consisting simply of 3 days of
high carbohydrate intake and taper, was offered as a
more practical competition preparation that avoided
the fatigue and complexity of the extreme diet and
training requirements of the previous depletion
phase. More recently, muscle glycogen concentra-
tions were measured after 1 and 3 days of rest and a
high carbohydrate intake (10 g-kg body mass™ -
day~!) in well-trained male athletes (Bussau, Fair-
child, Rao, Steele, & Fournier, 2002): this study
found that optimal refuelling is probably achieved
within 36 —48 h following the last exercise session, at
least when the athlete rests and consumes adequate
carbohydrate.

Theoretically, carbohydrate loading can enhance
performance in distance races that would otherwise
be limited by the fatigue caused by glycogen
depletion. Studies in well-trained runners have failed
to detect benefits of carbohydrate loading for 10-km
treadmill running (Pitsiladis, Duignan, & Maughan,
1996), a 20.9-km race on an indoor track (Sherman
et al., 1981), and a 25-km treadmill run (Sullo et al.,
1998). By contrast, carbohydrate loading has been
shown to enhance performance of a 30-km cross-
country run (Karlsson & Saltin, 1971), a 30-km
treadmill run in trained men (Williams, Brewer, &
Walker, 1992), and a 25-km treadmill run in
moderately trained men (Sullo ez al., 1998). Typi-
cally, carbohydrate loading is associated not with an
increase in overall running speed but with main-
tenance of race pace during the last part of the run
compared with the control trial or group. Therefore,
runners and walkers should consider carbohydrate
loading for races of 30 km and longer.

Fat adaptation — a twist on depletion prior to
carbohydrate loading

Distance runners and walkers should have a high
capacity for fat oxidation during exercise as a
legacy of their training. However, this capacity can
be further up-regulated by as little as 5 days of
training while following a low carbohydrate
(<2.5 g-kg~'-day '), high-fat (~65-70% of en-
ergy) diet. In trained individuals, “fat adaptation”
achieves a markedly increased fat oxidation and
reduced utilization of muscle glycogen (‘“‘glycogen
sparing””) during subsequent submaximal exercise
(Burke ez al., 2000). This effect persists even when
followed by acute strategies to carbohydrate load,
and eat carbohydrate before and during the bout (for
a review, see Burke & Kiens, 2006). Such a
combination of dietary strategies would seem
the perfect preparation for a marathon or distance
walking event, simultaneously optimizing carbohy-
drate stores while maximizing the capacity for fat
oxidation. Curiously, the effect on endurance and

ultra-endurance performance is unclear (Burke &
Kiens, 2006).

There is now evidence that what was initially viewed
as glycogen sparing may, in fact, be a down-regulation
of carbohydrate metabolism or ‘“‘glycogen impair-
ment”’. Fat adaptation/carbohydrate restoration stra-
tegies are associated with a reduction in the activity of
a key enzyme regulating carbohydrate metabolism,
pyruvate dehydrogenase (Stellingwerff er al., 2007).
Such a change would impair rates of glycogenolysis at
a time when muscle carbohydrate requirements are
high. This explains the observation that when fat
adaptation/carbohydrate restoration is applied to
exercise protocols that mimic a real-life race — self-
pacing, and the interspersing of high-intensity and
moderate-intensity exercise — there is a compromised
ability to performance high-intensity sprints (Have-
mann et al., 2006) In many endurance cvents, the
critical activities in a race — the breakaway, the surge
up a hill, or the sprint to the finish line — are all
dependent on the runner’s ability to work at high
intensities. With growing evidence that this critical
ability may be impaired, it now seems clear that fat
adaptation or pre-loading depletion strategies should
not be undertaken by distance athletes.

Fluid and fuel intake during races

In distance running and walking events, especially
road races, a network of aid stations allows compe-
titors to consume fluids during the race. In large
community participation events, a supply of water,
sport drinks, and sponges is on hand, although elite
competitors are usually provided with opportunities
to supply their own race beverages at specially
marked tables. There is still debate on the ideal
hydration plans for distance events, with the ob-
servation that most top runners are conservative with
fluid intake while some of the “back of the pack”
participants in large community events risk serious
problems from over-consumption of fluids (Noakes,
2002; Almond et al., 2005). These issues are covered
in greater detail by Shirreffs ez al. (2007).

The use of carbohydrate —electrolyte drinks (sport
drinks) during races of 60 min or longer provides the
runner or walker with the potential to replace fluid
and carbohydrate simultaneously, with the option of
altering the carbohydrate concentration of the drink
(typically 4-8 g- 100 ml™ "), according to the prior-
ity of rehydration or refuelling in a particular event.
Sports gels and confectionery are other readily
available sources of carbohydrate often consumed
by distance athletes. There is good evidence of the
benefits of carbohydrate intake during prolonged
(>90 min) exercise (Hargreaves, 1999), with reports
dating back to the Boston marathon in the 1920s that
the consumption of sweets during the race prevented




hypoglycaemia and enhanced running performance
(Gordon et al., 1925; Levine, Gordon, & Derick,
1924). Recent studies in which carbohydrate inges-
tion enhanced a running protocol include a 40-km
outdoor run in the heat (Millard-Stafford, Sparling,
Rosskopf, & Dicarlo, 1992), a 30-km road run
(Tsintzas, Liu, Williams, Campbell, & Gaitanos,
1993), a marathon run on a treadmill (Tsintzas,
Williams, Singh, & Wilson, 1995), and an approxi-
mately 2-h treadmill protocol to exhaustion at 70%
VOomex (Tsintzas, Williams, Wilson, & Burrin,
1996b). The generally accepted mechanisms of
performance enhancement include prevention of
hypoglycaemia, sparing of liver glycogen, and provi-
sion of an additional muscle fuel substrate (Har-
greaves, 1999). However, in the case of running,
there is some evidence of muscle glycogen sparing, at
least in selected fibres (Tsintzas et al.,, 1993;
Tsintzas, Williams, Boobis, & Greenhaff, 1996a).
The effect of carbohydrate intake during shorter
distance events is unclear, with the potential me-
chanism of any performance enhancements being
attributable to effects on the central nervous system
rather than provision of muscle fuel (see Burke,
2007). One study involving a 15-km treadmill run in
a hot environment found an improvement in speed
over the last, self-paced portion of the run when
carbohydrate was ingested immediately before and
during the run compared with a placebo trial
(Millard-Stafford, Rosskopf, Snow, & Hinson,
1997). By contrast, carbohydrate intake during an
18-km run failed to enhance performance of a
large group of runners or the fastest runners in the
group compared with water (Van Nieuwenhoven,
Brouns, & Kovacs, 2005), and highly trained runners
experienced a trivial effect on performance when
carbohydrate was consumed during a half-marathon
(Burke, Wood, Pyne, Telford, & Saunders, 2005).
Further studies are needed to determine the full
range of events that might benefit from carbohydrate
intake immediately before and during the race.

Dyfferences in nuirition strategies between the sexes

It has been assumed that dietary advice for female
distance athletes would be a simple extrapolation from
male athletes, scaled to their smaller size. However,
numerous studies have found that females oxidize
more fat and less carbohydrate than men during
endurance exercise (see Tarnopolsky, 2000). An early
study found that increasing dietary carbohydrate
intake from 55% to 75% of habitual energy intake
for 4 days neither increased glycogen storage nor
enhanced cycling performance in female athletes, in
stark contrast to the results seen in males (Tarno-
polsky, Atkinson, Phillips, & MacDougall, 1995). Of
course, the relatively low energy intake of the females
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limited carbohydrate intake to <6.5 g-kg™!-day !
even in the “loading” phase. A follow-up study
provided an additional trial in which 75% of a higher
energy intake achieved carbohydrate intakes
> 8 g kg~ '-day ™! (Tarnopolsky et al., 2001). With
higher carbohydrate and extra energy, females in-
creased muscle’ glycogen, albeit to levels that were
about 50% of the increase seen in males. From a
practical perspective, carbohydrate loading is of use to
female athletes only if they are prepared to consume
adequate energy and carbohydrate.

In contrast to the limited ability of women to
carbohydrate load, the dietary recommendations
for men and women with respect to sport drink
consumption during exercise (Riddell ez al., 2003;
Wallis, Dawson, Achten, Webber, & Jeukendrup,
2006), and for post-exercise glycogen re-synthesis
(Tarnopolsky et al., 1997), appear to be similar.

Sport foods and supplements

Many distance athletes, even recreational athletes,
are consumers of sport foods and supplements.
Products such as sports drinks and liquid meal
supplements are specially designed to help a runner
or walker meet specific needs for energy, fluid, and
nutrients in circumstances where everyday foods are
not practical to eat, although the expense must be
considered (see Burke, 2007). Nutritional ergogenic
aids have generally been poorly tested or have failed
to live up to their claims when rigorous testing has
been undertaken on distance running/walking per-
formance. The exception is caffeine, which may
enhance the performance of some runners (for a
review, see Graham, 2001). Recent research has
focused on the use of small doses of caffeine before
and during endurance exercise, since the benefits
appear to be similar to those achieved by larger doses
of 6-9 mg-kg ' (see Maughan, Depiesse, & Geyer,
2007). Caffeine intakes of as little as 3 mg-kg ™!
have been shown to enhance running performance,
including a worthwhile improvement of ~1% in an
8-km track protocol (Bridge & Jones, 2006). How-
ever, runners who were provided with very small
amounts of caffeine (~ 1.3 mg- kg~ ') during an 18-
km road race did not show a detectable improvement
in performance (Van Nicuwenhoven et al., 2005).
While bicarbonate supplementation is typically
considered a strategy for middle-distance running
(see Stellingwerff er al., 2007), it has been shown to
improve performance of the longer track events
(e.g. 5000-m races) (Oopik er al, 2003; Oopik,
Saaremets, Timpmann, Medijainen, & Karelson,
2004). Creatine loading has become synonymous
with the enhancement of repeated sprint training or
exercise bouts (see Tipton et al, 2007) and is
typically considered inappropriate for use by distance

—
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athletes. In fact, runners recorded a slower time to
complete a 6-km cross-country run after creatine
supplementation (Balsom, Harridge, Soderlund,
Sjodin, & Ekblom, 1993), presumably due to the
accompanying increase in body mass. In spite of
recent evidence that prior creatine loading enhances
the muscle’s capacity for glycogen loading or
resynthesis (Nelson, Arnall, Kokkonen, Day, &
Evans, 2001; van Loon et al., 2004), it is likely that
the increase in body mass would hinder performance
in distance running events, particularly if the course
is hilly. Further research is needed to test the
hypothesis that glycerol hyperhydration can enhance
thermoregulatory function in conditions in which
thermal stress limits running performance.

Finally, the claims made in support of the majority
of other supplements and compounds marketed as
ergogenic aids are not supported by scientific
research (see Burke, 2007). Of course, more research
is needed, using rigorous control and carefully
chosen protocols to test the claims for most
products. In many cases, particular (proposed)
ergogenic compounds that are used by distance
athletes have not been tested appropriately and no
further comments can be made about these pro-
ducts. The reader is therefore referred to the general
conclusions provided by Maughan ez al. (2007).

Summary of nutrition guidelines for distance
athletes

Consensus for:

e Distance athletes should follow established

guidelines to meet the carbohydrate needs for

- their training loads and to enhance recovery
after each training session. These strategies are
particularly important to promote performance
and recovery for key training sessions.

e Distance athletes should consume sufficient
carbohydrate to prepare fuel stores that are
adequate for their event. Carbohydrate loading
or glycogen supercompensation will be of
benefit to longer events such as the marathon
or 50-km walk. A prolonged depletion phase is
unnecessary and may even impair performance.

e Carbohydrate and fluid intake during an event is
possible and of probable value for races lasting
longer than 60 min. Each athlete should experi-
ment to find a plan that is practical and provides
benefits for their performance.

e Iron deficiency may be a problem for some
distance runners, but this is a diagnosis of
exclusion and other causes need to be ruled out.
Nutritional counselling to increase the intake of
bioavailable iron is an important goal of
prevention and therapy.

e Some sports supplements such as sports drinks
and liquid meals may be useful in providing a
practical way for distance athletes to meet their
nutrition goals. Moderate doses of caffeine can
provide an ergogenic benefit to distance running
and may be useful for some runners.

Consensus against:

e Distance athletes should not practise extreme
levels of energy restriction to achieve loss of body
weight/body fat without considering the effect on
their ability to meet goals for carbohydrate,
protein, iron or other nutrients. Hormonal bal-
ance, bone health, and the immune system are also
critically impaired by inadequate energy intakes.

e Routine supplementation with iron or iron
injections in the belief that it enhances perfor-
mance should be strongly discouraged in the
absence of documented iron depletion or
anaemia. Supplementation in the absence of
deficiency can lead to serious medical condi-
tions such as haemosiderosis.

e The majority of supplements that are promoted
to distance athletes are unlikely to provide
substantial benefits, and should not replace
sound eating and training practices.

Issues that are equivocal:

e It is unclear whether distance athletes will
enhance adaptations and performance out-
comes by undertaking deliberate strategies to
restrict carbohydrate availability during training.
In the real world, elite athletes will probably
achieve some level of periodization of carbohy-
drate status within the microcycles of their
training programme. Any benefits of more
prolonged carbohydrate depletion need to be
balanced by the possible disadvantages.
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Abstract

The primary roles for nutrition in sprints are for recovery from training and competition and influencing training
adaptations. Sprint success is determined largely by the power-to-mass ratio, so sprinters aim to increase muscle mass and
power. However, extra mass that does not increase power may be detrimental. Energy and protein intake are important for
increasing muscle mass. If energy balance is maintained, increased mass and strength are possible on a wide range of protein
intakes, so energy intake is crucial. Most sprinters likely consume ample protein. The quantity of energy and protein intake
necessary for optimal training adaptations depends on the individual athlete and training demands; specific recommenda-
tions for all sprinters are, at best, useless, and are potentially harmful. However, if carbohydrate and fat intake are sufficient
to maintain energy levels, then increased protein intake is unlikely to be detrimental. The type and timing of protein intake
and nutrients ingested concurrently must be considered when designing optimal nutritional strategies for increasing muscle
mass and power. On race day, athletes should avoid foods that result in gastrointestinal discomfort, dehydration or
sluggishness. Several supplements potentially influence sprint training or performance. Beta-alanine and bicarbonate may be
useful as buffering agents in longer sprints. Creatine may be efficacious for increasing muscle mass and strength and perhaps
increasing intensity of repeat sprint performance during training.

Keywords: Muscle hypertrophy, training adaprations, net muscle protein balance, creatine, power-to-mass ratio

Introduction . .
Early work demonstrated that elite sprinters have

The sprint events cover distances from 60 to 400 m. muscles composed predominantly of fast-twitch
These running and hurdle events rely primarily on fibres (Costill ez al., 1976). Thus, success requires
the development of power through anaerobic energy, large, powerful muscles. Accordingly, the major role
the phosphocreatine (shorter events, e.g. 100 m and for nutrition may be to modulate muscle hypertrophy. -

200 m), and glycolytic (longer events, e.g. 400 m) “from training. In this review, we focus on the role of /

systems for energy. A sprint consists of an all-out nutrition for increasing muscle mass and strength, as

effort for a short period of time; performance is well as the potential for nutritional choices to |

determined by the ability to achieve maximal velocity influence competition day performance. )

and to limit the loss of power as the sprint progresses. Nutritional support for athletes is often considered

Biomechanical, neuromuscular, and metabolic fac- for two general situations: training and competition.

tors all influence performance. Important considerations for the sprinter are:
Nutritional support for athletic performance is a

popular and widely covered topic. However, most e maintaining energy levels during training;

sports nutrition research has focused on endurance e quick recovery from training;

performance. Relatively little has been written about e optimizing training adaptations with nutrition;

nutriion for sprinting performance. Although the e achieving a high power-to-weight ratio, thus

potential for an effect is arguably somewhat less than maximizing muscle mass and maintaining }OW

for endurance sports, especially during an event, body fat;

nutritional choices and strategies will contribute to e staying focused, sharp and maintaining concen-

adaptations to training and to performance in tration during competition days;

sprinters. e improved reaction times.
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Nutrition for sprint training

Sprint training is focused on developing lean body
mass capable of generating the power necessary to
carry the athlete as rapidly as possible. Adaptations
to training are specific to the mode, intensity, and
duration of the exercise. These adaptations stem
primarily from the exercise stimulus on the muscle
fibres, but may be influenced by nutritional factors.
Nutrition most certainly will influence muscle
hypertrophy and this aspect of nutrition is usually
the focus for sprinters. Besides specific sprint
training, weight training with the goal of developing
muscle mass is the primary form of training
throughout the year. However, it is important to
recognize that optimum mass may not equal max-
imum mass for a sprinter. At some point, the power-
to-mass ratio may begin to decline with extra mass
regardless of composition. Some aspects of the
nutritional influence on training adaptations are also
covered in other reviews in this issue (Hawley,
Gibala, & Bermon, 2007; Houtkooper, Abbot, &
Nimmo, 2007).

Recent evidence on the molecular and metabolic
levels indicates that training adaptations occur as
protein levels change due to the response to each
bout of exercise (Hawley, Tipton, & Millard-
Stafford, 2006). Muscle mass is determined by
changes in protein levels, particularly myofibrillar
proteins. Increased myofibrillar proteins result from
net positive balance of myofibrillar synthesis and
breakdown over a given period. The primary changes
occur in response to exercise plus nutrition.

The bulk of the response of net muscle protein
balance occurs following, rather than during, ex-
ercise (Durham et al, 2004); increased muscle
protein synthesis, rather than decreased breakdown,
is responsible for the increased balance (Tipton &
Wolfe, 2004). Elevation of muscle protein synthesis
is delayed after exercise (Pitkanen et al, 2003),
presumably due to inhibition of translational path-
ways due to elevatons in AMPK (Bolster et al.,
2003; Koopman, Zorenc, Gransier, Cameron-
Smith, & van Loon, 2006). Once activated, muscle
protein synthesis and net muscle protein balance
remain elevated for up to 48 h after the exercise bout
(Phillips, Tipton, Aarsland, Wolf, & Wolfe, 1997);
however, protein balance does not become positive
without provision of exogenous amino acid sources
(Biolo, Tipton, Klein, & Wolfe, 1997).

Consumption of a source of amino acids following
exercise increases the response of muscle protein
synthesis in an additive manner resulting in positive
muscle protein balance (Biolo et al., 1997; Borsheim,
Tipton, Wolf, & Wolfe, 2002). The response of net
muscle protein balance is due primarily to the
essential amino acids (Borsheim et al., 2002; Tipton,

Ferrando, Phillips, Doyle, & Wolfe, 1999). Thus,
consumption of a source of essential amino acids, be
it an intact protein or a free amino acid mixture, will
stimulate uptake of amino acids for synthesis of
muscle proteins necessary for muscle growth. The
optimum amount of amino acids has yet to be
determined, but it is clear that a relatively small
amount of exogenous amino acids (about 12 g)
results in positive protein balance (Borsheim et al,
2002). However, it remains to be seen if chronic
consumption of a small amount of amino acids
capable of stimulating a transient metabolic response
is enough to stimulate muscle hypertrophy in the
long term.

It is clear that the metabolic and thus phenotypic
responses to exercise and thus training adaptations
are mediated by intracellular signalling. Recent
reviews have examined the response of these path-
ways to exercise and nutrition in detail (Rennie,
2005; Tipton & Sharp, 2005). Signalling aspects of
muscle adaptation to training are also discussed
elsewhere in this issue (Hawley et al., 2007).

Both translational (Bolster, Jefferson, & Kimball,
2004) and transcriptional (Creer et al, 2005;
Psilander, Damsgaard, & Pilegaard, 2003) mechan-
isms are stimulated by resistance exercise, but the
bulk of the increase in muscle protein synthesis is
translational (Chesley, MacDougall, Tamopolsky,
Atkinson, & Smith, 1992). Rates of muscle protein
synthesis are increased with no increase in total RNA,
suggesting that it is the efficiency of translation —
that is, an increase in synthesis per molecule of
RNA - that is increased by resistance exercise
(Chesley ez al., 1992). Resistance exercise increases
phosphorylation of many translation initiation path-
way components (Coffey ez al., 2006; Karlsson et al.,
2004; Koopman er al., 2006). Adaptations that
influence muscle growth also stem from transcrip-
tional regulation (Coffey er al, 2006; Williamson,
Gallagher, Harber, Hollon, & Trappe, 2003); tran-
scriptional activity of genes for muscle growth factors
and myosin heavy chain is stimulated by resistance
exercise (Psilander et al., 2003; Raue, Slivka, Jemiolo,
Holon, & Trappe, 2006). At this juncture, it is
somewhat difficult to discern detailed influences of
these pathways due to differences in study design and
methods among the studies. Much work needs to be
done to address the gaps in our knowledge.

Nutrition has a clear effect on the signalling
pathways related to muscle protein synthesis. Pre-
vious reviews have detailed the response of intracel-
lular signalling to exercise and nutrition (Kimball,
Farrell, & Jefferson, 2002; Tipton & Sharp, 2005).
The influence of amino acids on muscle protein
synthesis is primarily through the mTOR signalling
pathways (Kimball et al., 2002; Tipton & Sharp,
2005). Leucine is particularly effective in stimulating




initiation of translation following exercise (Anthony
et al., 2000; Gautsch et al., 1998). In humans, the
administration of branched-chain amino acids after
resistance exercise increased phosphorylation of
p70s6k 3.5-fold above the increase due to exercise
when measured at | and 2 h after exercise (Karlsson
et al., 2004). However, the time course of signalling
events relative to muscle protein synthesis has yet to
be examined in humans and much has yet to be
determined.

Increased insulin levels resulting from carbohy-
drate intake are clearly a major controller of
translation initiation pathways (Kimball er al.,
2002). Thus, carbohydrates seem to play a role in
the response of muscle protein synthesis to feeding
after exercise. Insulin stimulates these translation sig-
nalling pathways primarily through phosphoinositol-
3-kinase (PI3k), Akt, and mTOR (Kimball er al.,
2002). Interestingly, post-exercise hyperinsulinaemia
only minimally stimulates muscle protein synthesis
above normal post-exercise levels (Biolo, Williams,
Fleming, & Wolfe, 1999). Moreover, Anthony ez al.
(2000) demonstrated that the response of translation
initiation to amino acids is mediated by insulin. Taken
together, these results suggest that combining carbo-
hydrates and proteins may be the best strategy for
stimulation of anabolic pathways. Indeed, utilization
of ingested amino acids for synthesis of muscle
proteins is greatest when carbohydrates are ingested
concurrently with an amino acid source (Tipton &
Witard, 2007). Furthermore, leucine has been de-
monstrated to be an effective insulin secretagogue
(Koopman et al., 2005).

Carbohydrate intake may be important for muscle
anabolism in other ways as well. Depletion of muscle
glycogen is possible, given the multiple sprints
common to a sprint training session (Gaitanos,
Williams, Boobis, & Brooks, 1993). Thus, carbohy-
drate intake should be sufficient to maintain glyco-
gen levels, not only to prevent fatigue development
and maximize training potential, but also perhaps to
optimize muscle anabolism. Low glycogen availabil-
ity may influence the adaptive response to training
(Churchley et al., 2007; Creer et al., 2005), suggest-
ing that the maximal anabolic response to resistance

exercise may not be possible when exercise is-

initiated with low glycogen levels. Thus, sprinters
should consume sufficient carbohydrate to maintain
glycogen during training.

Clearly, protein intake is important for muscle
hypertrophy, but the amount of dietary protein
necessary for a sprint athlete to optimize muscle
gains and performance is difficult to determine. A
high protein intake is often thought to be critical for
muscle growth, repair, and enhancement of training
adaprations, and a huge supplement industry has
been built upon this assumption. The scientific
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evidence for the efficacy of high protein intakes for
increasing muscle mass is, at best, equivocal, and has
been extensively debated in the scientific commu-
nity. The reader is referred to previous reviews for
discussions of the merits of increased protein
requirements in athletes (Phillips, 2006; Rennie,
Wackerhage, Spangenburg, & Booth, 2004; Tipton &
Witard, 2007; Tipton & Wolfe, 2004).

It is likely that the disparity of opinions regarding
overall protein needs arises primarily from two
sources: methodological limitations (nitrogen bal-
ance and leucine oxidation) and, perhaps more
fundamentally, a lack of consideration for the
principal reason athletes ingest protein (Tipton &
Witard, 2007). Rather than the attainment of
nitrogen balance, the amount of protein that
optimizes muscle hypertrophy and maximizes per-
formance is the most salient factor. Attainment of
nitrogen balance is unlikely to concern sprinters;
rather, they endeavour to consume the amount of
protein necessary to optimize muscle mass and
power.

For many, if not most athletes, including sprinters,
the point may be inconsequential. Most athletes
ingest enough protein to cover even the higher
estimates of ~1.2-1.5g-kg'-day~' (Phillips,
2006; Tarnopolsky, 2004). Thus, recommending
increased protein intake would not be necessary for
the majority of athletes consuming a well-chosen
diet that meets energy needs. Moore er al. (2007)
recently demonstrated that increased nitrogen
balance and lean body mass result from 12 weeks
of intense resistance training while consuming
1.4 g-kg™'-day~'. Thus, habitually high intakes,
often greater than 2 g-kg~'-day™'!, appear to be
unnecessary for muscle hypertrophy and increased
strength and power. It is likely that protein intake in
excess of 1.7 g-kg™'-day ' is simply oxidized
(Tarnopolsky, 2004). Of course, it should be noted
that these results come from previously untrained
individuals and it is arguable that years of training
may change these responses.

On the other hand, a relatively high protein intake
is unlikely to be detrimental, even if not entirely
necessary. Given the high energy intakes necessary to
support increased muscle mass, habitual protein
consumption is likely to ensure maximum muscle
accretion. Although protein and amino acid supple-
ments may be convenient sources of essential amino
acids, no evidence exists to suggest the anabolic
response to protein from food sources is inferior to
commercially available supplements (Elliot, Cree,
Sanford, Wolfe, & Tipton, 2006; Phillips, 2006).

It is not possible to make a broad recommendation
for a specific amount of protein for all sprinters based
on current scientific evidence. Any such recommen-
dations are based on the presumption that muscle

*———_
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protein accretion is linear in relation to the amount
of protein ingested (Tipton & Witard, 2007). In fact,
much of the evidence casts doubt upon such broad
recommendations. Metabolic studies clearly demon-
strate that the anabolic response to feeding is
dependent on many factors, including, but not
limited to, the amount of protein ingested. The type
of protein ingested will affect the utilization of the
amino acids for synthesis of muscle proteins (Wilk-
inson ez al., 2007), the anabolic response to protein
ingestion will vary with ingestion of other concur-
rently ingested nutrients (Borsheim, Aarsland, &
Wolfe, 2004a; Elliot et al,, 2006), and, finally, the
timing of ingestion of an amino acid source will
influence the anabolic response of muscle (Tipton
et al., 2001, 2006). Taken together, it is clear that
ingestion of a given amount of protein may result in a
variable metabolic response depending on several
factors other than solely the amount of protein.
Training adaptations may depend less on the amount
of protein ingested, and more on the type of proteins
ingested, timing of ingestion, and other nutrients
ingested in the same meal.

A risk—benefit approach might offer some in-
sights for recommendations of protein intake for
athletes. If risk is minimal and there is a rationale
for potential benefit, then there is no reason to
recommend against increasing protein intake.
Health problems, such as kidney damage and bone
loss, have often been given as reasons for avoiding
high protein intakes. Whereas these issues are
theoretically associated with high protein intake, to
date there is no evidence for kidney damage from
high protein in those with no predisposing kidney
maladies (Zello, 2006). A major component of bone
is protein and, in fact, synthesis of bone collagen
responds similarly to muscle proteins following
ingestion of an amino acid source (Babraj e al.,
2005). Thus, it appears that reasonably high protein
intakes offer little in the way of health dangers to
sprinters and other athletes. The relationship
between high protein intake and chronic diseases
has not been firmly established, but it should be
noted that individuals with pre-existing kidney
disease should- not consume high-protein diets
(Zello, 2006). For many athletes, the primary risk
of high protein intakes is a necessary reduction in
carbohydrate intake, which may then affect perfor-
mance (Macdermid & Stannard, 2006). Glycogen
depletion is likely during training sessions involving
repeated sprints (Balsom, Gaitanos, Soderlund, &
Ekblom, 1999; Gaitanos er al, 1993) and so
sufficient carbohydrate intake to support these
training sessions is clearly necessary. However,
sprint athletes habitually consume ample carbohy-
drate and protein (Burke, Millet, & Tarnopolsky,
2007) to support training.

Protein nutrition is most often the focus of athletes
whose goals include increased muscle mass. How-
ever, it is clear that energy balance is just as
important, if not much more so, for muscle
hypertrophy than is protein intake. It is not possible
to maintain positive nitrogen balance during an
energy deficit (Todd, Butterfield, & Calloway,
1984). Up to about one-third of the variability in
nitrogen balance is likely due to energy intake (Pellett
& Young, 1992). As early as 1907, Chittenden
demonstrated that as long as energy intake is
sufficient, athletes will gain muscle mass and
increase strength even during periods of low protein
intake. More recently, positive energy balance has
been demonstrated to be more important than the
amount of protein ingested for gains in lean body
mass during resistance training (Rozenek, Ward,
Long, & Garhammer, 2002).

The arguments rendered above are contingent
upon one primary assumption, namely that the
acute metabolic response of muscle to exercise and
nutrition represents the potential for long-term
muscle gain. Clearly, the ideal study to determine
the effect of various feeding strategies on sprinters
would be to measure changes in muscle mass,
strength, power, and speed - ultimately sprint
performance — during periods with different feed-
ing strategies. Unfortunately, these studies are
virtually impossible to perform, primarily due to
difficulties in controlling all variables (Tipton &
Witard, 2007; Tipton & Wolfe, 2004). A series of
recent investigations suggests that results from
acute metabolic studies adequately represent the
potential for changes in muscle mass in response to
training and nutrition (Paddon-Jones er al., 2004;
Tipton, Borsheim, Wolf, Sanford, & Wolfe, 2003;
Tipton & Witard, 2007). Results from studies at
the molecular level support this contention (Coffey
et al.,, 2006; Hawley er al., 2006; Psilander er al.,
2003).

Since the balance between synthesis and break-
down ultimately determines the amount of each
protein in muscle, a decrease in muscle protein
breakdown rates should contribute to increased
muscle mass. Thus, nutritional strategies aimed at
decreasing rates of muscle protein breakdown
following exercise are often recommended. Amino
acid ingestion following resistance exercise can
reduce muscle protein breakdown (Biolo et al.,
1997; Tipton er al., 1999). Utilization of amino acids
from ingested amino acid sources by muscle has
been shown to increase when carbohydrates are
ingested simultaneously (Borsheim et al., 2004a,
2004b). The effect of carbohydrates is presumably
due to the associated insulin release. Insulin in-
creases net muscle protein balance following resis-
tance exercise primarily by blocking the rise in



muscle protein breakdown (Biolo et al., 1999). Thus,
it is often recommended to consume protein plus
carbohydrates after exercise to maximize net muscle
protein balance and increase muscle mass.

Recent data suggest that the role of protein
breakdown for muscle hypertrophy may not be as
clear. After a resistance exercise bout, rates of
muscle protein breakdown increase and are asso-
ciated with the increased rates of synthesis (Biolo,
Maggi, Williams, Tipton, & Wolfe, 1995; Phillips
et al., 1997). Furthermore, transient changes in
gene expression and mRNA levels of both myo-
genic (Psilander ez al., 2003) and atrogenic
(Churchley et al., 2007; Jones et al., 2004) genes
following resistance exercise suggest that increases
in both the synthesis and breakdown of proteins
are important for changes in protein levels. These
data suggest that muscle protein breakdown may
play an important role for accretion of muscle.
Clearly, more research on the effect of nutrient
intake on specific muscle degradative pathways is
warranted.

Nutrition for racing

The acute influence of nutritional intake for sprinting
is not likely to be as great as for endurance events.
The length of the race alone prevents a large
influence from acute intakes. Although sprint events
only last seconds, competition can be rather drawn
out. A typical competition day involves a number of
heats and finals with variable amounts of waiting
around in between. For example, at the World
Championships in Osaka in 2007, the schedule for
the 100 m is:

Day 1, 12:10 h, men’s 100 m heats

Day 1, 20:15 h, men’s 100 m quarter-finals
Day 3, 20:10 h, men’s 100 m semi-finals
Day 3, 22:20 h, men’s 100 m final

¢ o 0o @

On day 1, there are 8 h between rounds 1 and 2, but
on the third day only 2 h between the semi-finals and
final!

During the tume in between heats, athletes
should stay hydrated but avoid over-drinking,
maintain blood glucose levels, and avoid beha-
viours, including feeding, that may contribute to
discomfort, particularly gastrointestinal discomfort.
Careful consideration of what not to eat is probably
more important than what to eat. It is likely that
there is no common way to achieve these goals in
every athlete. There is almost certainly large
individual wvariation and preference in ways to
achieve these goals. Experimenting in training is
therefore essential to develop a good routine on
race day.
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Supplements for the sprinter

There are a few supplements that should be
addressed in relation to sprint performance. We will
concentrate primarily on supplements for which
there is sufficient evidence of their efficacy. Others
that are often considered to be important for aspects
related to sprint performance (e.g. hydroxymethyl-
butyrate, ribose) will not be included in this
discussion. The results from studies on most
supplements are equivocal and it is difficult to
recommend usage by sprinters at this time. More
detail on these and other supplements can be found
in another review in this issue by Maughan and
colleagues (Maughan, Depiesse, & Geyer, 2007) and
in previous reviews (Hespel, Maughan, & Greenhaff,
2006; Maughan, King, & Lea, 2004).

When maximal exercise is performed for more
than 30s, most of the energy is derived from
anaerobic glycolysis. These high rates of glycolysis
have been associated with increased muscle acidity
and this may eventually impair muscle contraction.
Increasing the buffering capacity is theoretically a
way of improving performance in such events (>30 s
up to about 7 min; 400-m running may just be long
enough to benefit from an increased buffering
capacity).

Beta-alanine (f-alanyl-r-histidine)

Beta-alanine is a non-essential amino acid that is
common in many foods, especially meats. Beta-
alanine is believed to be the rate-limiting substrate
for synthesis of carnosine, which is an important
intracellular buffer (Dunnett & Harris, 1999).
Carnosine is found primarily in type Ila and type
IIx fibres in skeletal muscle and contributes to
intracellular buffering of H*. Thus carnosine attenu-
ates the decrease in intracellular pH associated with
anaerobic metabolism. Interestingly, carnosine con-
centrations in athletes, such as sprinters, appear to be
higher than those of marathoners or untrained
individuals (Abe, 2000; Tallon, Harris, Boobis,
Fallowfield, & Wise, 2005). Furthermore, intense
physical training may increase muscle carnosine
concentrations (Hill ez al, 2007). Four wecks of
beta-alanine supplementation increased muscle car-
nosine by 59% and 10 weeks of supplementation
increased it by 80% (Hill et al., 2007).

In theory, increasing skeletal muscle carnosine
levels (via beta-alanine supplementation or intense
training) should increase buffering capacity, delay
fatigue, and increase exercise performance. Higher
carnosine concentration in muscle was associated
with higher mean power from a 30-s maximal
sprint on a cycle ergometer (Suzuki, Ito, Mukai,
Takahashi, & Takamatsu, 2002). Beta-alanine
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supplementation has been demonstrated to increase
muscle carnosine content and to be associated with
increased performance (Stout er al., 2007).

Future studies need to confirm the limited results
that are available and examine the combined effect of
beta-alanine supplementation and training on mus-
cle carnosine in highly trained athletes.

Sodium bicarbonate

The primary buffers in the muscle are phosphates
and tissue proteins. The most important buffers in
the blood are proteins, including haemoglobin, and
bicarbonate. During intense exercise, the intracellu-
lar buffers (including carnosine) are insufficient to
buffer all the hydrogen ions formed. The efflux of H*
into the circulation increases, and bicarbonate has a
role in buffering these H" ions. Bicarbonate inges-
tion (in the form of sodium bicarbonate) is the
traditional method of increasing the extracellular
buffering capacity, although sodium citrate is often
used as well. The mechanism by which bicarbonate
supposedly exerts its action is through this buffering
of H* in the extracellular fluid. This increases the H*
gradient and increases efflux of H' from the muscle.

Reviews of the available literature suggest a dose—
response relationship between the amount of bicar-
bonate ingested and the observed performance effect
(Horswill, 1995). A dose of 200 mg - kg ! body mass
ingested 1-2 h before exercise seems to improve
performance in most studies, but 300 mg-kg ™' body
mass appears to be the optimum dose (with tolerable
side-effects for most athletes). Doses of less than
100 mg - kg~ ! body mass do not affect performance.
Intakes of more than 300 mg-kg ' body mass tend
to result in gastrointestinal problems. Most of these
studies, however, used exercise lasting longer than
1 min and in most the exercise intensity and duration
were comparable to middle-distance running not
sprints.

No studies have shown an effect on performance
in high-intensity exercise lasting less than 1 min.
Therefore, a window for efficacy of bicarbonate has
been identified between approximately 1 and 7 min
and sprint events are not likely to be affected.
Nevertheless, the use of bicarbonate is common in
400-m running, with anecdotal support for its
efficacy. -

Creatine

Creatine is a natural guanidine compound that
occurs in meat and fish in concentrations between
3 and 7 g-kg~' (Walker, 1979). Synthetic creatine
supplements exist as creatine monohydrate or
various creatine salts, such as creatine citrate or
creatine pyruvate. The latter are soluble and stable in

solution and thus can be included in sports drinks or
gels. On the other hand, creatine monohydrate must
be consumed soon after it is brought into solution.

The effects of creatine intake on strength and
power, primary determinants of sprint running
performance, have been investigated extensively since
Harris and co-workers first reported that a few days of
high-dose oral creatine supplementation can increase
muscle creatine content (Harris, Soderlund, &
Hultman, 1992). However, to the best of our knowl-
edge, only two well-controlled studies have looked
specifically at performance in well-trained sprint
athletes. Skare ez al. (2001) investigated the effect of
creatine intake on sprint velocity during a 100-m
sprint followed by 6 x 60-m sprints in locally compe-
titive sprinters. Creatine intake (20 g-day ' for 5
days) marginally increased running velocity in the
initial 100-m sprint and in five of the 60-m sprints.
Conversely, performance in sprinters at national level
was not increased by creatine intake (0.35 g-kg ™'
body mass for 7 days) in a 6 x 40-m (2-min rest
intervals) intermittent exercise test (Delecluse,
Diels, & Goris, 2003). Other studies utilizing various
types of athletes provide equivocal results (Glaister
et al., 2006; Mujika, Padilla, Ibanez, Izquierdo, &
Gorostiaga, 2000). Importantly, none of the available
studies has reported impaired performance.

Direct determination of a beneficial effect of
creatine supplementation on sprint performance is
difficult. First, the performance benefit of creatine
intake as a rule is very small, and conceivably within
the limits of day-to-day variability in performance,
thus the reliability of sprint tests “‘in the field”” may
be too small to demonstrate a significant effect of
creatine in a small sample of individuals. Second, the
available data pertain predominantly to very short
sprints (15—60 m) where start reaction time as well
as running skill (coordination) are major determi-
nants of performance. Creatine intake is unlikely to
be beneficial to either of these important factors.
Finally, it is important to emphasize that results from
well-controlled laboratory studies consistently indi-
cate that creatine supplementation can enhance
power output during short maximal exercise
(Terjung et al., 2000), in particular during intermit-
tent series (10-30 s) of maximal muscle contractions
(Casey, Short, Curtis, & Greenhaff, 1996; Greenhaff
et al., 1993) interspersed by 1-2 min rest intervals.
Heavy resistance training accounts for an important
fraction of the total training volume in elite sprinters.
It has been well documented that creatine supple-
mentation can potentiate the gains in fat-free mass and
muscle force and power output that accompany
resistance training (Hespel et al., 2001; Volek ez al.,
1997). Thus, creatine supplementation conceivably
could contribute to improving sprint performance
by enhancing the efficacy of resistance training.
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A classical creatine loading regimen consists of an
initial loading phase (15-20 g-day ' for 4—7 days)
followed by a maintenance dose (2-5 g-day })
(Terjung ez al., 2000). However, individual responses
vary and there are indications that a positive effect on
muscle mass may diminish after 8—10 weeks
(Derave, Eijnde, & Hespel, 2003). Although solid
data are lacking, it may be advisable to add wash-out
periods to periods of creatine supplementation for
optimum impact. Individuals with a low inital
muscle creatine content, such as vegetarians (Burke
et al., 2003), respond better to creatine supplementa-
tion than others with high a natural muscle creatine
content. Therefore, creatine intake probably is an
adequate adjuvant to a vegetarian diet in sprinters.
Furthermore, ingesting creatine in conjunction with
training sessions can stimulate muscle creatine
uptake, as exercise is known to facilitate the disposal
of ingested creatine into the musculature (Harris
et al., 1992). It is probably also worthwhile consider-
ing the possibility of ingesting creatine supplements
in combination with post-exercise carbohydrate —
amino acid - protein supplements in order to enhance
muscle creatine retention due to increased insulin
concentrations (Steenge, Simpson, & Greenhaff,
2000). Creatine is not on the doping list and its
intake is generally found to be safe in healthy adults
provided the aforementioned guidelines are followed
(Terjung er al., 2000). Creatine intake does result in
increased body mass from intracellular water accu-
mulation. Increased water content may be proble-
matic for some athletes, particularly sprinters desiring
optimal power-to-mass ratios.

The physiological mechanisms underlying the
effects of creatine supplementation are only partly
understood. Some indicate that an increased muscle
creatine content can facilitate flux through the
creatine kinase reaction and thereby prevent net
ATP degradation during high-intensity muscle con-
tractions (Casey et al., 1996). This flux could also
explain the shortening of muscle relaxation time seen
after creatine loading (Van, Vandenberghe, &
Hespel, 1999) possibly contributing to increased
stride frequency during sprinting with creatine intake
(Schedel, Terrier, & Schutz, 2000). Given that the
importance of phosphocreatine to energy production
(relative to muscle glycogen) increases as the
duration of a sprint is shortened, the ergogenic effect
of creatine may be more important in the 60- and
100-m sprints than in the longer sprint events (200 —
400 m). Furthermore, stimulation of muscle phos-
phocreatine resynthesis may contribute to enhanced
recovery between intermittent sprint bouts (Casey
et al., 1996; Greenhaff, Bodin, Soderlund, &
Hultman, 1994), thus enhancing sprint training.

The mechanisms underlying the potential of
creatine to stimulate muscle anabolism during
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resistance training are unclear. Creatine intake may
increase the stimulation of satellite cell proliferation
(Olsen er al., 2006) or intracellular signalling path-
ways (Deldicque et al., 2005; Louis, Van, Dehoux,
Thissen, & Francaux, 2004). However, direct
evidence that creatine can stimulate net protein
synthesis in human muscle is lacking (Louis et al.,
2003; Parise, Mihic, MacLennan, Yarasheski, &
Tarnopolsky, 2001). Alternatively, changes in mus-
cle protein accretion can occur as a consequence of
individuals performing more work during high-
intensity training programmes while consuming
creatine (Kreider er al., 1998).

Caffeine

Caffeine is a popular stimulant used by most
individuals, including athletes. Caffeine is con-
tained in coffee, tea, chocolate, and many other
caffeinated food sources like cola and so-called
“energy-booster” drinks. The primary mechanism
of action by which caffeine can beneficially affect
performance probably is by enhancing central drive
and/or improving muscle fibre recruitment
(Graham, 2001). It is well known that small doses
of caffeine (1-2 mg-kg™' body mass) can bene-
ficially influence mental alertness and thereby
shorten reaction time (Haskell, Kennedy, Wesnes, &
Scholey, 2005), which is obviously crucial to sprint
success. However, care must be taken to determine
the optimum dose during training because
overdosing will have a negative effect on reaction
time. Because sprinters typically compete on an empty
stomach, caffeine will be very rapidly absorbed, and
if ingested during the pre-competition warm-up
period, the potential performance benefits may be
reduced during the competition to follow (Bell &
McLellan, 2002). Caffeine should be ingested in an
isolated formulation (capsules or tablets) rather than
in the form of strong coffee because the latter is more
likely to cause gastrointestinal distress (Tarnopolsky,
1994).

Responses to caffeine intake and withdrawal vary
greatly among individuals depending on the degree of
habituation (Bell & McLellan, 2002; Magkos &
Kavouras, 2004). Therefore, individual tuning of
the dosage in the context of training is very important.
Frequent high-dose caffeine intake results in rapid
desensitization and will require the use of an even
higher dose.

The common use of caffeine as a ““social stimu-
lant” probably proves that low-dose caffeine intake
should be considered to be safe. However, high-dose
caffeine intake is well known to be associated with
adverse health effects, in particular at the level of the
cardiovascular system (Tarnopolsky, 1994). In 2004,
the World Anti Doping Agency (WADA) removed
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caffeine from the list of banned substances and its
use is currently being monitored.

Summary of nutritional guidelines for sprinters
Consensus for:

e Carbohydrate intake should be sufficient
(~5 g-kg~ ' body mass) to maintain glycogen
stores during training.

e Energy intake should be carcfully considered: if
increased muscle mass is desired, energy intake
should be increased; if muscle mass is optimal,
energy intake should be maintained and perhaps
monitored. '

e DProtein intake is likely adequate for the majority
of sprinters, but if energy intake is increased a
portion of this increase could, and perhaps
should, be protein.

e Type of protein and timing of protein ingestion
should be considered if increased muscle mass
is the goal.

e Race day nutrition should be developed indivi-
dually with the goal of avoiding gastrointestinal
distress and dehydration.

e Creatine supplementation may enhance in-
creases in muscle mass and strength, but
sprinters must consider the extra weight gain
associated with creatine use.

Consensus against:

e A single broad recommendation for protein
intake for all sprint athletes is non-sensical.

e Since power/mass is the most critical element of

" sprinting success, automatically assuming stra-
tegies that may increase muscle mass are
desirable could be a mistake if increased mass
decreases the power-to-mass ratio.

e Use of supplements as sources of protein and
amino acids in the belief that they provide
superior quality to foods.

e There is insufficient evidence to recommend other
supplements (e.g. ribose, hydroxymethylbutyrate,
vanadyl sulphate) to sprinters at this time.

Issues that are equivocal:

e Relationship of type of protein and timing of
ingestion of proteins for muscle anabolism.

e The role of muscle degradative pathways for
adaptation to training.

e The impact of nutrition on muscle degradative
pathways for training adaptations.

e Effect of nutrients and the interaction with
training on signalling pathways and gene
expression in muscle.

e Efficacy of beta-alanine for increasing muscle
carnosine in well-trained sprinters.
e Efficacy of bicarbonate in sprinters.
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Abstract

Background: The highest velocity that a runner can sustain during middle distance races is defined by the intersection of the runners individual velocity-time
curve and the distance-time curve. The velocity-time curve is presumably fixed at the onset of a race; however, whereas the race distance is ostensibly
fixed, the actual distance-time curve is not Thatis, it is possible for a runner to run further than the race distance if he or she runs wide on bends in track
races, In this instance, the point of intersection of the individual velocity-time curve and the distance-time curve will move downwards and to the right,
reducing the best average velocity that can be sustained for the distance.

Methods: To illustrate this point, the race tactics used by the gold and silver medaliists at 800 m and 5000 m in the Sydney Olympics were analysed. The
paths taken by the runners were carefully tracked and the total distance they covered during the races and the average velocity they sustained over the
distances they actually covered were calculated.

Results: In both the Olympic B0O m and 5000 m finals, for example, the winner was not the runner whe ran at the highest average velocity in the race.
Rather, the winners of these races were able to husband their metabolic resources to better effect by running closer to the actual race distance.

‘ Conclusions. Race results in middie distance running events are dependent not just on the energetic potential of the runnars at the start of the race and their t —
strategy for pace allocation, but also on the effect of their tactical approach to positioning on the total distance covered in the race. Middle distance runners

should be conscious of minimising the distance covered in races if they wish to optimise their performance.

!

The major physiological factors associated with successful distance running performance include the runner's maximat oxygen uptake (VOaMAX) and lactate
threshold, the running economy (the oxygen cost of running in ml Oz/kg body mass/km), and the critical velocity. However very little attention has been paid to
the influence of race tactics on thectrmalu e of a runners physmlo gical resources and their eﬁ‘ects on the outcom

The highest constant velocity that a runner can theoretically sustain without fatigue associated with an inexcrably developing metabolic acidaemia can be ———J

estimated using the “critical velocity" (CV) concept. The time to exhaustion at several different running velocities can be used to construct a runner's velocity-
time curve (fig 1). The asymptote of this hyperbolic relation is defined as the CV {m/s}, and the curvature constant (D'} represents a constant distance (m) that
can be covered above the CV using the currently fixed energy reserves (stored oxygen, high energy phosphates, and energy liberated through anaerobic
glycolysis). The relation may therefore be described with the following equations:

[ D B B 1y

ar

where V is running velocity (m/s) for velocities greater than C\.
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Applied Physiology of Marathon Running

Bertil Sjodin and Jan Svedenhag

National Defense Rescarch Institute, Human Studies Department, and Department of
Physiology I1I, Karolinska I[nstitute, Stockholm
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Summary

Performance in marathon running is influenced by a variety of factors, most of which
are of a physiological nature. Accordingly, the marathon runner must rely to a large extent
on a high aerobic capacity. But great variations in maximal oxygen uptake (VOs ,u)
have been observed among runners with a similar performance capacity, indicating com-
plementary factors are of importance for performance. The oxygen cost of running or the
running economy (expressed, e.g. as VO s at 15 km/h) as well as the fractional utilisation
of ¥O; ux at marathon race pa'ge,am’zo,, sa X VO; ,ay"") [Where Ma = mean marathon
velocity] are additional factors which are known to affect the performance capacity. To-
gether VO ., VO3 15 and %V 05 yia X VO pmax=! can almost entirel 'y explain the vari-
ation in marathon performance. To a similar degree, these variables have also been found
1o explain the variations in the ‘anaerobic threshold’. This factor, which is closely related
to the metabolic response o increasing exercise intensities, is the single variable that has
the highest predictive power for marathon performance. But a major limiting factor to
marathon performance is probably the choice of fuels for the exercising muscles. which
Jactor is related to the %VO, y,, x VO> max . Present indications are that marathon
runners, compared with normal individuals, have a higher turnover rate in fat metabolism
at given high exercise intensities expressed both in absolute (m/sec) and relative
(% VO, ) terms. The selection of fat for oxidation by the muscles is important since the
stores of the most efficient fuel, the carbohydrates, are limited. The large amount of
endurance (raining done by marathon runners is probably responsible for similar meta-
bolic adaptations, which contribute to a delayed onset |of fatigue and raise the VO X
VOsmax™!. There is probably an upper limit in training kilometrage above which there
are no improvements in the fractional utilisation of VO> ... at the marathon race pace.
The influence of training on VOj nax and. to some extent, on the running economy ap-
pears, however, to be limited by genetic factors.
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and runners in the 400m and 800m events (Sved-
enhag and Sjodin, 1984). Although the %V 0> max
at the 4 mmol/L velocity differed significagtly be-
tween sub-3-hour runners and glower rugners in
our unpublished data, the
marked. In all, this may indica

athon runners thus appear
~ effect on further shifting
right.

Training at 1he spee correspofiding to the an-
a means of im-
running (Lenzi,
n presented above
shift of the lactate
ould appear to be

1983). In view of t
concermng the earl

However, an provemeft in thc anaeroblc
viously well-trgined runngrs may be mostly due to
effects on the/running edonomy and the VOi max
idently, there may be an
en training and the differ-

signific nily high
ners than in the oungcr sub-3- hour runners (89. 3?

may explain, tjen, wh¥ the older runners were able

to utilise a higher %V O; max at the marathon race
pace than the younger runners.

——73.5 Fuels o
=

ergy Expenditure

Thc total energy expenditure for completing tha
42,195 metres of a marathon race has been cal-
culated to amount to 9000 to 12,000 kJ (Costill,
1972; Newsholme, 1983; Wells et al., 1981). Some
deviation between runners may result from indi-
vidual variations in the running economy. For elite

marathoners who complete the race in a faster time
than 2:30, this means that the ratc of cnergy ex-
penditure may exceed 75 kJ/min during the race
(Costill and Fox, 1969; Sjodin and Svedenhag, un-
published data). One problem for the body is to
meet this huge energy demand with an adequate
amount of efficient fuel.

Available fuels are carbohydrates and lipids and.
(0 a smaller extent, proteins (Dohm et al., 1982).
Endogenous fuels, such as muscle glycogen and
muscle lipid stores, seem to be’ utilised more effi-
cwmly by the contracting muscle than exogenous
cnergy sources such as circulating frce fatty acids
(FFA) and blood glucose (Felig and Wahren, 1975:
'Lithell et al., 1979). However, as the performance
‘progresses and the endogenous sources become
more depleted, the circulatory substrates glucose
and FFA gradually become more important (Felig
and Wahren, 1975; Lithell et al., 1979).

To make a fair estimate of the utilisation of dif-
ferent fuels by marathon runners, one must con-
sider the high-power output (up to 85% of VO1 mar)
that can be maintained by the elite runners
throughout the race (see above). At correspond-
ingly high exercise mtensmes we know that there
isa grcaler’rehance on carbohydrate than on lipids.
Thus, in moderately trained subjects the rate of
muscle glycogen utilisation at least above 50% of
V- max has been found to be directly proportional
to the exercise intensity (Hermansen et al., 1967).

)‘, 2.5.2 _Glycogen Stores
tne mean glycogen concentiition~in " the leg
muscles has been found to be about 12 g/kg wet
.nuscle but there are large intraindividual vari-

ations (Hultman, 1967). Somewhat higher mean
values, 17 to 18 g/kg wet muscle, have been d\,m- '

‘onstrated in endurance-trained individuals (Her-
‘mansen et al., 1967; Karlsson and Saltin, 197 1).
" Assuming that the active muscle mass amounis to
about 20kg, the total available muscle glycogen sore
should amount to 340 to 360g. By depleting the
glycogen stores by exercise combined with a rery
low carhohydrate intake for 1 or 2 days and lhen
rcplemshmg the stores by consuming a carbhy-
drate-rich dlet for another 2 or 3 days, the muscle
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glycogen stores can be more than doubled (Berg-
strom et al.,, 1967). Calculations have been pub-

lished which indicate that the degradation of mustle’

glycogen proceeds at'a rate of 0.4 to 0.5 g/kg/min
wet muscle tissue at exercise intensities similar to
those in marathon running, ie. 85% to 90%
VO max (Karlsson and Saltin, 1971). Muscle gly-
cogen consumption may be even higher after the
carbohydrate loading procedure (Costill and Miller,
1980). If the muscle glycogen stores were used ex-
clusively, these stores ought to be depleted within
40 minutes with normal stores or within 70 min-
utes with énlarged stores. An additional 100g gly-
cogen may be stored in the liver and another 20g
glucose is present in'extracellular fluids (News-
holme, 1981). Theoretically, if all these carbohy-
drates could be transferred and utilised by the ex-
ercising muscles, these exogenous stores could de-
lay carbohydrate depletion by another 15 minutes.

2.5.3 Lactate Oxidation

In addition, some extra glucose may be pro-
duced from lactate and some amino acids by glu-
coneogenesis in the liver (Fellg and Wahren, 1975).
Even though relatively low lactate values have been
found after a marathon race (2.1 mmol/L, n = 6,
Costill and Fox, 1969; 1.9 mmol/L, n = 6, Maron
et al,, 1975), higher values may QEE:_LLL during uphill
parts of the course as the runner may then be per-
forming at 100% of his or her VO, max (Maron et
al., 1976). Lactate can probably also be used di-
rectly in the active musculature. Thus, the altern-
ative pathway in which lactate is oxxdrsed is ca-
talysed by the H-LDH i 1sozyme (Skﬂleter and Kun
'1972). As mentioned, relatively high activities of
this isozyme have been found in the type I fibres
of endurance-trained individuals (Sjédin, 1976),
indicating a high capacity for lactate oxidation.

2.5.4 Glycogen Depletion and Carbohydrate

Supplementation

By making similar assumptions about the de-
laying effect on glycogen depletion resulting from
the availability of other carbohydrate sources,
Locksley (1980) has calculated the total muscle gly-
cogen depletion will occur at between 32 and 40km

of the marathon race. A corresponding situation i
illustrated in figure 7. Runner B obviously ‘hit the
wall’ 7km from the finish and was thoroughly ex:
hausted during the last Skm. By administering ad-
ditional oral carbohydrate solutions during the race
such a depleted condition might have at least beer
delayed (Coyle and Coggan, 1984). The emptyin;
rate of the stomach is limited, however, particu.
larly during intense exercise. Accordingly, the
emptying rate is inversely related to the intensity
of the exercise and the glucose concentration of the
solution (Costill and Saltin, 1974). Too high a con
centration of monosaccharides in the solution will
produce an excessively high osmotic pressure in the
gastrointestinal tract, and this will result in delayed
gastric emptying and slower uptake from the in-
testine. This could be avoided, however, with a low
concentration of the monosaccharides (glucose and
fructose) or by using polysaccharides in the drinks

(Daum et al., 1978).

2.5.5 Fat Metabolism

From the above discussion it is clear that the
stores of carbohydrate in the body are small and
will not cover the energy demands of running a
marathon. As illustrated above, there is consider-
able evidence that carbohydrate depletion may be
the main factor responsible for exhaustion during
prolonged exercise. If the stores are depleted, the
exercise intensity has to be reduced. However, some
authors have shown that even with minimal muscle
glycogen stores the exercise can still be perform-
ed at a power output of 60 to 70%, or less, of
VO3 mas, Provided that the supply of free fatty acids
is adequate (Pernow and Saltin, 1971). If the sup-
ply of FFA is adequate from the beginning of ex-
ercise, this may have a sparing effect on the muscle
glycogen stores. It has been demonstrated that if
the FFA concentration is artificially elevated, e.g.
by an intake of caffeine before exercise, a specific
level of exercise can be maintained for a longer
period of time (Costill et al., 1977; Hickson et al.,
1977). ;

One of the major adaptations to endurance
training is probably also related to an increased
ability to oxidise fat in the active muscle tissue.

}
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This is indicated by elevated activity levels of fat-
oxidising enzymes in the skeletal muscle of endur-
ance-trained individuals as discussed earlier (Chi
et al., 1983; Essén-Custavsson and Hennksson,
1984). Respiratory data on marathon runners have
also demonstrated that more than 75% of the con-
sumed energy could be derived from fat while run-
ning at 70% of VO max (Costill et al., 1979). This
indicates a considerably higher turnover rate of fat
metabolism than can be expected in a normal
population at correspondingly high relative exer-
cise intensities. All these metabolic adaptations may
make it possible to delay the depletion of carbo-
hydrate stores and thereby contribute to the ability
of elite marathon runners to maintain a very high
and constant running speed during the whole race
because the most efficient fuels, the carbohydrates,
will be available to the very end of the race.

2.6 Environmental and Other Factors

In addition to the physiological factors dis-
cussed above, marathon performance is dependent

on several other factors. These factors are, in part, /
determinants of the velocity and therefore also of’

the %\./Og max that can be maintained during the
race (see above). Thus, the physical characteristics
of the marathon course (e.g. hilly or flat), the al-
titude of the course and whether there is a differ-
ence in altitude between the start and finish lines
are obviously factors of importance to marathon
performance. Other environmental factors of irtj-
portance include the ambient temperature and hu-
midity (Costill, 1972) and the wind conditions dut-
ing the race. Furthermore, body fluid losses and
their replacement, together with the runner’s foot:
wear and clothing (Costill and Fox, 1969), may alsa

affect performance as well as psychological char-
acteristics (including motivation) of the runner. The}
latter may be true even though marathon runners i

as a group have been found to score within normal \
limits of most psychological variables (Morgan and |

Costill, 1972).

M{The matter of body fluid losses and their re-
placement deserves some further notice. The body-
weight losses during a marathon may be quite large,

|

or up to 6kg (Costill, 1972; Pugh et al., 1967). Wyn-
dham and Strydom (1969) showed that the rectal
temperature of the runners will rise when the water
deficit (primarily due to perspiration) exceeds 3%
of the bodyweight, even when running under cool
conditions (less than 17°C). Maron et al. (1977)
suggested decreased sweating as the cause of the
increase in rectal temperature. The rectal temper-
ature of marathon runners may, in fact, exceed 41°C
during the latter part of a race (Costill, 1972; Ma-
ron et al., 1977; Pugh et al., 1967). Even though
such high rectal temperature may not always im-
pair performance (Maron et al.,, 1977), the risk is
considerable (Costill, 1972). This points to the im-
portance of fluid replacement during a marathon
race in order to prevent hyperthermia, especially
when the race is run under warm conditions. Even
though only partial replacement of the fluid loss is
possible, fluid intake has been shown to suppress
the increase in rectal temperature with running time

(Costill, 19?2).}-%“{
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The Effect of Endurance Training on

R e

Parameters of Aerobic Fitness

Andreie M. Jones! and Helen Carter?

1 Depactment of Exercise and Sport Science, Crewe and Alsager Faculty, The Manchester
Metropaolitan University, Alsager, England
2 Whitelands College, University of Surrev Rochampton, London, Eneland

Abstract Endurance exercise training results in protound adaptations of the cardio-
respiratory and newromuscular systems that enhance the delivery of oxysen [rom
the atmosphere to the mitochondria and enable a tighter regulation of muscle
metabolism. These adaptations effect an inprovement in endurance performance
that is manifest as a rightward <hift i the “velocitv-time curve . This shift enables
athletes to exercise for longer at a given absolute exercise intensity. or (o exercise
at a higher exercise intensity for a given duration. There are 4 key parameters of
aerobic fitness that affeet the nature of the velocity-time curve that can be mea-
sured in the human athlete. These are the maximal oxyvgen uptake (VOana-
exercise econony. the lactate/ventilatory threshold and oxvgen uptake Kinetics.
Other parameters that may help determine endurance pecformance. and that are
related o the other 4 parameters. are the velocity at VO, (V-VO 1,00 and the
maximal lactate steady state or critical power. This review considers the effect of
endurance training on the key parameters of aerobic (endurance) fitness and at-
tempts to relate these changes to the adaptations secn in the bady’s physiological
systems with training. The importance of improvements in the acrobic fitness
parameters to the enhancement of endurance performance is lighlighted. as are
the training methods that may be considered optimal for facilitating such im-

provements.

tised (endurance. strentth or speedy and the exere-
cise modality used. ! Appropriate recovery periods
are required to allow adaptation te: the training

The performance of repeated bouts of exercise

aver a period of time causes numerous physioloeical

changes that result in improved performance in that

exercise activity, The magnitude of the training re- load: an insufficient training stimu®

e : .
sponse depends on the duration of the exercise §, much recovery can lead to lack of i s o de-
bouts. thewr ntensity and the Trequency with which rarnine. ! while tog sreat o frainin. Ll with
they ars pattarmed T alope il RedmiEal reatiwine T s avErs e e vis 41
they are pertormed." "along wath the initial training suthicient recovery can lead (i ¢
status. genetic potential. ace and cender of the in- Endurance can he defined q 10 sus-
dividual. The specificity of the training stimulus is tana grven velncity or power o meesl
ents iy

possible tme. Performance

also important in terms of the type of training prac-
—_—




thurefore heavily dependant upon the aerobic re-
wvnithesis of ATP: this reguires an_adequate delivery

ol oxyeen Trom e annosphere w evtochron

tdiee 10 the mitochondrial electon ransporr cham
“ond the supply of fuels mthe form of car bohydrates

adTpids D Endurance can be crudely described

(hrouzh the veneration o individual velocity-time

curves” which relare aseries ol velocities (or power

outputs) o the tme for which these velocities or

pawer outputs can be sust ned A Endurance tram-

Junies e Carber

related to very high masimal stroke volumes sinee

maximal hewrt rates wend 1o be stvilar w those ol

sedentary individuals! " Following tamming. exer-
cising muscle may reguire less blood flow tor the
same submaximal exercise intensity because of an
merease o the wierio-venous oxyeen difference. s

The increased stroke volume resulung fronmereases
in left ventricular size. myocardial contractlity and
end-diastolic volume with auining. along with a

decreased sensitivity to catecholumines. leads t a
+ 16}

kil Lol o
ine causes adaptations in the pultonary, cardiovis - educed heart rate during submaximal exercise.

culie and nenromuscular systems that improve the

lelivery ol oxyuen from the atmospherie ar to the

&

Lism within the muscle cells. These adaptations shift
the velocity-time curve to the right and therefore

result in improved endurance exercise performance.
This review will tocus on the etfect of endurance
training on the 4 key parameters of aerobic {endur-
ance) fitness identitied by Whipp et al 2 the mux-
imal oxygen uplake (V). eXCICISE eCOnony.
the Tactate/ventilutory threshold und oxygen uptake
Kinetics. Forthe purposes of this review, enducance
exercise will be considered to be contnuous events
of approximately 5 1o 240 mmutes duration com-
pleted at around 65 100% of the VO Events
of shotter duration require u signiticant contribu-
ton From anacrobic metabolic pathways ' while
events of Tonger duration may be lnted by psycho-
logical, nutrional. thermoregulatory or musculo-

keletal Tactors rather than by “endurance fiiness’.

!J(.’f' N

1. Maximal Oxygen Uptake (VO2max)

VO 1. which retlects an individual’s maximal
pate of aerobic eneray expenditure, has long been
associated with success in endurance sports.! ]
In whole-body exercise such as running, cycling
and rowing, it is widely accepted that VO 18
limited by the rate at which oxygen can be supplied
o the muscles and not by the muscle’s abiity to
extract oxygen from the blood 1t receives ! The
Vs, appeirs to be strongly refated to the naxi-
mal cardiac output Q). The high Q0 and VO
values commonly found in elite athletes are, in turn,

o Addis Infernanonal Lemalza Al agnrs resaivad

nitochondria and enhance the copuol of e nlm"\

During maxinal exercise. the greater cardiac out-
put. along with an increased extraction of oxygen
by the exercising muscle. results oo greer
VO a1 I addinion, the oxygen carrying cu-
pacity of the blood is increased tollowing endur-
ance training owing to an increased toral bloud
hacmoglobin content. There is also an incredse n
red cell 2.3-diphosphoglycerate which uftsets the
reduced haemoglobin concentration consequentto
the relatively larger increase in plasma volume com-
pared to red cell mass S The lower [Hb | following
training may be advantageous in that the reduced
blood viscosity may reduce the resistance ot the
vasculature w blood flow.

The magnitude of the increase in VO, result-
ing from endurance waining depends on a number
of factors. notably the wmitial fitness status of the
individual, the duration of the training progranme
and the intensity. duration and frequency ot the -
dividual training sessions! ' Since most studies of
endurance training have shown some increase in
VO, with time. the optimal excreise volume and
intensity for developing this paranieter ts not Knowi.
However. there is some evidence from the litera-
ture to suggest that a high intensity ol training (ap-
proximately 80 to 100% of VOs,,..) may be of cru-
cial importance provided that the minimal training
volume for a particular event is covered.!M 11 I a
recent study.!" we examined the mfluence ol 6
weeks of endurance training on parameters of aer-
obic fitness in 16 physical education students. De-
\pl[t, the relatively modest training programme (3
to 5 sessions per week of 20 to 30 minutes duration
at a running speed close © the factae threshold),
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we found that VO, increased by approximatel y
H0se trom 47.9 £ 8.4 10 52.2 £ 2.7 mg/ke/min).
Other groups=" 71 hive wlso shown a0 3 w0 0%
inprovententn VO with shorteerm endurance
tatning programmes. Hickson et al ¥ reported that
VO, tiereased by 2359 over 9 weeks ol endur-
ance tramnmy. but the magority of this merease (145 )
oceurred alter only 3 weeks, This rapid increase in
VO, and the similarly vapid reduction in sub-
maximal exercise heart vate have been partly attrib-
wted to an early hypervolaemic which will increuase
stroke volume ducing excreise and also atford un
mcreased tolerance w heat stress 29 There 1s some
evidence thatduring longer term wadning programmes.
VO will eventually stabilise, with subsequent
improvements in performance resulting trom con-
tnued improvements in submaximal factors such
ds exercise economy and lactare threshold 123133

“Exercise Economy

Excrcise economy has been defined as the oxy-

gen uptake required at u viven absolule exercise

inlensity ae iy considerable mterindividual vari-

ability in the oxyzen cost of submaximal exercise,
cven i mdividuals of similar aerobic fitness (de-
fined us VO or simil performance capubil-
wy FH0 For example. Horowitz, et al.'! demon-
strated thatelite cyclists exercising at the same power
output required different rates of oxygen uptake,
Interestmgly. the more etticient cychists had a areater
percentage of type | fibres in the vastus lateralis.
suggesting that the pattern of motor unit recruit-
ment during exercise may be important in the de-
termination of economy. In a classic study. Conley
and Krahenbuh 14 reported that 10k race pertor-
mance was closely related to running economy
a vraup of well-trained volunteers who had simi-
lirly high VOo,, values. Better exercise cconomy
(i.c lower VO tora given absolute running speed
Oor power output) can be considered to be advanta-
veous to endurance performance because it will re-
sult i the utilisation of a lower percentage of the
VO oy for any particular exercise intensity. It has
been suggested that the relatively low VOo,,.,, scores
that have been reported i some elite endurance

A mtarmatonal lateted Al nghts 2served

athletes can be compensated forbn, nal ex-
ercise cconomy M ndeed. i ar fon-
ship between VO, and runnme 5 been
reported i samples of well-taied + HLAT]
Adthough triumed athletes e know better
exercise economy than untened o, s 1
studies that have examined the effect ot rance
training on exercise economy have procdi . Coguiv-
ocal results B4 This may be becat v - rain
ing studies (typically 0f 6 12 weeks i ajare
too short to produce o measurable iprove et
ceonomy. especially momdividuals whec cfceady
trained. [t may be speculated that cood oo icise
ccononty is somehow related o the total «olume of
endurance rainmmy pertformed. since the beat ccon-
omy values wre often found i older or more - wperi-
enced athletes, or those who complere a laree v ookly
traimniog mileage ! Furthermore. achicte, most

ceonomical velocities or power outputs tend to be
those at which they habitually wain (uapublished
data). This may indicare that athletes should train
over a wide varierty of speeds if they wish o fower
the slope of the VOs-exercise intensity relacion-
ship. Only a few studies have wacked changes in
exercise economy over a prolonged period of train-
ing A0 G gne sueh study that measured
changes i a nuimber of physiological vaniables over
i 3-year period i an elite female distance runner,!
it was reported that running economy improved
appreciably with each year of traimng. For example,
the VOs ata running speed of 16.0 kn/h decreuased
from 33.0 ml/kKg/miin in 1992 10 47.6 mi/kg/min in
1995, However, improvements in running economy
cuan sometimes be observed even with short term
training programmes 027 g g recent study, we
found that 6 weeks of endurance running training
caused a stenificant tmprovement in running ccon-
omy in 16 recreationally active individuals (fig.
15 with the VOs ata representative running speed
of 12.0 knv/lv decreasing from approximately 39
ml/kg/min to approximately 36 ml/kg/min. Franch
et al. %0 also reported that the running econony of
trained volunteers could be reduced significantly
following 6 weeks of high intensity distance run-
ning or long-interval traming, and found that the
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Fig. 1. The effed of 6 weeks of endurance training on submaximal
oxygen uplake (VO [running economy]. The data represent the
mean response of 16 individuals (from Jones et al.#*® with per-
mission).

reduction in submaximal YO was significantly cor-
related with the reduction in minute ventilation (V).
Running cconomy has been associated with an-
thropometric (including segmental mass distribu-
tion), physiclogical and metabolic, and biomech-
anical and technical factors 1 Improvements in
axercise economy with endurance training may re-
sult from improved muscle oxidative capacity and
wssociated changes in motor unit recruitment pat-
erns 0 reductions in exercise ventilation and heart
ate for the same exercise intensity, o and improved
cchnique ! These improvements may be partly
ifset by an increased utilisation of fat as exercise
abstrate following training due to the greater amount
if oxywen that is required tor the resynthesis ot
ATP from fat metabolism compared to carbohy-
lrate metabolism. Of interest is the possibility that
xercise economy is related to muscle elasticity. 1t
as been speculated that running economy might
e related w “fluency” of movement and that it might
ierefore be improved by flexibility training. 132241
[owever, recent observations from our laboratory
1ggest that the oxygen cost of running at 16.0 km/h
Cnegati vely related o lower limb flexibility (esti-
wted with the sit-and-reach test) in 26 interna-
onal-standard male distance runners, i.e. “stiffer’
inners were more economical 1 Similar results
i be tound in the literatare 133300 One explanation
it these results is that stiffer muscles and tendons

Aghs Intermotonal biotad . Al nghts reserved
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are better uble 1o store elastic energy during the
cecentric phise of stretch-shortenimg activities and
that this stored cnergy cun be released during the
concentric phase of the action, thus lowering the
oxyeen cost of the exercise.7F Alernanvely. in-
tlexibility in the wunk und hip may stabilise the
pelvis during the stance phase and limit the require-
ment for stabilising muscular activity.1 3!

It has been sugeested that increasing maximal
ler strength through resistance raining may -
prove economy and endurance performance by re-
ducing the proportion of the maximal force required
for each contraction (e.g. pedal thrust) and hence
delaying the recruitment of type I1 motor units. 13!
However, traditional resistance waining programimes
which involve litting moderate to high loads atrel-
atively slow movement speeds have, with some ex-
ceptions, P33 been shown to be ineftective in im-
proving endurance performance [ However, of
areat interest is a recent study which demonstrated
that “explosive strength training’, involving sprint-
ing and jumping exercises and weight waining using
high to maximal movement speeds and low loads
(0 to 40% of the [-repetition maximum). can -
prove both running economy and Skm race pertor-
maunce. 02 The authors suggested that the tmproved
peuromuscular conrol resulting from the training
could have improved running economy by allow-
ing a tghter regulation of muscle stiftness and bet-
ter utilisation of muscle elasticity. ltis also possible
that strength training using maximal velocity con-
tractions may improve economy by allowing for a
better recruitment of motor units or a reduced co-
contraction of antagonistic muscle groups.!®* One
other study has demonstrated a sunilar effect of
explosive strength training on the economy of cross-
country skiers 194 Clearly, additional research is re-
quired to contirm and extend these findings.

3. Interaction Between VOomax
and Economy

The locomotory velocity associated with VO,
(V-VOan.e). which is a function of individual VO,
and exercise economy characteristics and which can
be calculated by solving the regression equation
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deseribing the relationship between VO and sub-
mantmal exercise intensity for VOosy,,. hus been
shown  be an important deterninant of endur-
ance exercise perforniance 08 Moroun e uf 100!

reported that the ruoning speed at VO, stronyly

predicted LOKm running performance in a eroup of

well tamed male runners with homogencaus VOs, ...
values (approxinmately 63 ml/kg/ming. Jones and
Doust ™ presented wcomprehensive battery ot phys-
olagical tests o 13 trained runoers with a wide
viange of VO, values (33 0 67 ml/kg/ming, and
reported that V-VOy,,,,, correlated more strongly
with 8k ranning pertormance (v = 0.93) than any
ol the other measures, including VO, (e =0.69)
and running economy (r = —0.16). Although they
are closely related, the V-VOs,,,. should not be
contused with the maximal velocity reached in a
fust incremental weadmill test (V.0 7" Although
somie studies have shown that the V,,,, correlates
highly with endurance exercise performance. /70711
Vi s influenced not just by VOay,,. and cxercise
ceonomy fuctors but also by anuerobic capability,
muscle power and neuromuscular skill in ¢xercising
al high speeds.

Several studies have shown an mcreased V-
VO tollowing endurance training. Jones! 3 re-
ported that V-V O, increased From 19.0 1o 20,4
km/h over a 3-year period in an elite female dis-
tance runner. This improvement in V-V O, wus
the result of an improved running cconomy because
VO fell slightly over the same pertod of tme,
The V-VOo,, is similar to the velocity that can be
sustarned during distance running races of 3000m
(approximately 8 minutes in the elite athlere) 1
and so this parameter may be especially important
tor success in middle-distance events. Billat et
al* 7 eported that only 4 weeks ot normal training
caused a significant improvement in running econ-
omy and V-VO 1. (from 20.5 to 21.1 km/h). with
no significant change in VOs,,. (from 71,2 10 72.7
ml/kg/min), in 8 vained males. Berthom et al 771
reported that V-VOa,,,,, was significantly improved
only with high intensity training in adolescent vol-
unteers. ln another study, Joues et al 491 found that
6 weeks of endurance training increased V-VOo,..
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from 135 10 10,0 knn/h i 1O voiantecos. with the
increised V-NO,,, . resultny from steaiicant -
CoOnony.

provenents i both VO s, and ranae
The V-VOo, appears to be an iupoitant ind sen-
sttive measure of endurance (tness and cun be use-
fully measured during longitudinal work with endur-
ance uthletes P A g improvement in the V-V O,
with training will mean thar certain percentages of
the ¥Ooy,, will be associated with higher speeds
alter trwung. This may be importaat in the in
provement ol endurance race performance becuause
athletes tend to operate at quite similar percentages
0f VO for a given duration of exercise, 5671
However, while the V-VOs,,,,, construct is practi-
cally usetul. great care should be taken in its micis-
urement. This 18 because VOa,,, may be achieved
during constant-load exercise over a wide runge of
submaximal exercise intensities above the “criticul
power’ because of the upward drift in oxygen up-
take with tme (see section 311747 Theretore, for
the uccurate determination of V-VOa,,,,, there is o
requirement both for a valid measure of VO,
and forexercise economy (o be micasured at several
moderute intensities below the luctate threshold.
Lt has been suggested that the V-VOa,,,, might
represent an optunal training stmulus forimprove-
meats i endurance titness 7S Hill and Rowel I8
contend that traming at V-V Os,,,,, is important be-
cause V-V, ts the lowest speed that will elicit
VO and 10 i necessary o train at VOay,,. to
nuprove it A concept that is closely related o the
V-V Oy s the time Tor which exercise at V-V O,
can be sustaied (T, 5 1 has been shown that
training at 100% V-V O, allows exercise at VO
o be sustained for the longest possible time (ap-
proximately 4 to § minutes). 5 Hill and Rowel 151
demonstrated that it interval or repetition sessions
are constructed with the goul of allowing the long-
est possible traming time at V-VQOo,,,.. then cach
repetition needed to be longer than 60% of T,.,.
Recently, it wus shown that a 4-week training pro-
sramine which included 2 interval waming sessions
per week (6 repetitions at V-VOs,. intensity for
an exercise duration of 60 to 73% of the pre-training
Tuw) resulted in significant improvements in

Sports Mead 2000 Jun 29 (8)
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.2. The effect of 6 weeks of endurance training on blood lactate levels and heart rate response to incremental exercise in a typical
widual. The vertical arrows denote the lactate threshold determined before and after training (from Carter el al. P with permission}

Yoinee V-VOs e T and 3000m performance
trained vunners 3 Unfortunately, this study did
t have a control group, and additional studies are
sded to contirm the value of using V-VOa,,,. 10
training intensity and Ty, to set training dura-
n when the goal is to improve the V-VO o,

4. Lactate/Ventilatory Threshold l/

The exercise intensity corresponding to the in-
ae in b lood lactate above resting levels (lactate
sshold; LT) and the associated changes n ga
hange (ventilatory threshold: VI aw f

Jigtoes ot endurance pertormance.! 6984581 Ny
ous studies alsé testity to the sensitivity of the
ind VT o endurance training (fig. 2).089931 4
itward shiftof the LT/VT to a higher power out-
or running speed is characteristic of successtul

wrance training programmes. 4 This adaptation
ws a higher absolute (running speed or power
wit) and relative (% VOs,,,.) exercise intensity
e sustained without the accumulation of blood

sintarnaticngl Lirmutad, All ||gr\15 reserved

lactate after training. Endurance training is also as-
sociated with a reduction in the degree of lactacid-
aemia for any given absolute or relative exercise
intensity. This causes the power output or running
speed corresponding to arbitvary “blood lactate ref-
erence values™ such as 4 mmol/L blood lactate to
increase following a period of endurance train-
ing [P09395981 Exercise abuve the LT is associated
with a nonlinear increase i metabolic, respiratory
and perceptual stress." 11 Furthermore, exercise
above the LT is associated with more rapid fatigue.
either through the effects of metabolic acidosis on
contractile function!!'®" or through an accelerated
depletion of muscle glycogen "= Therefore, an im-
provement in the LT/VT with taming is a clear
narker of an enhanced endurance capacity, How-
ever, it should be noted that the LT/VT is typically
found at 50 to 80% VOo,,,. even in highly trained
individuals, and it therefore occurs at a lower ex-
ercise intensity than is maintained by endurance
athletes during most forms of endurance competition.
The maximal lactate steady state (MLSS), which is

Sports Med 2000 Jun. 29 ()
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the highest exercise intensity at which blood lae-
tate does nol accumulate over time (see section 34,
iy be of more importance w success in these events,

Mader!""* proposed that the precision with which
tratng loads can be applicd may be improved
through individual considerwtion of the LT, Several
authors have hypothesised that the LT represents
the optimal mtensity for improvement of endur-
ance fitness M Teginng an the LT should provide
ahighquadiy aerobic trainimg stimulus without the
accumulation ol lactate that would compromise
tratning duration M1 A necdotally, endurance ath-
letes and coaches feel that training at LT through
the melusion of & regular “threshold” or “tempo”
ey sesston is i critcal component of a bal-
anced training programoe " The effect of train-
ing intensity on improvements in the LT/VT has
recently been reviewed USH i aeneral. it appears
that training atintensities close to or slichtly above
the existing LT/VT is important in eliciting signif-
icant improvements in this parameter. 292935 10911
Forexample. it was reported that increasing triin-

g intensity through the use of fartlek taining on
5 days per week ! or adding 1 20 minute run at
LT speed to the weekly taining programme,! 1091
caused an improvement in the LT with no change
M VOu. i runners. Henritze et al 20 reported
that training at intensities above the LT may be
evel more effective for improvine the LT, while
Keith et al 1" have shown that continuous train-
g at the LT or internmittent taining above and
below the LT are equally effective in improving LT.
Collecuively, these studies indicate that exercise
trarnig at an appropriately high intensity might be
most effectve in stimulating improvements in LT
and performance.

The reduction in blood lactate for the same ab-
solute and relative exercise intensities following
endurance training may result from a reduction in
the rate of lactate production (possibly consequent
to a lower rate of muscle vlycogen utilisation or to
speeded oxygen uptake Kinetics that may imcrease
inittal Oy avarlability/utilisation ) 21050 o from an
incredse in the ability to exchanee and remove lac-
tate lrom the blood MO Elte endurance athletes

< Adis Infemahonol Limatad Al nghils rasaived

have apredonimance of type LCsTow-twitch Vinuscle
tibres in the trained musculatwre when compared
to their sedentary peers.!" This s of interest be
cause of the strong relationship that s known 1o
exist between the percentage of type | imuscle 11
bres and the LTI Endurance taiming causes
aselectuve hypertrophy ot the type 1 ibres and i
i possible that a transformation of muscle fibre
types from type Hb o type Ha 252 and even trom
wype Hato type 12123 can eventually oceur. There
is also evidence that endurance training can Catse
an increased expression of slow myosin in G pe [
tibres which reduces the maximal shortening speed
in these fibres "1 Conversely. detraining and mi-
cro-gravity lead to a reducrion in the expression of
slow myosin in muscle fibres '3 The increased
capillarity ot skeletal muscle with endurance truain -
ing! 211208 has the effect of increasing both the mas
imal muscle blood flow capacity and the surtace
arei available for exchange of sases, substrates and
metabolites between blood and muscle. The longer
mean wansit time for red blood cells w puss throuch
the muscle capillary bed will increase the time avail-
able tor ditfusion of oxygen trom the red blood cell
and increase the potential for widening the warterial-
venous oxygen difference during exercise.
Endurance training results in numerous adapra-
tious within skeletal muscle that may be significant
tor exercise performance. including increases in
sodivm-potassiom pump concentration,! =7 lactare
transport capacity! 251 and possibly myoslobin
concentration.! ! Endurance trainine also results
in a marked increase in the oxidative capuacity of
skeletal muscle. This is due to an increase in the
size and the number of mitochondria per unit area
and an icrease in the concentration of the enzymes
ol the Krebs cycle, electron tansport chain and
malate-aspartate shuttle 332 These adaprations
help maintam cellular phosphorylation porential.
improve the sensitivity of respiratory control and
increase the capacity for acrobic ATP resynthests
during exercise in both type | and type 1 mus-
cle 33194 Muscle respiratory capacity is highly
correlated with LT and these enzymatic adaptations
may be important in allowing an athlete to exercise

Spoits Mad 200 Jun 79 (5
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at a high percentage ol VO 1,0 tor prolonged pert-
ods UYL s possible that a greater oxidative
enzyme complenent in type I muscle tibres might
delay the point at which the type L muscle fibres
are recruited during exercise! ' Furthermore, an
increase in the oxidative potential of the type 1
fibres might reduce their reliance onanacrobic uly-
colysis for ATP production ' F Animal studies
sugeest that Jow intensity traimng (approximarely
50% VO ) may be sufticient o maximise the
increase in mitochondria in type I muscle. but that
much higher intensities are needed to cause signif-
icunt increases in mitochondrial volume in type H

muscle ol

The greater capacity of the Krebs cycle to accept
pyruvate following training may be important in re-
ducing the production of lactate by miss action at the
onset ol exercise and during high intensity exer-
cise T However, the greater capillarity of tramed
muscle also allows Fora greater uptuke ot free fatty
acids from the blood and the increased activity ot
the enzymes involved in lipid metabolism nereuase
the capacity for mitochondrial B-oxidaton. N
has been shown that there is a reduction in the rate
of glycogen depletion,! 3 400 a decreased production
and oxidation of blood-borne glucose! ™43 and
an increased storage and rate of utilisation of intra-
muscular triacylglycerol following training 14
The greater use of lipid during submaximal exer-
cise. which can be documented in the lower respi-
ratory exchange ratios found for the same ubsolute
and relative exercise intensity following traming.
reduces the contribution of carbohydrate w ATP
resynthesis and is therefore important in sparing
muscle glycogen !5 This adapration. along with
evidence that endurance training increases the stor-
age of muscle glycogen 1 is an important ad-
aptation to endurance training because 4 depletion
ol muscle glycogen stores have been linked to tu-
tigue during endurance exercise.! !

The hormonal response o exercise appears o
chan ge rather quickly following the onset ofendur-
ance training/HH For example, the catechol-
amine response appears to be substantially blunted
for the samie exercise intensity after only a few days

«-Adis Intamanonal Limied Allnghts reserved
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of training 191 Since adrenaline is o major el
fector of luctate production throdgh its modulation
of muscle glycogenolysis, this may partly account
for the reduction in muscle slycogen utilisation seen
with endurance training '™ The reduced sympa-
thetic nervous system activity may also contribute
to the reduction in hewt rate observed for the sume

exercise intensity following training 'l

5. Oxygen Uptake Kinetics

At the onset of “moderate” exercise (that is, eX-
ercise that is below the LT) pulmonary oxygen up-
ke increases mono-exponentially to achieve a new
steady state within 2 (0 3 minutes. For constant-
intensity exercise in this domain, the oxygen deficit
that is incurred at the onset of exercise may cause
blood lactate to rise transiently before it returns to
resting levels as exercise proceeds. On the other
hand. the imposition of an exercise challenge that
is just above the LT causes blood lactate to rise until
it attains o steady state level that is higher than the
resting concentration. In this exercise domain. pul-
monary VO1 will also attain a delayed steady state
but the VO» that is achieved may be higher than
would be predicted based upon the relationship be-
tween VO» and exercise intensity for moderate ex-
ercise 130 The MLSS can be defined as the highest
running speed or power output at which blood lac-
tate remains stable or increases only minimally (<
1.0 mmol/L) between 10 and 30 minutes of exer-
Cise 09131 The MLSS therefore demarcates the
highest exercise intensity at which a balance exists
between the appearance of lactate in the blood and
the removal of lactate from the blood during long
terin exercise, and is perhaps the “gold standard’
measure of endurance exercise capacity. In theory.
the MLSS is the same as the concept of “critical
power’ (CP)I7+76:152L or “critical velocity ™! 133153 that
is represented by the asymptote ot the hyperbolic
relationship between exercise intensity and time to
exhaustion. Submaximal exercise above the CP/MLSS
is associated with an inexorable increase in blood
lactate, pulmonary ventilation, and VO- with time,
and depending on the exercise intensity, VO» nm)
even rise to attain VO 770131 This “drift’
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Endurance Trainimg and Pectormance

VO- during constnt-load exercise o values that
are greater than might be expected has been termed
the VO, slow component. While the mechanisms
responsible for this uppurent metabolic inefficiency
during high intensity submaximal excrcise are not
Fully understood 15550 e xercise that elicits o VOs
stow component is pootly wlerated by volunteers 11371
Thereture, training programmes that attenuate the
VO, slow component or that extend the range of
exercise tntensfues over which the slow compo-
nent does not develop will improve endurance ex-
creise performance,

Several studies huve evaluated the ettects of en-
durance training on VO kineties during cycle ex-
ercise. in general, the steady stute VO tor the same
moderate tensity exercise has not been tound w
change tollowing i period of endurance taining 1591981
although the primary exponential increase in VO,
at the onset of exercise may be speeded 381341 [y
cross-sectional studies, the VO, on-kinetic adjust-
ment to the same absolute or relative exercise n-
tensity has been reported to be faster in individuals
with higher VO, values 1581000 Fygrer VO Ki-
petics 4t exercise onset, resulting in a more rapid
attwnment ot the requisite steady state oxygen up-
take. nught be important in reducing the initial ox-
yeendeheitand linnting the early increase i blood
lactute. A speeded VO, on-Kinetic response may
fuctlitate the rapid establishment of an wtcacellular
environment that allows nghter metabolic control
luter in exercise 192 Whether the primary mech-
anism for any speeding of the initial VOs response
to exercise Is related o increased O» delivery to
muscle or to a reduced mertia of the intwacellular
oxidative muchinery consequent to an increased
muscle mitochondrial density is debuaged 391631
Endurance training increases the CRH1-1000 g0 re-
duces the magnitude of the VO, slow component
{(defined as the increase in VO» between 3 and 6
minutes of exercise} for the same absolute power
output L1718 Recent work in our laboratory has
shown that 6 weeks of endurance running training
results in a significant increase in the running speed
at the MLSS, PV and a significant reduction in the
amplitude of the VO, slow component (from 321

- Adis Internaticnal bnmeted. Allights resarved
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Fig. 3. The effect of 6 weeks of endurance training on the oxygen
uplake response 10 @ constant-oad heavy exercise challenge
in a typical individual. Note the marked reduction in the oxygen
uptake (VO.) slow component (unpublished data)

w 217 mlimn on averager for the same absolute
treadmill running speed (unpublished observations:
tig. 3} Although the reductions m blood lactate
levels, ventilation. heart rate and plasma catechol-
amine levels that accompany endurance training
(see section 4) might partly explain the reduced O
cost of heavy submaximal exercise after training.
it appears that intramuscular changes and possibly
alterations m motor unit recruitment patterns might
be more important.!%10 Of interest in this re-
spect i1s the suggestion that the relative contribu-
tion of the VO slow component to the total VO
response [o heavy exercise s negatively related to
aerobic fitness {as VO, ) and/or the proportion
of type I fibres in the working muscles 11561

6. Conclusion

Endurance exercise training results in numerous
adaptations to the neuromuscular, metabolic, cardio-
vascular, respiratory and endocrine systems. These
adaptations are reflected in improvements in the
key parameters of aerobic fitness, namely the
VO . exercise economy, the lactate/ventilatory
threshold and the CP which will intluence the ox-
ygen uptake kinetics. An improvement in one or
more of these parameters will result in an improve-
ment in endurance exercise performance consequent
to a rightwaed shift at various points on the velocity-
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GH2

tme curve, The uter will allow an athlete o exer-
cise For loneer at the suanme exercise inensity or ro
sustantachrgher speed fora given exercise duration
Although the acrobic parameters reviewed above
are important determinants of endurance exercise
performance. it should be borne in mind that com-
petitive performance also depends upon psycho-
logical fuctors. race tactics and the prevailing envi-
ronmcental conditions, Tn addinon. an athlete's ability
to cencrate ATP anacrobically can be important in
sprint inishes between athletes whose aerobic capa-
bilities wre sl T Fukuba and Whipp! 7!
have recenty suggested that an athlete™s anacrobic
work capacity (aderivative of the concept and con-
putation of critical power) can determine his or her
ahility o mitate or respond o sections of a race
that are Taster than the athlete’s best average velocity
for the distance.

While the parameters of aerobie fitness are inter-
related 19 the specilic emphasis placed on the train-
ing of cach of these will depend upon an individual's
personal physiological “strengths” and “weaknesses’
(which may be assessed in the sports physiology
laboratory). and the duration of the event being
trained for. Forexample, 1 3000m runner may place
spectal amportance on the development of the V-
VO, and anaerobic capacity, while a marathon
runner Ny focus on raining to improve running
ceonomy and the running speed at lactate thresh-
old. Preseatly, littde s known about the most effec-
tive training practices for specitically improving
the key parumeters of acrobic fitness, or for altering
Jilferent points on the velocity-time curve in order
o elfect a shift to the right of the velocity-time
elationship. Exploration of the effect of variods
:ombinations of training volume, intensity and tre-
jucncy onthese dererminants of endurance perfor-

nance remains a frwtful area for future research.
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Introduction
. 5
ver the past two decades, coaches
and sports scientists have shown
keen nterest in determining those
physiological characteristics that allow
distance runners to perform exhaustive
exercise. Specifically, the coach and scien
tist have been concerned with optime g
performance and the prediction oi
petitive success' ' Maximal oxygen upi.:

v _________'__

groups that c)‘r’ffték in performance.
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has been the physiological variable to
“Which most_attention has been paid'’
Consequently, we have a great deal of
information about averaged values in the
different sport disciplines. However, we do
not have the certainty of any study deter-
mining the values and differences of
VO,max among homogeneous groups of
athletes competing over different distances
and we could not find a review placing the
levels neccesary for different performance

fevels at each distance.
T’/ A

i The purpose of the present study was t
determine the VO,max differences in run-

ners of both genders and to find the

V0,max values for groups of athletes com-
peting in different distances in order to be

able to examine the differences in this vari-
able among athletes of different competi-

tive performance levels.

|

Material and methods

Subject selection

A group of 137 male and 53 female run-
ners training to compete in top-level run-
ning events was selected on the basis of
their performances. The mean velocity
achieved during their season's best per-
formance had to be among among the best
fifty ever in the Spanish rankings (2002).
The performances were obtained after con-
sulting the official rankings published by
the Statistics Department of the Real Fed-
eracion Espanola de Atletismo. All runners
had been training for more than ten years
and achieved national or international lev-
els of competition (39 male and 17 female-
trained runners had taken part in the

Olympic Games).

The runners were also dichotomised into
groups in accordance with their best per-
formance capabilities®": Sprint trained
(100m and 400m); middle-distance trained
(800m, 1500m, 3000m and 3000m steeple-
chase) and long-distance trained (5000m,
10,000m and marathon) (Table 1). In each

event the athletes were divided into “Class
A", which comprised the half of the group
with the best performances, and “Class B,
which included the remaining athletes.

The criteria applied to determine the best
performances of those athletes involved in
several events was established by means of
the corresponding performance equivalence
according to the scoring tables published
by the International Association of Athletics
Federations (IAAF)". The IAAF, using a data-
base of performances obtained at world
level, assigns a point score to each
performance, enabling a comparison of
different performances in different events.

Ergometric measurement

VO,max values were determined at the
National Centre of Sports Medicine in
Spain. They were measured during a maxi-
mal aerobic power test on_a treadmill

(Jaeger Laufergotest, model L6), within the
two months of the athlete’s best perform-
ance. During this period, the athletes main-
tained their normal training programme. In
the test the runners underwent a stepped
protocol. The initial velocity and inclination
were 8 km/h™' and 1%, respectively. The
velocity was increased by 2 km/h'1 after
every 3 minute stage. From the 7th (for
males) and 6th stages (for females) the
velocity was increased by 1 km/h' every
minute with a simultaneous increase in the
slope of 2% per minute up to a maximum of
5% until the subject reached voluntary

exhaustion.

The VO, values were measured using a
Jaeger EOQS-Sprint spiroergometer in con-
junction with a Hellige Servomed oscillo-
scope. The VE was measured using a peu-
motachograph that was specially designed
to keep linearity at high volumes. The CO,
exhaled was measured using an infrared ray
analyser and the O, by means of a para-
magnetic system (both from Jaeger).
VO,max was chosen as the highest VO,
value in the series of 30sec-by-30sec VO,

values.

* no. 3/2005

New Studies in Athletics




New Studies in Athletics » no. 3/2005

A review of the maximal oxygen uptake

————
T —

B _
BAloo, ;.

Bibliographic review

Specific bibliographical analysis was car-
ried out selecting only those studies show-
ing the VO,max values in athletes whose
performance level was clearly pointed out.
For all the studies we estimated the coeffi-
cient of variance of performance (CV). In
the studies in which the authors did not
show enough data in order to carry out this
estimation, the range of performance was
indicated. If there was a study in which the
authors showed the individual performance
of a runner in more than one event, the
athletes were included in an event according
to their highest IAAF Score.

Statistical Analysis

Data were expressed as mean+SD. The
coefficient of variance of performance
(CV9%=100xSD/mean) was calculated. A

values necessary (orLiﬁmW pesformant.
KHE

il = I B 4 i o L
ATQrHs KAI AG..;
multivariate linear Al

adjustment according to Bonferrri:
bilities, using VO,max as the oo
variable versus the type of ever.
independent variable. A value p<(..f
considered indicative of statisticai «i
cance. The statistical analysis was per
formed with the Statistical Package for
Social Sciences (Version 12.0).

——

Results

Table | shows the descriptive statistic for
each distance in relation to gender.

Significant differences of VO,max among
athletes from the 100m and 400m, were
only observed in the female sample

(p<0.01). However, a more detailed analysis
in male athletes showed that the better_.l_.

Table 1: Descriptive statistics in highly trained male and female runners

T Event Performance VOgmax Age N Performance VO2max Age N
(ml/kg'/min')  (years) (ml/kg'/min’)  (years)
T - | T
100m 10.70 61965 | 214 | 1| 1218 w2e56 | 19 |5
oV = 22% 8 | vV=18%
400m 4777 625+62 | 29 | 2 | 5523 566+ 44 | 223
v =21% 2 | o =42%
800m 1:50.07 685+50 | 217 | 2 | 2.07.13 634+ 66 | 228
V = 28% 4| ov=20%
1500m 3:42.08 739+57 | 42 | 1| 41965 617+58 | 248
oV = 30% 8| (V=42%
3000m 7:45.53 77644 | 269 | 3 | 91161 692+53 | 217
o = 05% v = 2.0% |
3000m 8:38.90 799+55 | 28 | 9
steeplechase | (V =2.2%
5000m 13:45.49 789+85 | 251 | 7 | 151388 698+ 115 | 266
] o=43% v = 45% |
10000m 28:58.75 77156 | 21 | 1 | 335477 711+83 | 246
oV =33% 7| V=31% B
Marathon 21321 | 801+40 | 304 | 1| 2355 | 73767 | 308 | 10
=2 | 9| = 6% B

CV = coefficient of variation in performonce
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Fale 2: VO,max in male 100m and 400m runners

References

] | Performance VO, max (ml/kg ' /min’) ]I
nom |
9 10.52
L V= 1.6% 513+ | The curcent study “Class A" runners
Rl 10.7
vV =1272% 619+6.5 The current study
7 11.00
Vv =10% 52+2 i
7 11.00
vV =55% 591423 4
400m
9 45.6
| V=13% 60.6+3.2 )
9 45.6
vV =13% 60.6+3.2 !
1 46.92
vV =11% 64.8+4 :
1 46.97
vV =08% 617+46 The current study “Class A" runners
2 46.98
45.63-48.33 63.7 "
2 47.77
V=21% 62.5+6.2 The current study
3 479
(V =23% 59.7+4.0 ¥
20 48.0
vV =2% 595+35 "
18 Range 44.7-
523 61.4+6.3 N
4 Range N
50-53 53+3 !

(V = oefficient of variation in performance

runners_in the 100m (Class A, n = 9) had a
_runner

ywer VO,max than the remaining athletes,

573 vs 66.5 ml/kg'[min”, respectively.
crefare, the better mrtunners showed

lower VO, max compared to the 400m run-

\ ners (_p<0001]

_The male 100m and 400m groups pre-

sented a lower VO,max compared to mid-

i0 —

dle-distance and long-distance runners

(p<0.00TT Stmilar results were found for

the female samples. However, the signifi-
cance levels were smaller due to the size of

the samples.

In male 800m runners, the VO,max was

lower compared to 1500m, 3000m 3000m

steeplechase (p<0.01) and long-distance

e
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Tatle 4: VO,max in male 3000m and 3000m steeplechase runners

[ N | Performance |J VO, max (mlfkg/mia) . References E
' 300m | } | |
i 3 | 7:4553 |
P J___ (V=05% | 776+44 | Thewrrentstody |
9 s | ' |
| a-a9% | 7i0ess | = _ |
B | 81084 | ! |
;'___ - } V=23% | 729+47 - il
| 3000m steeplechase |
14 8:29.15
V= 13% 79.3+34 The current study “Class A" runners
5 8:38
V=12% 124+12 ‘
9 §:38.90
vV =122% 79.9+55 I The current study

(V = coefficient of variation in performance

1500m runners was lower compared to

‘ runners (p<0.001). The VO,max of the male

3000m runners (p<0.05) and marathon run-__|

ners (p<0.001). The female 800m and 1500m
‘runners had lower VO,max values compared
to marathon runners (p<0.001). In both gen-

) ders, the marathon runners presented the

higher VO,max values, however the 3000m,
3000m steeplechase, 5000m, 10,000m and
marathon groups did not differ significantly.

The comparison of our results with those
obtained in other studies is evidenced in
Tables 2 to 8. The different studies are
organised downwards according to the
worst athlete’s performance.

Discussion

The mvolvement of the aerobic mgl;abo—

e

IJ5m m _energy productxon ro resswel
mcreases from _ the 100m to If{iﬁm and

3000m Pvmt‘; Therefore, it will be nccessary
for the VO,max to increase at the same rate
to achieve an equivalent performance. This
supposition has been confirmed in the pres-

ent study. Hence, if a athlete wants to cover
a distance greater to the one appropiate for
her/his physiological condition with an
equivalent performance (being her/his
VO,max inferior) or keeping the same speed
as a top-level athlete in that distance, he/
she would have to produce energy anaerobi-
cally from the first seconds of the event. This
would cause an excessively quick accumula-
tion of lactate in the muscle and blood and
consequently the need to reduce speed
drastically before finishing the competition.

The involvement of the aerobic metabo-
lism in energy production in the 3000m,
5000m, 10,000m and marathon does not
differ significantly. Therefore, no significant
differences in VO,max should be expected
among these athletes and, indeed, in this
study, the VO,max did not differ signifi-
cantly between these groups.

Many researchers have attempted to
explain how the variable VO,max can
account for a vast proportion of the vari-
ance in distance running performances. A
between VO,max

significant relationship
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Table 3: VO,max in male 800m and 1500m runners

Is

New Studies in Athletics * no. 3!20}5

= coeﬁw e

? Performance VO,max (ml/kg"/min") References
800m !.
12 1:47.54 _:
Vv =15% 68.1+54 - The current study “Class A" rynners |
5 1:48.99
V=29 672+35 & i
14 1:49.1
v =17% 67.1+34 i
6 Range
1:47.64-1:50.42 68.7 : L
24 1:50.07
V=28% 68.5+49 The current study
1:53-2:00 65+2 8
1:59.4
V =04% 60+3 "
1 2:05
V=138% 658+14 =
1 2:12.6
vV =55% 616+5.1 )
1500m
9 3:36.56 '
% \CV =1.0% C::D The current study “Class A" runners
~3:4643
18 3:42.08 739+57 The current study
vV =130%
8 3:44.55 715+438 :
v =16%
12 346.73 72+43 &
N =122%
9 3:49.3 71.2+417 =
V =44% B
18 3:50.08 722+43 &
V = 4.3% Y
56 T4 C 625 g
( V= 10.3% \ |
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Table 5: VO,max in male 5000m and 10,000m runners

j N Performance i VOzmax [ml',f’kg min } }J References
| 35 00m (J//»—\ Jr o
13:18.22 | / w
| | vV =05% 21+47 __The current study “Class A” runners
J| g 45 G
g'[ g| V= 43% || 78985 1 The current study
s | 13:46.45 | |
l } (V = 3.8% | 720146 | = i -
} 6 J 13:58.8 | |
13:57.1 - 14:004 | 75.3 %
' 8 14:04.70 |
W=30% | 744+40 . )
l 8 14:05
v = 0.6% 744+13 6
7 14:48
V= 14% 737415 1
8 14:49.00
o =17% 731+25
12 16:07
OV = 40% 64.1+39 v
14 T N\ |
L (V=48%/ [ 604+14 A
[ 10000m | B
9 28:17.81
| V= 18% 765+59 The current study “Class A" runners
1 | 28.33
oV = 20% 715+446 5
22 28:53.4 |
OV = 36% 758+34 »
5 Range
28:36.6 — 29:21.0 78.6 I
17 28:58.75
V =33% 771554 The current study
10 3143
OV = 5.6% 65.3+49 0
12 32:06.00
= 3.1% 717+28 1
10 32:17 4
| V =39% 64821
|20 32.27
{ vV =31% 675+39 n
9 33:47.13 |
V= 15% 68.6+0.7 I B
21 | 34006 |
| G- | o2 )

(V = coefticient of variation in parformance
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Table 6: VO,max in male marathon runners

]- N }%_ﬂormc}? max (il/kg/min") References
10 2:10:56 ) )
-V =13% 81.2+3.9 | The crrent study “Class A" runners
19 +3-
vV =122% 80.1+4 The current study
8 2:15 AL ¥
5 Range
o | 2:12:07-2.21:04 73.86 .
5 2:17-05
| o =17% 76.7+07 @
12 2:21
< 2:30 718+12 X
4 2:23:42
vV = 40% 724+23 "
6 2:27:23
vV =58% 714+42 i
13 2:29:59
vV =6.5% 725+38 '
9 2:30:42
vV =54% 604+6.5 “
10 2:32:31
V =54% 63.2+29 "
12 2:36:37
vV =62% 73151 9
16 2:.37
2:30 - 3:00 65.6+12 X
20 2:39:42
vV =155% 68.1+7.7 ;
6 2:39.43
vV =12% 707407 y
7 2:40:24
vV =29% 700+18 b
10 2:43:48
V=167% 68+54 “
13 2:46.07
V= 14.2% 617475 '
PA] 3:04:36
vV =125% 619+56 "
b 3:19-24
WV =12% 60 “
1 324
B > 3:00 587+19 *
46 3:26:00
Q=T 58.3 444, N |
5 17 3:26:54 > Fs i1 |
\oa=msy) [ ers90 ) ’ |

v = meﬁi(iemm performa

New Studies in Athlenics * no. 3/2005




* no. 3/2005

Hew Studies in Athletics

A review of the maximal oxygen uptake values necessary for different running performance lex e

[s

Table 7: VO,max in female middle-distance runners

) N [l Performance ( VO,max (ml/kg"/min") References
1500m | | | }'
4 ’ 1.09.89 / || |
vV =3.0% J 62.2+4.1 | The crrent study “Class A" runners 1
‘ 9 | 41945 |
J (V=42% | 61758 | The current study - }
6 Y | | |
N | w=53% | 6394 } s |
g | 4.294 { |
( V=43% |  625+37 } n
3000m
3 9.0159
V=106% 66.9+1.2 The current study “Class A" runners |
6 I 9.11.61 ’ I
V= 20% 692+53 The current study
10 J 9.17.93 ’ l
Vv =3.7% 6355 ' .
16 10:14.96 | |
V =47% 56.4-+44 _ll u

(V = coeffident of variation in performance

and running performance has been found in
heterogeneous groups of runners. However,
different studies indicate that VO,max is
not a good predictor of performance in
more homogeneous groups of runners (e.g.
50) and it has been reported that VO, max
does not relate to endurance performance
within groups that are homogeneous in
terms of VO, max.

Nevertheless, the plateauing of maximal
oxygen uptake in elite endurance athletes
has been documented for many years in

case studies only®

It cannot be argued from these data that
VO,max is unimportant. In this study, all
endurance elite runners exhibited high
values. The current data suggest that a high
V0,max helped each subject gain member-
ship to this elite performance cluster. As
the VO,max values are predetermined

genetically, it is unrealistic to hope for
great increases due to training effects.
Knowing the VO,max values of groups of
athletes on different levels of performance
is considered important for determining the
maximum performance limit of an athlete
in relation to his/her VO,max as well as an
important point in the process of detection
of sports accomplishments.

In the 100m, the lack of sufficient
studies and the data obtained in our study
do not allow us to reach definitive conclu-
sions. Nevertheless we can deduce that the \
best athletes of this event achieve a
VO,max average < 60 ml/kg'[/min", being
in accordance with data obtained from a X
study of athletes who achieved a per- )
formance better than 10.55 and a VO.,m.ix /

I

of 5746 mlfkg-1/min". The 400m athictes

with performances between 45.6 an
do not vary substantially with VG i
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Table 8: VO,max in female long-distance runners

between 3:36.0 and 3:50.0 have VQ,max

N Performance VO,max (ml/kg'/min") i References
5000m
2 15:13.88
B (V =45% 698115 The wrrent study
9 19:54
vV =70% 526+09 B
10000m
3 33.09.60
Vv = 0.6% 74657 The current study “Class A" runners
5 335477 '
vV =131% 71.1+83 The current study
30 38.26.7
V= 68% 53.5+3.6 “
13 40-42.79
v =191% 597253 t
Marathon
5 2:29.42
v =18% 758+64 The current study “Class A" runners
10 2:35:50 '
vV = 4.6% 131 E87 The current study
6 2:41:51
vV =12% 66.1+14 W
9 3.07:57
vV =63% 58.2+48 ’
6 3:21:48
vV =09% 60 “
13 3:47 51.8+3.2 i N
10 4:42 458+5 = J
(V = coefficient of variation in performance
values being between@: mi/kg '/min"./ The 1500m athletes with performances
p

"For those with a best
48.0, the VO,max value is slightly inferior

to 60 ml/kg~'/min".

formance over

[n the 800m, athletes with a best perform-

ance between

1:47.5 and

1:50.0 had a

V0,max average of 68 ml/kg'[/min"'. For ath-
letes with a best performance close to or
more than 2:00.0 the values are considerably

{ower.

values that average between 72 and 75
mifkg'/min". In athletes with inferior per-
formances, the values decrease considerz

For the 3000m and 3000m steeplechase,
due to the low number of studies, conclu-

sions cannot be reached. \
&
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In the 5000m, athletes with a perform-
ance inferior to 13:30.0 achieve an average
VO,max value close to 80 mi/kg'/min-'. For
performances between 14:00 and 15:00,
the values were between 73 and 75 ml/kqg"'/
min”', disminishing considerably for per-

formances above 16:00.

In the 10,000m, athletes with a best per-
formance between 28:17 and 29:00 had
VO,max values between 76 and 78 ml/kg '/
min’'. For a clearly inferior performance
(31:30), the average VO,max is inferior to

70 ml/kg"'[min.

The performance level of our marathon
runners was superior to those observed in
the rest of the studies and the VO,max
found was clearly higher. In marathon run-
ners with a performance between 2:16:00
and 2:30:00, the VO,max is between 72 and
76 mlifkg™'/min"'. For performances of more
than 2:30:00, the average VO,max value is
inferior to 70 ml/kg'[/min"".

In general, we can assume that among
groups of athletes with relatively small
performance differences, there will not be
significant differences in VO,max (ml/
kg'[min™'), but there will be when groups
with significant performance differences

are compared.

Studies described the VO,max (ml/kg-'/
min') of different top-level athletes and the
performance in competition®*. These
authors studied seven female middle-dis-
tance runners (four were top-level 1500m
runners - avg time 4:07.9 (CV = 1.11%), one
a 3000m runner - 10:03, one a 3000m and
5000m runner - 8:48, 15:22 and one a
5000m runner - 15:25). They also evaluated
nine top-level long-distance runners (five
10,000m runners - avg time 32:47.2 (CV =
1.26%) and four marathon runners - avg
time 2:31:17 (CV = 1.7%) and 14 “good”
runners (11 of them ran their first 10,000m
in an average of 38:37 with a range of
36:10 to 41:52) and 3 marathon runners
whose performances were not reported. The
VO,max for middle distance runners was 68

+ 3.7 ml/kg'/min”', for long distance -
ners 66.4+4.5 ml/kg'/min"' and for”gmd"
runners 58.6+5.2 ml/kg'[min"'. The yesa ts
supplied by these authors corrodora’ -'
there are big VO,max differences & g
athletes who differ significantly 1 o
performance while, in turn, the differences
among remarkable 1500m, 3000m and
5000m runners are not important when
compared with long-distance athletes. The
performance of the runners studied by
these authors is generally slightly better
than those in our study. However, their-
average VO,max value is slightly lower than
that of our athletes, corroborating that
among athletes with a narrow scope in
performance, the VO,max is not a good |

performance predictor.

Similar to male athletes, in the few
events with a sufficient number of studies,
we found VO,max differences only when
there were significant performance differ-

ences.

Conclusions

This study has assessed the VO,max in
high-level runners and made an exhaustive
bibliographic analysis with regard to the
maximum limits of performance associated
with VO,max values. The results highlight
the importance of evaluation of VO,max to
determine the maximum level of perform-

ance an athlete can be expected to achieve.
L
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The role of anaerobic ability in middle distafce running performance
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Summary. The purpose of this study was to assess the
relationship between anaerobic ability and middle dis-
tance running performance. Ten runners of similar per-
formance capacities (5 km times: 16.72, SE 0.2 min)
were examined during 4 weeks of controlled training.
The runners performed a battery of tests each week
[maximum oxygen consumption (¥ O,nma,), vertical
jump, and Margaria power run] and raced 5 km three
times (weeks 1, 2, 4) on an indoor 200-m track (all sub-
jects competing). Regression analysis revealed that the
combination of time to exhaustion (TTE) during the
V'O max test (r* =0.63) and measures from the Margaria
power test (W-kg~' r#=0.18; W, r?=0.05) accounted
for 86% of the total variance in race times (P<0.05).
Regression analysis demonstrated that TTE was n-
fluenced by both anaerobic ability [vertical jump,
power (W-kg=') and aerobic capacity (Y O3 max,
ml-kg~'-min~")]. These results indicate that the anae.
robic systems influence middle distance performance in
runners of similar abilities.

Key words: Power - Performance - Endurance run-
ners

ntroduction

Competitive distance runners and coaches emphasize
muscular and cardiovascular endurance in their trajn-
ing regimens. However, in a closely clustered race, fin-
ish place may be related to the ability to generate anae-
robic energy during or near the finish of the competi-
tion. Bulbulian et al. (1986) observed that anaerobic
bower measures accounted for a large amount of the
variance in predicting 8-km performance in a homoge-
neous group of collegiate runners. Little additional in-
formation is available addressing the role of the anae-

—

Offpring requests to:J. A. Houmard, Human Performance Labora-
tory, Sports Medicine BLDG, East Carolina University, Green-
ville, NC 27858, UsA

robic systems in distance running success. The intent of
the current study was to determine if anaerobic ability
was related to middle distance running performance
(5km) in a group of competitive runners with similar
performance capacities.

Methods

Experimental design. Ten weli-trained male distance runners
(mean, SE) (age 32.0, 26 years: mass 62.18, 1.97 kg) participated
in this study. All subjects signed a letter of informed consent after
the risks and benefits of the procedures had been explained. The
men selected were well-trained competitive distance runners of
similar performance capabilities (3.3-3.6 min-km~' for 5 kmj)
who had maintined endurance training for at least 2 years. Wa
selected runners within this performance range since there was a
reasonable number of local athletes who could participate and
casily have their training monitored. Data from these subjects
have been presented in a previous publication (Houmard et al.
1990).

. After initial testing for maximum 0Xygen consumption
(¥ O1mas), subjects trained for 4 weeks at their normal weekly
training distance (mean, SE) (81, 5 km week 7!, 6 days-week ).
Based upon description of normal training (e.g. pace, number and
type of intervals run) we provided each subject with a schedule
detailing pace and distance. A detailed description of the training
program has been described (Houmard et al. 1990). During the 4
weeks of normal training the subjects were tested weekly and per-
formed 5-km races in weeks 1, 2, and 4. The testing and 5-km race
during week 1 served 1o familiarize the subjects with procedures,
and results were not included in the statistical analysis. Data are
presented for wesk 2 (race 1) and week 4 (race 2) testing points.

Testing procedures. The subjects performed a battery of tests at
the same time each week. Subjects reported on a Wednesday or
Thursday between 0600 and 0900 hours after an overnight fast.

Margaria power and verrical Jump. Subjects ran for 3 min as a
warm-up, and performed six modified Margaria power runs (Cos-
till et al. 1968). Running time was recorded to the nearest 0.001 s,
with the fastest run used for data analysis. A vertical jump test
was also performed (Costill 1967). A marker was placed on the
iliac crest and the subject jumped adjacent to a calibrated gnd.
Values were obrained to the nearest 15 mm by observing a video-
tape of the jump in slow motion. The highest of three jumps was
used in data analvsis.



VO3 ma. and iime to exhaustion. The subjects performed a maximal
treadmill test approximately 10-15 min after the power tests. The
subjects ran submaximally for 9 min [4 min at approximately 65%
(mean, SE: 65.96, 1.18%) and 5 min at approximately 85% (85.54,
1.24%) ¥ Ojpm..], after which the exercise was stopped for 30s to
obtain a blood sample for another study (Houmard et al. 1990).
The subjects immediately resumed running at the 85% ¥ O;ma.
speed, and grade was increased by 3% at 2-min intervals to volun-
tary exhaustion. The value for ¥ O3 .max Was the average of the two
highest 30-s oxygen consumptions. Time to exhaustion (TTE) was
recorded as the time from the re-initiation of running to voluntary
exhaustion. Expired gases were analyzed continuously for oxygen
(03) (S-3A O, analyzer, Applied Electrochemistry - Ametek, Pitts-
burgh. Pa., USA), carbon dioxide (CO,) (LB-2 Medical Gas Ana-
lyzer, Beckman, Sensor Medics, Anaheim, Calif., USA), and total
volume (Parkinson Cowan dry gas meter, Vacumed, Ventura, Cal-
if., USA), for the detzrmination of ¥ O,, ventilation (¥¢), and res-
piratory exchange ratio (RER). Heart rate was monitored by tele-
metry (AMF Quantum. Stamford, Conn., USA). Critenia for a
valid ¥ Oy max test (Astrand and Rodahl 1977) (RER > 1.2, plateau
of heart rate and oxygen consumption) were met in all maximal

tests.

Five-kilometer races. The subjects raced against each other at the
5-km distance on the Saturday of each respective week. These
races were held on an indoor 200-m track with all subjects run-
ning at the same time. The runners performed similar warm-ups
for 30 min before each race. Subjects were instructed to run as fast
as possible using their normal pacing strategies. Elapsed times
were read aloud and recorded each 400 m. Verbal motivation was
provided by the experimenters. Monetary and merchandise prizes
were awarded based upon performance and place.

Statistical analysis. Coefficients of variation (CV) were calculated
for all the measures. Statistical comparisons were made using a
repeated measures, one-way analysis of varance with the level of
significance at P < 0.05. Pearson correlation coefficients were cal-
culated between all the measured variables with significance de-
noted at the P<0.05 level. The data were also entered into a for-
ward inclusion and backward elimination linear regression analy-

Table 1. Mean (SE) of the measured variables at cach testing
point and their coefficient of variation (CV)

5 km race | 5 km race 2
Vertical jump (m) 0.40 (0.02) 0.42 (0.03)
Cv 15.8 22.6
Power (W) 951.1 (35.5) 889.3 (47.3)
Ccv 11.8 16.8
Power (W-kg~") 154 (0.6) 143 (0.7)
cv 1.2 1.5
V03mex (ml-kg~'-min~" 62.0 (1.3) 616 (1.0)
Cv 6.6 5.1
Time to exhaustion (min) 5.2 (0.3) 5.5 (0.3)
Cv 18.2 17.2
j-km race time (min) 16.68 (0.21) 16.77 (0.20)
Cv 39 3.8

VO3 max, Maximum oxygen consumption
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sis (SAS STEPWISE, SAS Users guide, i982) to select the vana-
bles that best predicted 5-km race times and TTE. Inclusion and
exclusion levels were at the 0.15 level. This type of regression
analysis has been used previously in a similar study (Bulbulian et

al. 1986).

Results

There were no significant differences (P>0.05) between
any of the measured variables or correlation coeffi-
cients for race | and race 2 (Table 1). Data for both
races were therefore combined for correlational analy-
sis. Significant correlations (P <0.05) were observed be-
tween FOsmax (ml-min~'-kg~') and TTE (min)
(r=0.51), while TTE also correlated significantly with
power (W-kg ~") (r=0.45) and vertical jump (r=10.46).
Final 5-km run time correlated significantly with verti-
cal jump, power (W-kg='), ¥Oima, and TTE (Ta-
ble 2).

Stepwise regression analysis revealed that TTE and
measures of power from the Margaria power test (Mar-
garia et al. 1966) accounted for a significant amount of
the total variance for race 1 and race 2. The regression
equations for the two races were: race | time = 1294.62
+ 0.10 (power, W) — 17.38 (power, W-kg ') — 24.06
(TTE, s); race 2 ime = 1207.2 + 0.06 (power, W) —
8.98 (power, W-kg ~') — 23.87 (TTE, s). There were no
significant differences between any of the parameters
in the prediction equations between race 1 and race 2;
therefore, an overall prediction equation was generated
(5-km time = 1235.8 + 0.10 (power, W) — 14.31 (pow-
er, W-kg~'") — 21.39 (TTE, s). Each vanable in the
overall prediction equation was statistically significant;
the three measures accounted for 86% of the vanation
in race times (Table 3); treadmill TTE accounted for
the most variance (63%).

Stepwise regression analysis was also used to deter-
mine which variables had the most impact upon pre-
dicting TTE. As indicated in Table 4, VO3 nax, vertical
jump, and power (W-kg~') accounted for approxi-
mately 42% of the total varniance in TTE.

Discussion

The subjects examined were well acquainted with the
testing procedures and performance was determined on
several occasions under controlled conditions. The ma-
jor finding was that measures of anaerobic ability con-
tributed to predicting 5-km performance.

The strength of a predictor variable in a regression
equation is influenced by both the homogeneity of the

Table 2. Pearson correlation coefficients for the selected parameters and 5-km race time

Vertical Power Power o T Time to exhaustion
jump (m) (W) (W-kg~™") (ml-kg~'-min~") (min)
S-km Race time —0.73*** =039 —074"*" —0.60"~ —0.79%="

=* P<0.01; === P<0.00]
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Table 3. Multiple regression analysis for the selected variables
and 5-km race performance

Partial  Independant  Multiple
I contribution  r*
o increase
inr~
Time to exhaustion {min) 0.63° P<0.001 0.63*
Power (W-kg ") 0.18*  P<0.001 0.81*
Power (W) 0.05* P<0.05 0.86¢
* P<0.05

Table 4. Multiple regression analysis for the selected vanables

and treadmill time to exhaustion

Partial  Independent  Multiple
r contribution A
to increase
in r
VOsmas (ml-min~"-kg~")  0.26 P<0.05 0.26*
Vertical jump (m) 0.12* P<0.05 0.37*
Power (W-kg™") 0.05¢ P<0.05 0.42*

* P<0.05

variable and the strength of its correlation with the de-
pendent variable (Bulbulian et al. 1986). Although
VO1max achieved a significant correlation with per-
formance, it did not enter the regression equation as a
significant predictor. The CV for power (W-kg~") was
much smaller than for ¥Ojq.,, vet power (W-kg~")
was a significant predictor for performance. This find-
ing suggests that the ability to exert anaerobic power
was related to 5-km performance, regardless of closely
clustered values. A similar conclusion was reached by
Bulbulian et al. (1986) in relation to 8-km running per-
formance.

~ The mechanisms associated with the differences in
anaerobic ability were not apparent from the measures
obtained in this study. One factor could have been be-
tween subject differences in the percentages of type Ila
or IIb fast-twitch muscle fibers (Thorstensson 1977).
Noakes (1988) hypothesized that faster runners pos-

sessed greater contractile properties in their skeletal

muscles. Future studies should examine muscle recruit-
ment patterns, contractility, relative enzyme activities,
and muscular hypertrophy patterns in runners of simi-
lar abilities.
standard test for ¥ O; ., involves incremental in-
creases in speed and/or grade. A strong relationship
has been observed between the peak exercise workload
achieved (the highest combination of speed and/or
grade achieved during the test, commonly expressed as
TTE) and 5-90-km distance running performance
(Noakes 1988: Scrimgeour et al. 1986; Tanaka et al.
1984). Noakes (1988) suggested that the peak achieved
workload was related to anaerobic capacity, since the
fastest 10-km runners also had the most powerful mus-
cles when tested on an isokinetic cycle ergometer.

As indicated by dur regression analysis, TTE was a
function of both aerobic and anaerobic abilities. This
finding suggests that the predictive strength of TTE lies
in the integration of several components of running
performance, including anaerobic ability, into one
measure. Of all the measures, TTE also had the highest
CV, despite the athletes possessing similar ¥ Oy ., val-
ues and performance capabilities. This heterogeneity
also helps explain why TTE obtained such high correla-
tions with performance in the current and other studies
(Noakes 1988; Scrimgeour et al. 1986; Tanaka et al.
1984).

Other factors such as running economy (Conley and
Krahenbuhl 1980; Costill et al. 1973) and the lactate
and ventilatory thresholds (Bulbulian et al. 1986; Far-
rell et al. 1979; Kumagai et al. 1982; Powers et al. 1983 ;
Tanaka et al. 1984) have been associated with 5- to 10~
km performance. [t is possible that the addition of
these variables to the regression equation could have

7 increased predictive power. However, the results of the

current study strongly suggest that measurements of
anaerobic ability should be included in future examina-
tions of distance running determinants.
In a practical application, these findin
middle distance runpers should utilize training whlch
develops the anaerobic systems. This would be particu-
larly applicable to runners who have focused upon
maximizing their aerobic systems, but placed little em-
hasis on the anaerobic s. Middle distance
Wmmnnly performed at 90-
100% VOszmax (Cosul! 1986; Davies and Thompson
1979). These relatively high intensities suggest a sub-
articularly near'the fini .
“E-___ ¥ r'the finish of the races )
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Metabolic Control and Its Importance in
Sprinting and Endurance Running

E.A. Newsholme
Department of Biochemistry, University of Oxford. Oxford, England

Sufficient knowledge of the mechanisms that control metabolism is
now available that it can be applied to exercise. In this chapter, two ex-
treme conditions of running are considered, sprinting and marathon run-
ning. Physiological and biochemical information about these two extremes
provides a basis for discussion of the fuel supply, the limitations in each
event and the possible causes of fatigue. A general account of fuel supply
and the bases for exhaustion in both sprinting and marathon running is
aiven in Newsholme and Leech [1983].

The Sprint

Fuels for the Sprinter
The gencration of energy in the muscles of the sprinter can occur

anacrobically. 1.e. without the use of oxygen. In muscle, only two fuels
p ovide energy anaerobically, creatine phosphate and glycogen. Adeno-
sine triphosphate (ATP) can be regenerated from adenosine diphosphate
(ADP) by the direct transfer of phosphate from creatine phosphate in a
reaction catalvzed by the enzyme. creatine kinase, as follows: -

Creantne phosphate + ADP = creatine + ATP. (1)

Gi.coven. which is a store of glucose within the muscle, is converted by
the process known as glycolysis to lactate which regenerates 3 ATP iniole-
cu. s for every glucose molecule used.

Ulucose-mn-glvcogen” + 3 ADP — 2-lactate ™ + 3 ATP + 2ZH". (2)
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This process penerates about 10-fold less ATP than complete oxidation of
U glucose 1O carbon dioxide and water, but the capacity of the process 1s high
- ~intype [TA-and type [1B fibers'so that the rate of glycolysis can provide all
- ... - the energy'required-by the muscles of the spn’nter;'iﬂ'dee(L the power oul-

put of the sprinter 1s severalfold greater than that of the endurance runner-
- :Sprinting utilizes-about 3 pmol ATP/g active musclels. It demands the
. -+ ...+ utilization of either {'pmol (or 0:4:mg) of glucose from glycogen O 3 pmol
creatine ph‘(}s"ph'at'e!s"{Newshofme";- 1980a]. Laboratory experiments dem-
* onstrate” that sprinting utilizes, -at most, 15 pmol creatine pi\OSphatea’g
muscle :[1hc'toiél- store is 18 gmol). This would provide energy for 5s of
~sprinting. which supports the conclusions of ‘previous work based on
Jlactate production. Itis likely that, for the first 2-3 s of the sprint, creatine
‘phosphate provides most-of the energy for regeneration of ATP but then
glfcoiy’sis gradually takes over. so that by S s the latter process provides

almost all the energy. :

The concentration of glucose as glycogen in human muscle is approxi-
mately 80 pmol/g and is probably somewhat higher than this in the muscle
of elite sprinters. This could provide, in theory. 240 pmol ATP, which 1s
sufficient energy for 80's of sprinting. But maximum power output (1.8
that achieved in the 100-meter sprint) cannot be maintained for 80 s. In
other words the power output is reduced as the duration of the race in-
creases above 100 m. Laboratory experiments demonstrate that fatigue OC-
curs in sprinting-type activity when less than half the total glycogen store

has been used. Of importance for understanding the metabolic basis of fa-

tigue is the observation that the exhaustion occurs when the lactate con-
centration in the muscle approaches about 30 mM. However, it is not the

lactate per se thatis responsible for fatigue but the accumulation of hydro-

gen ions (H*) within the cell. Hydrogen ions are formed together with the

\ lactate during glycolysis (see above). The concentration of hydrogen ions
is usually measured as the pH. whi'_ci_i.is the negative logantfﬁﬁ"aﬁ‘fd’rvogcn

ion concentration. Wﬂ‘Lwmeﬁ
decreases. The pH inside The muscle cell is 7.0 at rest; i decreases to 6.4
e ———

even lower during sgrint_i_no: tofex e

it

oL L JARRER {

e

g Ow the increase in the Jydrogen ion concentration causes fatigue 1s
not known, but it may interfere with the link between the nervous stimula-
tion of the muscle and contraction (i.e. the excitation-contraction coupling
process). Calcium ions are known to be intimately involved in this link
within the muscle, sO that it would not be 100 SUTPrIsiNg if high concentra-

tion of hydrogen ions (H7) interfered with the biochemical action of calci-
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Metabolic Control in Running

a the muscle. An alternative explanation ts that a decrease in

um ions withi
(PFK, via potentiation of

pH leads to inhibition of phosphofructokinase
the ATP inhibition) and this decreases the rate of ATP formation. This will
lead to a decrease in the ATP/ADP concentration ratio and, therefore, a
decrease in kinetic efficiency of energy transfer. In addition, it is possible
that a decrease in the ATP/ADP concentration ratio could be the signal for
inhibition of contractile activity just as it is the signal for stimulation of
phosphofructokinase.

Although direct measurements on pH changes in muscle during
sprinting are not available, the author considers that the increase in hydro-
gen ion concentration is not a limitation in the 100-meter sprint; the ability
to control precisely the rate of glycolysis may be the major metabolic lim-
itation over this distance (see below). However, in the 200-meter and es-
pecially the 400-meter sprint (and of course, longer distances) the process
of glycolysis will proceed for a sufficient time to cause an accumulation of
lactate and hence hydrogen ions. The time of exhaustion will depend upon
how much of the glycolytic end-products can be fully oxidized to carbon
dioxide and water and how much buffering capacity is present in the mus-
cles of these sprinters to slow the rate of decrease in the muscle pH.

Substrate Cycling in the Control of Glycolysis in Sprinters
The rate of glycolysis (glycogen conversion to lactate) in resting mus-
cle is about 0.05 pmol/min/g muscle. It increases to a maximum of 50-60

;cmol/min/g muscle during sprinting. How is this enormous increase in rate

achieved?

A key reaction in glycolysis, the phosphorylation of fructose 6-phos-
phate. is catalyzed by the enzyme PEK ., which plays an important role in
the control of the rate of glycolysis. Contraction results in an increase in
the rate of conversion of ATP to ADP which changes their concentrations
cuch that the ATP/ADP concentration ratio decreases. It is the change in
this ratio that is largely responsible for providing feedback control be-
tween the rate of ATP utilization and the activity of PFK and hence the
rate of glvcolysis. However, maintenance of the ATP/ADP concentration
ratio near to normal is required for kinetic efficiency so that large changes
in the concentrations of these energy nucleotides cannot OCCur. Conse-
a small change in the ATP/ADP concentration ratio must pro-
in the catalytic activity of PFK during sprint-
ry sensitive, so
ors produce a

quently.
duce the enormous increase
ing. This can be achieved only if the regulatory system is ve
that small changes in the concentrations of these regulat
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large response in the rate of enzyme-catalyzed reaction. This high sensitiv-
ity is achieved by the presence of a further enzyme, fructose bisphospha-
tase (FBPase) which catalyzes the reverse reaction to that of PFK, i.e. de-
phosphorylation of fructose bisphosphate: the simultaneous activities of
the two enzymes produce a cyclic flux from fructose 6-phosphate to fruc-
tose bisphosphate which is known as a substrate cycle. Such cycles provide
high sensitivity only if the rate of cycling compared to the net flux through
the pathway is high. The response of the cycling and glycolytic systems to
the race is seen as follows.

When the sprinter is resting in the changing room prior to the race,
the activities of both PFK and FBPase are thought to be very low. When
the sprinter is on his blocks waiting for the gun, the stress hormones, ad-
renaline and noradrenaline, cause a stimulation of the catalytic activities
of both enzymes, so that the rate of cycling is high. But, since the muscles
are not mechanically active, the encrgy demand is small and hence the gly-
colytic flux is very low. In other words, the flux through the PFK reaction
is almost *balanced’ by the flux through the reverse reaction (FBPase) so
that the net flux is low. This condition provides the high sensitivity; only a
small change in the ATP/ADP concentration ratio is needed to produce an
enormous increase in the ner flux. This change occurs, of course, when the
gun is fired and the race begins [Newsholme, 1980b].

Elite sprinters probably have a high capacity for cycling and it is pre-
dicted that the changes in stress hormones increasc cycling rates close to
the theoretical maximum, when required; i.e. when the sprinter is on the
blocks waiting for the gun during a competitive race. Although such pre-
dictions are very difiicult to test in man, experiments with isolated rat mus-
cles show that the stress hormones increase the rate of the fructose 6-phos-
phate/fructose bisphosphate cycle. Similarly, the substrate cycle between
glucose and glucose 6-phosphate is increased markedly upon flight in the

insect.

The Marathon

The major fuels fo. muscle during the marathon are glucose plus fatty

acids obtained from tj,= bloodstream and glycogen obtained from within
_the muscle, The 1mpo: At Timitations in the use of these fuels will be dis-
cussed below. From this it will be shown that these fuels should not be in-
discriminately used but that the rate of utilization of one fuel should be
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controlled not only in relation to the energy demand by the muscle but al-
son relation to the rates of utilization of the other fuels [Newsholme and

Leech. 1983].

Fuels for the Marathon Runner

Use of Blood-Borne Glucose. An elite marathon runner expends
energy at a rate of about 84 kJ - min~' during the race. Since 1 g glucose
produces 16 kJ energy on complete oxidation, the runner would use about
5 g glucose/min. Since the total quantity of glucose in the extracellular
fluid is about 10 g, glucose must be released into the bloodstream to pre-
vent serious hypoglycemia. This glucose is released from the liver. Experi-
ments with both man and other animals demonstrate that liver glycogen is
depleted during sustained exercise. Since the total hepatic store of glucose
is only 100 g this would suffice for about 20 min. This represents a rate of
glucose utilization of about 1.0 umol - min~' - g~! muscle. Although the
maximum activity of hexokinase has not been measured in muscles of elite
marathon runners, it is about 1.0 wmol - min~' - g~! in muscle of fit normal
subjects. This suggests that the marathon runner could support the energy
demands of muscle from utilization of blood glucose alone, but only for a

limited period.

Use of Muscle Glycogen. In sustained exercise muscle glycogen is
depleted gradually. Volunteers were exercised on a bicycle ergometer at
such an intensity that they became exhausted after about 100 min. Glyco-
gen was assayed in biopsy samples of muscle taken during the exercise
penod: glycogen depletion occurred over the entire exercise period and
exhaustion occurred when the stores were depleted. From the glycogen
content of human muscle. it can be calculated that, if the total muscle gly-
cogen could be used. it would provide energy for about 70 min of mara-

thon running.

Use of Blood-Borne Fatty Acids as a Fuel. The largest fuel reserve in
the body is triacylglycerol (fat) which, in theory, could ensure fuel supply
for perhaps 70 h or more of marathon running. Triacylglycerol is stored in
adipose tissue which is distributed diffusely throughout the body; for
exumple. under the skin. around the major organs and in the peritoneal
cavity. [tis released from adipose tissue as long chain fatty acids which are
transported via the bloodstream to the muscle where they are taken up
and oxidized to carbon dioxide and water. The blood concentration of
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fatty acids increases during sustained exercise by 3- to 6-fold and may
reach a concentration of about 2 mM. A concentration of 2 mM reflects
the maximal capacity of the high affinity binding sites for fatty acids on
albumin. Higher concentrations will increase the free concentration of
fatty acids but this will lead to the formation of micelles which are known
to be dangerous. They damage cell membranes, increase the rate of aggre-
gation of platelets, cause inhibition of enzymes and, in hypoxic conditions,
increase the risk of cardiac arrhythmias.

Despite the fact that fatty acids are known to be used by muscle in
prolonged exercise, there is evidence that their rate of oxidation cannot
provide sufficient energy for the muscles [for references, see Newsholme,
[981]. (1) If carbohydrate stores of the body are depleted by feeding sub-
jects a high fat diet prior to exercise, a given level of exercise produces ex-
haustion considerably more quickly than for subjects on a normal diet or a
high carbohydrate diet. (2) If the carbohydrate store in the muscle is ele-
vated. a given level of exercise can be maintained for a longer period of
time. (3) If the fatty acid concentration in the blood is artificially elevated
prior to exercise, a given level of exercise can be maintained for a longer
period of time. (4) In ultradistance runners, studied during a 24-hour run,
the energy expenditure gradually declined from 87.5% of the maximum
rate of oxygen consumption after 1 h to 44.4% after 24 h. It seems likely
that, during this run, the availability of carbohydrate was progressively re-
duced so that fatty acid eventually became the only available fuel. This

gest that fatty acid oxidation alone can provide about 50% of the

would sug
(=
personal communication]

maximum aerobic power output. (5) Cerrerelli |
has investigated the Vo..... of a patient with muscle 6-phosphofructokinase

deficiency. The rate of glucose oxidation would be minimal in this patient
so that fatty acid oxidation wouid provide most if not all of the energy.
Cerretelli found that the Vo, IS approximately 60% of what would be ex-
pected from other physiological characteristics of the patient.

GlucoselFatty Acid Cycle in Prolonged Exercise
The increased concentration of fatty acids in the bloodstream during

prolonged exercise increases their rate of oxidation by muscle which de-
creases the rate of utilization and oxidation of both glucose and muscle
glycogen. The mechanism of this regulation by fatty acids is as follows.
Fatty acid oxidation in muscle raises the intracellular concentrations of the
important allosteric regulators of glycolysis and pyruvate oxidation, ace-
tyl-CoA_ citrate and glucose 6-phosphate. An increase in the acetyl-CoA/
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In adipoge tissue, (he Process of lipolysis occurs simuhaneous!y with
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that of esterification, so that triglyceride is broken down to fatty acids,
which are re-activated and re-esterified to form triglyceride. Thus, a sub-
strate cycle between triglyceride and fatty acid is present in adipose tissue.
It is suggested that one role of this substrate cycle is to provide a sensitive
control mechanism for fatty acid mobilization. Thus, changes in blood
levels of lipolytic and/or antilipolytic hormones and other lipolytic regula-
tors could ensure that the rate of fatty acid mobilization is the same as that
utilized by the muscle so that exercise causes neither an excessive increase
in the fatty acid concentration, which could be dangerous, nor too small an
increase which would permit glucose to be utilized and result in hypoglyce-

mia. There is now some evidence in experimental animals that the cate-

cholamines both in vitro and in vivo increase the rate of the triglyceride/
fatty acid cycle [ Brooks et al., 1982]. Endurance training may acrease the
capacity of the triglyceride-fatty acid substrate cycle in adipose tissue soO
that an increase in the cycling/flux ratio could easily be produced to pro-
vide a control mechanism sensitive to small changes in the concentrations

of hormones and other regulators.
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Three Players Of Distance Running
=

An In-Depth Look
at Lactate Threshold

This is the second in a series of three articles by exercise physiologist/coach Jason Karp on “The
Three Players of Distance Running.” This one explains Lactate Threshold and its significance for
endurance running. The final article will discuss running economy,.

Lactic acid was first discovered
in 1780 in sour milk. In our bodies, it
is produced in a metabolic pathway
called glycolysis, a series of nine
chemical reactions that breaks down
glucose to provide energy (ATP)
for muscle contraction. Pyruvate,
the final product of glycolysis, has
two fates: (1) conversion to Acetyl-
Coenzyme A and entry into the
Citric Acid Cycle (Krebs Cycle) or
(2) conversion to lactic acid.

The lactic acid conversion oc-
curs when oxygen is not supplied
fast enough to meet the needs of
the muscle cells, as has been known
since the 1920s, when Nobel Prize
winners A.V. Hill and Otto Mey-
erhof discovered that lactic acid is
produced during fatiguing muscle
contractions in the absence of oxy-
gen. When lactic acid is produced

at the pH of our body fluids, it
immediately releases a proton and
thus exists as the molecule lactate
rather than as its acid form.

Since the time of Hill’s and
Meyerhot's groundbreaking find-
ing, lactic acid has been the exer-
cising community’s scapegoat for
fatigue. But there has never been
any experimental evidence that has
shown a cause-and-effect relation-
ship between lactate production and
fatigue.

Although it has been widely ac-
cepted by the scientific community
for a long time that lactate is innocu-
ous and is not the cause of fatigue
or muscle burning during intense
exercise, lactate still takes the blame
and still is regarded by runners as
the enemy. No physiologist has ever
burnt himself when taking a blood

sample from a subject containing a
high blood lactate concentration. In-
deed, not only does lactate not cause
fatigue, its production in muscle is
vital during intense exercise, as it
serves a number of roles.

Lactate production maintains
the ratio of certain biochemical
molecules, supporting the contin-

_ued ability of glycolysis to keep

<

working. Lactate is _also used as

a fuel by the heart, is used by the
liver to make new glucose by a

process called gluconeogenesis, and

B

is converted back into glycopen. en (the @
stomM?ﬁFoﬁm‘%;%; a

reversal of the chemical reactions
of glycolysis. Both the new glucose
and glycogen are then themselves
used as fuels by muscles so high-

intensity exercise can continue.

(W\W

By Jason R. Karp, M.S.
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LACTATE'S
'THRESHOLD RESPONSE

At slow speeds, lactate is re-
moved from the muscles as quickly
as it is produced. At faster speeds,
there is a greater reliance on an-
aerobic glycolysis for energy, and
aerobic metabolism (Krebs Cycle
and electron transport chain) can’t
keep up with the production of
pyruvate from glycolysis. Pyruvate
is thus converted into lactate and
lactate removal starts lagging be-
hind lactate production. The lactate
threshold is the fastest pace above
which lactate production begins
to exceed its removal, with lactate
concentration beginning to increase
exponentially.

Think of a bucket with a hole
in it that sits out in the rain. When
it's drizzling, the water filling the
bucket empties through the hole.
But when it’s pouring, water fills
the bucket faster than it empties
through the hole, and water accu-
mulates in the bucket.

To take the analogy further,
there is an intensity of rainfall at
which the amount of water emp-
tying the bucket is just enough
to keep up with the amount of
water entering the bucket so that
the water does not overflow. If the
rainfall is heavy enough, the bucket
will overflow. The point at which
lactate quickly accumulates—the
%_verﬂowing ‘bucket—is an impor-
tant marker in physiology, and is
called the_lactate threshold. The
intensity of rainfall that is needed
to overflow the bucket is therefore
determined by the size of the hole
in the bucket.

/" The lactate threshold demar-
cates the transition between exercise”
that is almost purely aerobic and
exercise that includes significant

_oxygen-independent (anaerobic)

metabolism. (All running speeds
“have an anaerobic contribution,
although when running slower than
lactate threshold pace, that contri-

lactate threshold reépresents the fast-

bution is negligible.) Therefore, the

- 3
thletes can sustain

tion of fat and carbohydrates forﬂ

fuel. As running speed increases, the
b i .
contribution from fat decreases and
the contribution from carbohydrat
Jncreases Als
lactate threshold, your athletes use

faster than the

only carbohydrates (blood glucose

and ‘muscle glycogen).

ere are many terms that have
been used to describe the lactate
threshold, including anaerobic

threshold, individual anaerobic

threshold, ventiiato'rivthreshold,
onset of blood lactate accumulation,
lactate breakpoint, and maximal
lactate steady state. In a previous
issue of Track Coach, 1 proposed the
term ‘W" since it

}

is the acidosis that we're really in-
terested in rather than lactate; the
accumulation of lactate is only a
reflection of the state of acidosis.
Allof these terms describe simi-
lar phenomena that are interrelated.
Because the term “anaerobic” liter-
ally means “no oxygen,” the term
“anaerobic threshold” is not often
used any longer since the occurrence
of the anaerobic threshold does not

ow can a muscle be anaerobic at
submaximal intensities?

HOW IS THE LACTATE
THRESHOLD
MEASURED?

The lactate threshold is typi-

cally measured during a VOymax——

test, with blood samples taken from

a finger prick or from a catheter
placed into a vein in the arm. The
lactate thresh L

speed (or VO,) at which the blood

Tactate concentration begins to in-

crease exponentially (Figure 1). In
lieu of taking blood samples during
the test, the ventilatory threshold,

14

- -
=] L]
L

Blood Lactate Concentration (mmol/L)
[ ]

™

9 1 13

Speed (mph)

Figure 1:The lactate threshold is the speed at which the blood lactate
concentration begins to increase rapidly. A shift in the lactate curve to the right,
depicted by the dotted curve, represents an increase in the lactate threshold
(because it now occurs at a faster speed) and an improvement in endurance.

“
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which is determined from changes
in ventilation and respiratory gas
samples, is often used to indicate
the lactate threshold since there is a
close relationship between the two
thresholds—as the speed increases,
the greater reliance on oxygen-in-
dependent metabolism increases the
amount of carbon dioxide that is
produced, which stimulates ventila-
tion to expire the carbon dioxide.

Alternatively, the lactate thresh-
old can be measured with a series
of steady-state runs at increasing
speeds, with blood samples taken
at regular intervals during each run.
At the slower speeds, lactate will
increase slightly and plateau. When
lactate threshold pace is reached,
however, lactate keeps increasing
rather than leveling off.

Lactate is _meas milli-
moles of lactate per liter of blood

(mmol/L). The lactate threshold can

- be reportéa as a speed or pace or as

a percentage of VO,max. The higher
the percentage the lactate threshold

occurs in relation to VO;max, the
better the athlete’s endurance.
Knowing your athletes’ VO,max
is not be enough to determine their
fitness. For example, two runners

may have similar VOQ,max values
_may have sumular vVishmax values

but differ in their lactate threshg
[f Runner A and Runner B both have
a VO,max of 60 ml/kg/min, but
Runner A's lactate threshold is 70%
nd Runner B’s lactate threshold
is 80% of VOymax, Runner B can
sustain a higher intensity and will
beat Runner A.

Also, two runners may have
different VO;max values but per-
form similarly due to differences in
their lactate thresholds. If Runner
X has a VO,max of 60 ml/kg/min
and a lactate threshold that is 67%
of her VO;max and Runner Y has
a VO;max of 50 ml/kg/min and
a lactate threshold that is 80% of
her VO,max, both Runner X and

Runner Y will be able to sustain
a similar intensity, assuming their
running economy is equal (67% of
60 = 40 ml/kg/min vs. 80% of 50
= 40 mi/kg/min).

LACTATE THRESHOLD
TRAINING AND
PERFORMANCE

. From the time of the classic
study published in Medicine and
Science in Sports and Exercise in 1979
by some of the most prominent
names in exercise physiology (Far-
rell, Wilmore, Coyle, Billing, and
Costill), research has shown that the
lactate threshold is the best physi-
ological predictor of distance run-
ning performance. The longer the
race your athletes are training for,
the more important it is to improve
their lactate thresholds because the
closer the race pace will be to their
lactate threshold pace and the more
important it becomes to be able to
hold a hard pace for an extended
time.

So, for the marathon and half-
marathon, the lactate threshold
should be the focus of their training.
The keys to success for the longer
distance races are (1) getting your
athletes’ lactate threshold pace
as fast as they can and (2) being
able to run as close to their lactate
threshold pace as possible for as
long as possible.

The lactate threshold is more
responsive than VO,max to train-
ing. While VO,max plateaus after
a few years of high-intensity train-
ing, the lactate threshold can still
increase, improving your athletes’

pertonmiances, Training the lactite
threshold increases the speed at

which lactate accumulates and aci-

Increasing their lactate thresh-
old pace allows your athletes to run
faster before they fatigue because
it allows them to run faster before
oxygen-independent metabolism
begins to play a significant role.
The benefit to being able to run
aerobically at 5:30 pace compared
to 6:00 pace is obvious.

You can target the lactate thresh-
old by having your athletes run at
or near their lactate threshold pace.
Research has shown that runners
who do specific lactate threshold
workouts have a significantly
greater improvement in their abil-
ity to hold a hard pace compared
to those who train with only long
or short intervals.

One of the major advantages
to lactate threshold training is that
the intensity represents the fastest
pace at which your athletes can
train without excessive fatigue.
That’s because the workouts remain
aerobic. Lactate threshold training
is the best aerobic bang for your
buck.

WHAT PACE SHOULD

YOUR ATHLETES RUN

LACTATE THRESHOLD
WORKOUTS?

As a coach, I've noticed that the
most difficult type of workout for
athletes to run at the correct pace are
lactate threshold workouts. Many
runners, especially those who are
inexperienced with these workouts,

have g difficult time holding back

the pace and finding their fastest

sustainable aerobic pace.
Lactate threshold pace is about

M&conds per mile slower

than 5K race pace (br about 10K race

dosis occurs, enablin thletes
to run af a higher percentage of

VO;maxTor a longer time.
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pace) for slower runners (slower
than about 40 minutes for 10K). If
using a heart rate (HR) monitor, the
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f pace s about 75 to 80% max HR.
For highly trained and elite run-
ners, lactate threshold pace is about
25 to 30 seconds per mile slower
w(or out 15 to
20 seconds per mile slower than
10K race pace) and corresponds to
about 85 to 90% max HR. The pace

should Teel "comfortably hard."ejé

It seems that many runners an
coaches miss the nuances of the
lactate threshold when prescrib-
ing training paces, for workouts.
Every time I read a magazine or
mainstream book about running, [
read that lactate threshold pace is 25
to 30 secon: r mile slower than
oK race pace, 15 to 20 seconds per
mile slower than 10K race pace, ahd
between 10-mile and half-marathon

race pace
these guidelines are

\Enly true for very good runrers. The

better your athletes’ endurance, the

longer they can hold their lactate
threshold pace and the better they
are at sustaining any fraction of
their lactaté threshold pace.

In other words, if a 15-minute
5K runner can run 30 seconds per
mile faster than lactate threshold
pace (which equals 110% of lac-
tate threshold pace) for those 15
minutes, certainly a 25-minute 5K
runner is not also going to be able to
run 30 seconds per mile faster than
lactate threshold pace (which equals
106% of lactate threshold pace) for
25 minutes, 10 minutes (and 66%)
longer than the good runner.

Someone who runs a 10K in 50
minutes is likely running slower
than his/her lactate threshold pace
for a 10K, not 20 seconds per mile
faster. And someone who runs a
half-marathon in 1 hour and 45
minutes is certainly not running
anywhere near lactate threshold

Table 1: Sample Lactate Threshold (LT) Training Program

pace. What matters is how long it
takes to run the distance, not the
distance itself.

TYPES OF LACTATE
THRESHOLD
WORKOUTS

[ typically use four types of
lactate threshold workouts with

my athletes: (1) continuous runs
at lactate threshold pace, starting

at about three miles (15 to 20 min-

utes) and increasing up to seven to

eight miles (about 45 minutes) for
marathoners; (2) intervals run at
lactate threshold pace with short
rest periods, such as 4 x 1 mile at
lactate threshold pace with 1:00
rest or 8 x 1,000 meters at lactate
threshold pace with 1:00 rest; (3)

(Continued on pag 5793) ‘J /

LT Workout &1 - -

3 x 1 mile @ LT pace w/1-00 rest

Week 1
Week 2 3 miles @ LT pace
Week 3 4 x 1 mile @ LT pace w/1:00 rest

Week 4 (Recovery Week)
TN AT Frr—

IR

3 x 1 mile @ LT pace w/1:00 rest

4 x 1 mile @ LT pace w/1:00 rest

Week 5
Week 6 2 x 2 miles @ LT pace w/2:00 rest or 4 miles @ LT pace
Week 7 5 x 1 mile @ LT pace w/1:00 rest

4 miles @ LT pace

pace w/:45 rest & 2:00 rest between sets

Week 12 (Recovery Week)

Week 9 5 x 1 mile @ LT pace w/1:00 rest

2 sets of 3 x 1,000 meters @ 5 to 10 seconds per mile faster than LT ,
Weok 10 pace w/:45 rest & 2:00 rest between sets A miles @ L7 pice
Week 11 2 sets of 4 x 1,000 meters @ 5 lo 10 seconds per mile faster than LT 5 miles @ LT pace

3 x 1 mile @ LT pace w/1:00 rest

_—

Include a warm-up and cool-down before and after each workout and filf in the other days of the week with runs to meet mileage goal

S.

\
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running coaching. Especially in
distance running, physiological
principles must be considered
and systematically implemented
to achieve optimum results. This
should all be accomplished within
a performance plan of an effective
distance running coach.

distance running coaches, then, are
the ones who year after year dem-
onstrate individual athlete improve-
ment based upon individual athlete
goals, ability levels, environmental
factors and circumstance. Only the
names and faces change; the results
do not.

CONCLUSION
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Continued from page 5785

shorter in& run at slightly

faster than lactate threshold pace
with very short rest periods, such
as 2 sets of 4 x 1,000 meters at 5
to 10 seconds per mile faster than
lactate threshold pace with 45
seconds rest and 2:00 rest between
sets; and (4) medium-long distance
runs with a portion run at lactate
threshold pace, such as 12 to 16
miles with the last 2 to 4 miles at
lactate threshold pace or 2 miles +
3 miles at lactate threshold pace + 6
miles + 3 miles at lactate threshold
pace (I only use these latter work-
outs for marathoners).

As your athletes progress, in-
crease the training load by having

s ey

them spend more time at lactate
threshold pace rather than by
running faster. You can do this by
increasing the volume of a single
workout or by adding a second
lactate threshold workout each
week. Only increase the pace of the
workouts once your athletes’ races
have shown that they are indeed

faster. See Table 1 for a sample

training program.

So if you want your runners to
performatthe highestlevel they can,
traintheir lactate thresholds. Notonly
will they set new personal records,
they’ll have holes in their buckets
big enough to rival a black hole.
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Abstract

The purpose of this study was to describe pacing strategies in the 800 to 10,000-m Olympic finals. We asked 1) if Olympic
finals differed from World Records, 2) how variable the pace was, 3) whether runners faced catastrophic events, and 4) for

the winning strategy.

Publically available data from the Beijing 2008 Olympic Games gathered by four transponder antennae under the 400-m
track were analysed to extract descriptors of pacing strategies. Individual pacing patterns of 133 finalists were visualised using

speed by distance plots.

Six of eight plots differed from the patterns reported for World Records. The coefficient of running speed variation was
3.6-11.4%. In the long distance finals, runners varied their pace every 100 m by a mean 1.6-2.7%. Runners who were
‘dropped’ from the field achieved a stable running speed and displayed an endspurt. Top contenders used variable pacing
strategies to separate themselves from the field. All races were decided during the final lap.

Olympic track finalists employ pacing strategies which are different from World Record patterns. The observed micro-
and macro-variations of pace may have implications for training programmes. Dropping off the pace of the leading group is
an active step, and the result of interactive psychophysiological decision making.

Keywords: athletic performance, competitive behaviour, running, track and field, physical endurance
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_CI_Et__roduction

Pacing strategy is an important determinant of
success in sports competitions (Abbiss & Laursen,
2008; Foster, Schrager, Snyder, & Thompson, 1994;
Tucker & Noakes, 2009). Athletes have to distribute
their ability to provide for muscular adenosine
triphosphate (ATP) generaton while maintaining an
adequate reserve (Swart et al., 2009a, 2009b) such
that the athlete neither runs out of energy and faces
catastrophic physiological failure before the finish, nor
has excess cnergetic reserves at the end of the
competition. This is probably a learned pattern, or a
pacing template, based on extensive experience
gained during training and previous competitions
(Foster et al., 2009, 2012; Micklewright, Papadopou-
lou, Swart, & Noakes, 2010).

In long-distance running cvents, most of the
literature on pacing is either on World Record
performances (Tucker, Lambert, & Noakes, 2006)
or on sub-clite-standard runners running at their own

best pace (Abbiss & Laursen, 2008; Faulkner, Parﬁtt\

& Eston, 2008; Lima-Silva et al., 2009). The domi-
nant ‘best race’ strategy in 800-m middle-distance
running is thought to be a small but progressive
slowing (Tucker et al.,, 2006). In 1.5-10-km track
races, the best race strategy has been described as even
pacing with an endspurt (Tucker et al., 2006).
However, in high-standard competitions, the
finishing place is a more important outcome than
finishing time. Top runners might run with a slower
than ideal pace with varied tactics, and variations in
pace can vary with the overall pace of the race. Also,
less accomplished runners can feel forced to stay
with the leading group at a pace markedly faster than
their best performance. This increases the risk of
premature excessive fatigue that could result in a
decisive and progressive decrease in pace.
Unfortunately, there are few data on ways in which
races at world-class championships are actually
contested. Split times have been available only for
400-m segments, so the temporal resolution of
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pacing data has been inadequate to reveal the
behaviour of athletes during competition.

Timing data from the 2008 Olympiad have now
become publically available (www.iaaf.org) with a
resolurion of 100 m, which allows an examination of
how world-standard races are contested. With the
availability of this unique data set;—we-addressed
several basic questions: :

1. Do the pacing strategies in middle- and long-

distance track events (800-10,000 m) at Olym-
pic finals differ from World Record pacing?

2. How ‘constant’ is running speed during the mid-
dle portions of long-distance events? Do the
traditionally used 400-m split times represent the
same variation in running speed as 100-m splits?

3. Is there evidence of a ‘catastrophic event’ in
runners who drop off the leading group in the
5- or 10-km races? Do these runners run at a
progressively slower pace throughout the event,
or do they simply decrease their pace to a more
individually appropriate level and then display
a normal pacing pattern?

4, What is the winning strategy of the medallists
over non-medallists (places 4-8) and finalists
(places 9-+)? Is the winning strategy among
medallists dependent on forcing the following
runners to ‘drop back’ during the event or on a
better endspurt?

Methods

Split tmes from the men’s and women’s 800-m,
1500-m, 5-km and 10-km finals from the 2008
Beijing Olympic Games, which are publically avail-
able on the website of the International Association
of Athletics Federatons (IAAF) (www.iaaf.org) were
analysed. In Beijing, the TAAF used a new system
provided by Swiss Timing Sportservice GmbH
{Leipzig, Germany). The system comprises a trans-
ponder antennae under the 400-m track at 0 m,
100 m, 200 m and 300 m, and ID chips on the
inside of each athlete’s front bib. When athletes pass
over the transponder, their ID is read from the chip
and their time registered to the nearest tenth of a
second. In the women’s 5-km final, one of the timing
markers did not function. Accordingly, 100-m data
were calculated based on the measured 200-m time
for this segment, with the two adjacent 100-m
segments assumed to be at the same pace.

Analysis was completed in four ways. First,
individual plots of speed by distance allowed visual
comparison of the pattern of pacing for each
individual runner with the recent World Record as
published in the IAAF book of world records
(International Amateur Athletic Federation, 2007).

Also, the relative speed of the second versus the first
half of the race was calculated in medallists (places 1-
3), non-medallists (places 4-8), and finalists (places
9+) and compared with recent World Records to
indicate whether the overall pacing pattern was
positive, even, or negative. Second, intra-individual
coefficients of variation of running speed were
calculated based on 100-m, 400-m and 1000-m split
times as applicable, and compared to recent World
Records. Also, the absolute value of the individual

~ relative change in pace for every 100 m was calcu-
\ lated to improve the sensitivity of pace variation.

Furthermore, plots of the mean speed of all finalists

| were compared at resolutions of 100 m versus 400 m.

Third, in the long-distance races, the largest decrease
of speed between any two 100-m segments in the
second half of the race was calculated for medallists,
finalists (places 4+) and runners who slowed down
(>3% decrease of speed in the second half of the
race) to detect possible catastrophic events. In the
same groups, running speed in the last lap was
reported normalised to the speed in the last quarter to
compare runners’ reserves for an endspurt. Fourth,
individual data were collapsed into groups of
medallists, non-medallists, and finalists to allow
visualisation of the pacing pattern in competitively
meaningful groups of runners, and speed-by-distance
plots of the three medallists were constructed.
Because these data represent unique observations,
the analysis was fundamentally descriptive, and no
conventional statistical analyses were used.

Results

All of the events were won in a time within 4% of the
World Record, except the women’s 5 km, which was
run in a partcularly tactical manner. Bronze
medallists were within 2% of the race winner, and
in all races except the women’s 10 km, the last
finisher was within 10% of the winner (Table I).

Plots of running speed versus distance show that in
all races except the women’s 800 m and 10 km, the
individual patterns of speed in Olympic finals differed
from the World Record (Figures 1 and 2). The overall
pacing patterns (1st versus 2nd half) were also
different (Table II). In the 5- and 10-km races,
runners who were ‘dropped’ from the field appeared
to achieve a stable running speed, and increased their
speed on the last 400 m.

Runners varied their speed every 100 m by a mean
1.6-2.7%, even in fast races or after they had been
dropped off. Coefficients of variation in running
speed were higher based on 100-m rather than 400-
m split times, and for most runners higher in the
Olympic finals than in World Records (Table III).
Plotting mean running speed based on 100-m splits
yielded additional information on the pacing pattern
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Table 1. Performance times in Beijing Olympic finals.

Number of Winning Winning Time Bronze Medal Time Last Finisher Time
Race Finishers Time (% vs. World Record) (% vs. Winning Time) (% vs. Winning Time)
M 800 m 8 1:44.65 103.5 100.2 102.4
W 800 m 8 1:54.87 101.4 101.6 106.8
M 1500 m 12 3:32.94 103.4 100.6 103.3
W 1500 m 12 4:00.23 104.2 100.6 102.9
M 5 km 14 12:57.82 102.7 101.1 107.4
WS km 15 15:41.40 110.6 100.3 109.1
M 10 km 35 27:01.17 102.8 100.2 108.9
W10 km 29 29:54.66 101.3 101.5 1113

Men's 800-m Olympic final vs. WR

e GOk
-
- NR [KF hvliova 1:53.28)

o 200 400 800 800
Distanice (m) Distance {m)
Men's 1500-m Olympic final vs. WR Women's 1500-m Olympic final vs. WR
&o ,,l SR I TJ .l ..... s i 1 et T B ———EE \
s : g ——Finalists |
i ~ . | WR{Junxia 3:50.48
78 4—3 2 e = e -WR (EI Guerrouj, 3:26.00) 7.0 +—— L S ——— .

8.0 T ¥ 1
o 300 600 800 4200 1500
Distance (m}

Speed (m's”)

Distante (m) Distanca {m}

Figure 1. Pacing strategy of Olympic 800- to 5000-m finalists compared with the world record.
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Men's 10-km Olympic final vs. WR

B,0 4
g Gold

1.6 S— o Finafists (10th, 20th; 30th, last)
- £ -WR (Bekele 26:17,53)

Speed (m's”)

o 2000 4000 6000 BOOO 10000
Distance (m})

Women's 10-km Olympic final vs. WR

7,0 4 ——Gold
— Finaliats {10th, 20th, last)
- - A "WR {Junxia 20:31,78)

Speed (m's”)

o 2000 4000 6000 8000 10000
Distance {m})

Figure 2. Pacing strategy of Olympic 10-km finalists compared
with the world record.

Table II. Mean relative speed in the second versus the first half of
the race in world records (WR) achieved 1983-2008, and in the
2008 Beijing Olympic finals.

Speed in the 274 half of the race (%)

Olympic finals

Race WRs Medallists  Non-medallists ~ Finalists
M 800 m 93.9 104.2 103.4 -

W 800 m 98.1 93.3 91.8 -

M 1500 m 102.3 104.3 103.3 101.2
W 1500 m 95.7 109.0 107.6 104.9
M 5 km 101.3 105.7 101.6 97.8
W 5 km 100.0 110.3 109.6 106.3
M 10 km 100.6 104.3 103.4 97.9
W10 km 102.3 101.9 08.5 95.1

over plots based on the traditional 400-m splits
(Figure 3).

Throughout the long-distance races, runners who
slowed down in the second half of the race did not
decrease their pace more suddenly than medallists
and finalists (Table IV). They also displayed an
increase of speed during the last lap, albeit smaller
than the other finalists (Table IV).

The pacing pattern used by medallists to reduce
the size of the field differed from race to race

(Figures 4-7, top), but medallists were consistently
faster during the endspurt than other finalists (Table
IV). In the 1.5-, 5- and 10-km finals, the race
amongst the medallists was decided on the last
400 m by differences in the endspurt (Figures 4-7,
bottom).

Discussion

The current study used high-resolution data gath-
ered in 800- to 10,000-m Olympic track finals to
understand pacing in competition where placing is
more important than time.

Olympic pacing versus World Record strategy

Except in the women’s 10 km, pace in the Olympic
finals was less in the opening segment and more
variable than the World Record pace. In six of eight
finals, pacing did not fit the pattern characteristic of
800-m (positive pacing) and of 1.5- to 10-km (even
pacing) World Record performances, respectively
(Tucker et al., 2006). The pacing pattern did not
systematically vary by distance. De Koning et al.
(2011) showed that athletes use different pacing
strategies in different disciplines (swimming, run-
ning, speed skating) to solve the same problem
(comparable finishing times). Our data show that in
world-class championships, runners used different
pacing strategies even in the same discipline and over
the same distance.

Constant speed of running

Constant running speed in middle- and long-
distance events does not occur and traditional
reporting of 400-m lap splits does not represent the
‘tru¢’ degree of variation in high-standard finals.
Runners usually develop the ability to change speed
by using established stochastic training models
(fartlek, interval training). Based on our findings,
coaches should introduce training models that
involve frequent, but small changes in pace.

‘Microvariation’ seen in Olympic finals represents
the complex regulation necessary to balance runners’
cfforts to keep their pace at the desired level despite
growing fatigue, while avoiding a physiologically
catastrophic event. For runners performing 10-km
races in 42 minutes, Billat, Wesfreid, Kapfer, Kor-
alsztein, and Meyer (2006) reported a similar
phenomenon. The coefficient of variation (CV) of
10-m-running speed was 8.7 + 2.1%. Billat et al.
(2006) suggested that pace variations are an inten-
tional strategy to minimise the physiological strain
during severe exercise.

Lap splits in World Record performances suggest
smooth and slow transitions of speed. It remains to



Downloaded by [Nat and Kapodistran Univ of Athens ] at 00:11 10 April 2013

Spesd (m*s"_}

Pacing in Olympic track races 1111

Women's 1500 m

L .

\VaYea

5.5 . ' v !

L] 300 600 900 1200 1500
Distance (m)
Women's 10 km

Figure 3. Mean speed of Olympic track finalists at resolutions of 100 m versus 400 m.

Table ITI. Coefficient of intra-individual variation of running speed during world records (WR) between 1983 and 2008 based on 400-m
(800 m, 1500 m) or 1000-m split imes (5 km, 10 km} and during Beijing Olympic finals 2008 based on 1000-m, 400-m and 100-m split

times (mean, range).

Coefficient of variation (%)

Olympic finals
WR

Race 400 m' 1000 m 1000 m 400 m 100 m
M 800 m 4.5 (3.5-6.4) - 2.5 (0.3-4.2) 5.3 (4.6-5.9)
W 800 m 3.7 - 5.0 (2.6-6.6) 6.2 (3.6-8.1)
M 1500 m 2.9 (2.1-3.8) = 4.1 (1.8-6.1) 4.9 (3.1-6.3)
W 1500 m 5.5 - 5.1 (2.9-7.0) 6.1 (4.6-7.9}
M 5 km 1.7 (0.5-3.1) 3.2 (1.9-5.6) 4.0 {2.7-5.7) 5.5 (4.7-6.8)
W 5 km 2.5 (1.5-4.0) 9.8 (5.6-12.2) 11.1 (6.7-13.5) 11.4* (7.5-13.5)
M 10 km 1.5 (0.9-2.2} 3.2 (1.5-5.0) 3.6 (1.7-5.1) 4.4 (2.4-6.4)
W10 km 2.7 (1.5-4.7) 3.1 (1.2-4.9) 3.4 (1.8-5.0) 3.6 (2.1-5.4)

M, Men; W, Women; *Due to the malfunction of one timing marker in the women’s 5-km race, interpolation was used to calculate 100-m
split data, resulting in an underestimation of the variaton of running speed.

be determined whether in World Records or
personal best races, runners also vary their pace
every 100 m to the degree seen in Olympic finals.

Catastrophic events

Most research into pacing has occurred under
controlled or simulated conditions, whereas

competition in the field often forces a variable pacing
strategy on the athlete for various reasons. One is to
counteract changing external conditions like wind
and environmental temperaturc (Swain, 1997).
Another is the requirement of competition, when
catching up on a gap is difficult. At the speed
typically seen in 5- or 10-km races, shiclding by
another competitor one metre ahead can reduce the
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Table IV. Largest speed reduction throughout the race, and endspurt speed of medallists, finalists and runners who slowed down in the

Beijing long-distance events (mean; range).

Medallists Finalists Slowed down'
Largest % Endspurt Largest % Endspurt Largest % Endspurt
N slow-down® speed” [%] N slow-down speed [%)] N slow-down speed [%0)

M5km 3 4.4 (3.3-6.0) 103.6 (99.4-108.6) 10 4.3 (1.9-6.7)
WSkm 3
M 10km 3
W10 km 3 3.8(3.7-4.00 113.4 108.3-117.7) 10 3.4 (2.6-4.9)

102.1 (94.4-107.6) 1 3.7 1015

9.6 (9.5-9.7) 107.1 '105.7-108.7) 12 8.7 (3.0-11.7) 101.4 (96.2-105.4) 0 - w4
8.5 (8.2-8.9) 1l16.1 ‘113.6-118.9) 22 6.1 (2.3-11.2) 108.6 (102.4-114.4) 10 4.0 (2.8-6.1) 105.3 (94.5-114.3)

108.7 (106.1-111.5) 16 3.5 (1.9-7.1) 106.0 (100.2-111.8)

1Runners with a 3% decrease of speed in the second half of the race w

ere defined as runners who had slowed down.

2 argest decrease of speed observed in any 100-m segment versus the previous 100 m, excluding the first half of the race and the last 400 m.

>Last 400 m versus fourth quarter of the race.

Men's 800-m Medallists vs. Non Medallists

N m— D> e

8.0 4

Speed (m's”)

Speed (m's”')

Distance (m)

Women’s 800-m Medallists vs. Non Medallists

55 T T T i
0 200 400 600 800
Distance {m)

Figure 4. Mean speed of medallists and finalists (top) and individual speed of medallists (bottom) in the 800-m Olympic final.

total cnergetic cost of running by 6.5% (Pugh,
1971), or decrease lap tmes by one second (Davies,
1980). In the inital stage of a race, athletes often do
not self-select their pace, but rather precisely adjust
to the speed enforced by the current group leaders.
Olympic finals provide an opportunity for ‘cata-
strophic events’ (a massive and progressive reduction
in speed) to occur. However, runners tend to fall off
the pace of the leading group in a controlled fashion
and achieve a stable running speed. The mid-race
atrenuation of pace and accompanying effort in lesser
runners does not constitute a catastrophic event, but

an active step to prevent such an event while
maintaining the overall pacing strategy. This clearly
supports the importance of interactive psychophy-
siological decision making described in the pacing
literature (Swart et al., 20092, 2009b).

Olympic finalists seem to tolerate running the
initial kilometre up to 8% faster than their mean pace
without becoming overly fatigued (that is, dropping
out of the race). Some of these athletes might
consider incorporating positively paced running
sessions into their training regime to prepare for
fast championship races.
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‘Women's 1500-m Medallists, Non Medallists, Finalists
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= &
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Figure 5. Mean speed of medallists and finalists (top) and individual speed of medallists (bottom) in the 1500-m Olympic final.

Men's 5-km Medallists, Non Medallists, Finalists

Women's 5-km Medallists, Non Medallists, Finalists

| —o-Non Medalists |
l - =- Finalists

5 ¥ T ¥ v v T T T 1
4 1000 2000 3000 4000 5000 ] 1000 2000 3000 4000 5000
Distance {m} Distance (m)
Men's §-km Medallists Women's 5-km Medalilists

o 1000 2000 3000 4000

L] 1000 2000 3000 4000 5000
Distance (m}

Figure 6. Mean speed of medallists and finalists (top) and individual speed of medallists (bottom} in the 5-km Olympic final.

Winning strategy

The strategy used by medallists to separate them-

selves from the field varies. Top contenders
either a continuously high speed (men’s

use
and

women’s 10 km), a ‘break away’ in the middle of
the event by increasing the pace (at 3 km in the
men’s 5 km), or a long endspurt after a gradual
increase in speed at the end of the race (women’s
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Men's 10-km Medallists, Non Medallists, Finalists
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Figure 7. Mean speed of medallists and finalists (top) and individual speed of medallists (bottom) in the 10-km Olympic final.

5 km). Although the athlete may initally envision an
overall pacing strategy (creating a template out of
experience, expected duratdon and physiological N
input) (Foster etal., 2012; Micklewright et al.,
2010; Tucker, 2009), this strategy appears to be

tactical considerations. /Tactics represent dynamic
decisions that can hinder the best possible compe-+-|
titive performance, but conversely, improve the |
competitive outcome (e.g., a mid-race surge to win
the race in less than a personal best time). This
tactical nature of races is particularly seen in the
slowest race, the women’s 5 km =

Amongst the medallists, race ¢ outcomes were c]ose,
reflecting the high standard of competition. The 1.5-
to 10-km finals were decided by differences in the
endspurt, with peak speed typically achieved early
during the last 400 m. To win a gold medal in the
long-distance races, women and men athletes must
achieve 6.9-7.1 m's ' and 7.7-8.0 m-s™ !, respec-
tively, which also needs to be considered when
designing training programmes.

Conclusion

Olympic track finalists use pacing strategies different
from those in World Record or personal-best races.

-

Races are highly stochastic, even if they are run at an

overall even pace. Also, microvariation in running /
speed is higher than previously assumed. Dropping off _/
the pace of the leading group is not a catastrophic (ﬁ

event, but an active, controlled step designed to "'-\_‘
prevent such an event. While top contenders use |
variable pacing strategies to separate themselves from
the field, the Gold medal is typically won by the -
endspurt on the last 400 m. Training programmes that )
address these speciﬁcEQuiré?nEﬁm‘ staﬁdé'fd"

tion runs, p031t1ve~pac1ng l:rammg and spet.d r.rammg
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