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High-tech training methods
give Olympic athletes
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.he lore of ancient Greece recalls
an Olympic athlete who was de-
A fermined to Betome the strong-
est person in the world. Every day Mi-
lon of Croton (above) would pick up a
calf; faisé it above hi

his head ahd ¢ carry it

around a stable. As the calf grew, so did
Milon’s strength, until eventually he was
able fo hft the full-grown cow.

basic 1 tenets of contemporary sports sci-
ence. Progressive resistance training—
L R R T Tt SR IR

~ologists and toaches

by Jay T. Kearney

the stressing of muscles wﬁh teadrly in-

derstood by the mote than” 0;000 ath-
letes from 197 countries wI}o will go to

nial 6F the modern Qlyripic Games.
During the past half century, howev-

ser, 'sports’scienée Ha$ refinéd the basic

principles of training beyond the under-

st

ding of the Greeks, Exercrse phys'
' aw.on héw scie
tific knowledge to help athletes develop
a balance of muscular and metabolic

- fitness for each of the 29.sports in the

Olymplc Games Blomechamcal experts

raining the Olympic Athlete

Sports science and technology are today providing
elztercompetztors with the tiny margins needed
to win'in world- class competition

vances in materials and aerodynamics

to fashion streatnlined bobsleds or rac-

ing blcycles. Sports Esyc ologists bulld

proaches affords the small gains in per- -
formance that can translate into v1ctory

g-
the strength and starhina needed for
Olymplc events requires basic knowl-
edge of how dy_ produces energy.

( ‘) h?lgh—energy m
consrstmg ofa base (adenme) a sugar
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(ribose) and three phosphate groups.
The breaking of the bond between two
phosphate units releases energy that
powers muscle contractions and other
cellular reactions. Humans havea very
i it capacity for storing ATP. At a
max1mum rate of work, the five milli-

moles of ATP avallable for each kllo—_

obic metabolism of carbohydrates can
yield a buxldup of lactic-acid, which: ac-

‘rcumulates in. the mus

But lactlc ac1d andits metabohte, lactate,
which accu;n lates in muscle, do not

training, the muiScles of elite competltors

‘adapt so that they can tolerate the éle-

vated levels of lactate produced during

taally 1hlub1t muscles from co tractmg
So anaérobic glycolysxs can “be relied o -

 the aerobic: system cannot:be
rswitched-on-quickly: At least
one totwo minutes of hard

depends ona combmatxon
2 .- of stored ATP, the phospho=
wren s+ creatine systerh or anaerobic
glycolysis to provide energy.

only for short bursts of exercise. It can- :

With the activation of the aerobic pro-
cesses, these other systems function at a
lower level. In the aerobic phase, for in-
stance; lactic. acid: and-lactate are still
produced, but they are consumed by less
active muscles or metabolized in the liv-
er and so do not: decumulate.: - 7

. Although the aerobic system is lnghly
efficient; its ability te: supply the mus-
cles with energy reaches an upper thresh-
old. It still more: ATP.is needed; the mus-
cles must step up the use of various oth-

" er energy sources. A soccer player in the

© middle of a 48-mitiute half;£6r example,
would depend mostly on aerobic metab-
ceded to.Sprint: bneﬂy

yé '
tuted by the phosp creat

i,

g 1818 l_,a sustamed actmtywﬂl
result- in adaptanon 8f the-fnuscles: to
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ever increasing levels of stress—an idea
sometimes referred to as the stimulus-
response-médel. Over time, training will
induce physiological changes, which are
adapted to the needs of a specific sport.
The distance runner’s training, for ex-
ample, focuses on enhancing the capa-
bilities .of: the-aerobic system. In ton-

trast, a weight lifter would concentrate E

on strength and power instead of the
endurance réquiremients of the dlstance
events. " >
e Gomg the Dlstance
ror’ the Olymplc coach ttammg also
& becomes the judicious managément
of diminishing retiitnis. During the. first
year, an- athlete:might-invest 50, t0.100
hours of training to improve 10 to 15

" percent in a season. At the peak of his

or her career, the same athlete might put
in 1,000 hours of i intense and concen-
trated effort to hieve ai

medal—was only 0. 86 percent,
more than £wo tenths ofa second .

PHYSIOLOGY OF CYGEING * ¢
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PACK " FINAL
RIDING: - . SPRINT

PHYSIOLOGICAL DEMANDS for cy-
clirig 3 vary throughout the event. A'rider
will tap stored’ ATP or'the phosphocrea—
tine system of will depénd ori anaerobic
glycolysis to provide the additional ‘erier~
gy needed for a hill climb. or a final sprint.
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.- technology. Lance Armstrong
: ofAu_s Tex., is expected to

“France.

will compete in the Olympics,
won a stage (a day-long seg-
ment) of the Tour de France in
1995 (above and right).

the aerodynamics of cycling

egm t "ftheTourde 5

also goes by the name of max1mum oxy-
gen: uptake, OF™ VO 2 max: Arm strong

of 80 mllhhters of oXygen. per kllogra'm'
of -body iweight: pet ‘minute, a rate he :

continiues to-maintain-at the age of 24.
This measitrement is almost double that
of the‘average fit male:. :

- A$ 'part of his'preparation for the
Olympics, Armstrong-has made several
trips to the H.§: Olympic €ommittee’s
largest training:center, located at the
cominittee’s headquarters-in Colorado
Springs. I am part of the sports sciénce
teaim. there that evaluates and advises
athletes and their coaches on training
improvements. -

A .KTIMEA(M-INUTES:SECONDS)

53

52

5453

 PREDICTED TIME IMPROVEMENTS

. TRAINING MODIFI-
_ CATIONS ONLY

. TRAlNlNG AND
AERODYNAMIC :

‘MODIFICATIONS

COMBINED

:13:6 51:14.9

ANALYSIS of Armstrong s cyclmg was performed

Sp

the

pic Tralmng Center in C __lorado
gs- Recommenda ions in hlded changing
t6 enhance aérodynatnics and
his lactate threshold,

of lactate. By

ing
by delaj

gan ac

followmg both suggéstxons, hé could reduce his

time

in a race spannmg 40 kilometers by pearly

four minntes. -

Training the Olympic Athlete

LAURIE GRACE
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During one of hxs stays, Arm-
strong completed a ‘metabolic
assessment on a cyclmg ergom-

* fate and lactic acid levels. A
strong reglstered the hlghest

eter, .a machine in the sports -
. physiology laboratory that pre- -
cisely controls Workload (how :

VO 2max of any U.S. cycler. When per-
_formmg at this peak level, he was able
to marshal a world—class 525 watts of

qui kly lactate bmlds up in the m scles.
This latter ineasurement, the lactate

Jmulate, causmg
'pam and buthir g
At the training center, Armstrongs

=t_nreshold, is represented as a percentage-
¢ the threshold that -

lactate threshold measured 75 percent, -

which was 10 percentage points less thdn -
the average for the best cycllsts on the

olé Traunng at t,,h_'s 1nten51ty produces: _
changes ip circulatory, nervous and en- -
fl;nctlons that can raise the lac-

LAURIE GRACE'

HANDLEBA_RS

SWEPT
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BRACKET
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LAURIE GRACE

Training the Olympic Athlete

BLADELIKE SPOKES -

- SHORTENED WHEEL BASE ——-———

COURTESY OF JAY T, KEARNEY. . ="

: ’SUPPORT ELEMENT ELIMINATED
N REAR HUB AND SEAT

as much on technology as cycling does
Dunng Armstrong’s visits to Colorado
Sprirgs, we have also assessed his ped-

aling techmque, riding position‘and bi-

In our bromechamcs laboratory Arm-

measired the direction and magpitude
of the forces on the pedals [see illustra-

"tzon at Ieft] Jeffrey P Broker, a'brome-

‘minéd that Armstrong pedaled almost -
1dent1cally with the left and right: leg i
d were

SOLID-DISK
WHEEL,

' NARROWED ™
WHEEL -7ty
. HUBS -7 ...

THIN PROFILE
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sition . more constructive. Ihe

wind.drag encountered by rider and bi-.

the bike becomes -
clists have as- o

 the individual pursuit race and
set the one-hour record in 1994, con-
trivéd'a’position in which his head was
pitched far in front of the handlebars.
His arms were completely tucked under

48  SCIENTIFIC AMERICAN June 1996
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center, The footage
otig’s trunk needed to b lowertore- ¢

We also recommendéd desigri chang-

es to his hélmet; including a longer, tail-
like extension in the rear (to keep the
wind flowing in a smooth stream over
his head and onto his back). Téstirig with

“ters per hour relative to his old position.

If combined with the various physiolog-
ical improvements recommended, Arm-
strong could cut nearly four minutes off
his 40-kilometer race time [see graph at
bottom right on page 46].

¢ ow they train strong
and other cyélists in Atlan ‘are sure to

and to allow teammates to ride
closér to one another. In‘addition, by us-

. ing high-strength composite materials,

they have minimized the amount- of
structural support needed. The tubing

Training the Olympic Athlete




Wexght hftmg is at the oppos1te end onthe shoulders before standing. After
of the physiological spectrum from cy-

- Whereas cyclmg i’ the Iongest

'can,,be se,en Wh _he)
. neatly a meterfr

er segments called mesocycles.
Cioroslan takes the athletés on the na-
tional feam through threeito four mac-

adopt some of the same training meth-
ods embraced by their competition.

. During the past five years; Dragomir
Cloroslarr a Romaman—educated* ch

gtry in the 19 Olym ics, has take over
as the resident welght—hftmg coach at
the U:S: Olympic Trainihg Center..Gio-
roslan hasinstituted a highly-structured,
.,year reund program based on hls eastein

the videos providésa 1]
ure image for analysis of hftmg techmque (inset).

at. 160 centlmeters (ﬁve feet thr ' ing
McRae, in, fact; took p weight. hftmg be—
)1 cause he hoped it would make him grow
hape; as'does:the wing of an.airplane  taller and more competitive in football.
-[,se,é- bottom illustration ori page 47). McRage can lift. more-thar, )
- .Examining - every .aspect of - Arm- body weight, a feat that has helped make
- ‘strong’s performaiice has improved his  him national champxon Aive:times and
teadiness for the Olympics: His lactate  the U.S. record holder in three welght
threshold has incfeased:from 7510 79 .classes for the two.main’ cotnpe
percent. He now practices or competes  events—the snatch. and. the.clean
up:to-40,000 kilometets every .year. jerk. In the snatch; an athlete.grips. the
(This performance: contrasts: with the bar with hands placed two tothree times
1,600 kilometers ot:so;he cycled at the  shoulder width. He then pulls it to chest
age of 15.) Armstrong has:also logged level. He squats under the bag, catching
better results in recentraces. In 1995 he it overhead with straightened arms..Then
won the U.S. Tour DuPont; and his train-  -he returns to a standing position Wwith
‘ing helps to explain why he scored an  the bar above his head. The clean and
-astonishing breakaway victory in a 167-  jerk proceeds with hands at shoulder
kilometer stretch of the Tour de France, width. The athlete bririgs the.bar to chest
from Montpon-Menestetol to Limoges. level, squatting underneath. to secure it

Training the Olympic Athlete
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AWeight lifting is one of the mast techpi
cally demanding sports, requiting use of
a specific sequence 6f muscles. If each

tramtng phase 0

I In the:second mesocycle, whi -h lasts
another four to five weeks; the team’s
traifiihg ‘objective is to bolster strength
and power-by. doing fewkr tepetitions
(200 to300 per week) but wsing heavier
‘weights that require 90 to 100 pereent of
an athlete’s lifting capacity: The strongest
of Cioroslan’s athletes: might'lift mote
than three million kilograms a

The final mesocycle includes two phas—
es leadinig up to the event. Piring the
first phase, the athlete works at maxi-
mum mtensrty to ensure that the strength

to applymg physrologlcal
ples to training, wéight lifters, like

cyclists, take advarntage of an array of

sophlstxcated monitoring equipment.

muscle group, from the knee and hip

EXIEnsors to the shoulder and arm mus-

"hfter may not raise the bar thh enough
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than the g

asymmetiies in McRae s’ hftlng médéit
difficult to catch:and ‘stabilize the bar
during the sndtch; a finding that 1ea to

several reﬁnements in techmque

Choosmg One s Parents

.hty to- hft more than
twice hls'—body weight may bea

‘matter of bu’thnght ot his early expo-
sute to the sport—or perhaps a little of

both: Sports scientists often ponder the
role of geres 4nd environment ir the

‘makeuypof the elite athlete: !

‘The physiologist Per—Olof Astrand

‘coinéd the often repeated maxim: to be-

come an Olympic athlete; choose your
patents ‘well. That genetics probably
plays at least some role has been demon-

“fnal gains infithess.

strated by Claude Bouchard, an anthro-
pological geneticist-and exercise: physi-
ologist at Laval University in'Quebec.
In the 1980s Bouchard studied paternal

-arid-identical twins. He fourid that some

pairs”of sedentary twins:wete able to
nearly double their- maximuni oxygen
upéake" after 15 to 20 weeks of physical
training; whereas others showed mini-
“Thése findings sug-
gested 4 gerietic basis for the superior
phys1ology of top-notch ‘athletes. Bou-
chiard is now looking fot genetic mark-

‘ers that would Histinguish between those

with 2 high resporise to -training and
thosé who adapt less well.
* . As yet; no elite trainirig programis seek

‘out competitors with-specific “athletic”

genes. But they often do the -next best
thing, The physical typing of a prospec-

_ tive athlete—the systématic recfuitinent

Training the Olympic Athlete




H TRAINING VOLUME (TIME IN PRACTICE)

E STRENGTH :rRAINlNG WITH WEIGHTS
Bl ROWING TECHNIQUE ™ :

FEBRUARY
MESOCYCLE

TENSITY (LEVEL OF EFFORT)

OLYMPICS
BEGIN

€N
Q

. PERCENTAGE OF MAXIMUM:
TIME OR-EFFORT FOR EACH
TRAINING COMPONENT

ONE MONTH

THURSDAY

ONE YEAR B

of youngsters based on traits under
genetic control—has become a fix-
ture of many national programs,

particularly - the now defunct- East -

German sports. ‘machine. The Aus-
tralians, in fact, have demonstrated

- that these principles can be applied in
_a country that does not exert heavy-
- handed control over its citizens’ lives.

The Au trahan win g federanon

FRI DAY SATUR

TRAINING
AT LA

" LAURIE GRACE .

1schbacher, watches 2 video of

“the ‘Tennessee - River; their .

The McCagg sisters, stalwarts of the
U.S. women’s rowing team, are perfect-
ly endowed for their sport. Both are 188

centimeters (six feet two inches) tall and -

weigh 79 kllograms (175 pounds) Both
have body-fat compositions lower than
that of the average college-age male
(meaning imost of that weight is muscle)
as well as long legs that facilitate the ex-

~ecution of a long, powerful stroke.

- The McCaggs also demonstrate that

genes are only of value in an environ-
ment that permits development of one’s-

natural _physical assets through training.
The family also had a multigeneration-

- al tradition of involvement in the sport.

The McCaggs father and grandfather—

- as well as many other famnily members—
rowed competmvely while attendmg

Harvard University - and other. eastem
estabhshment colleges.

After ﬁmshmg their rowing careets if1
an exceptlonal high school program,
the sisters attenided Radch_f_fe College,

. with its long tradition in women’s row-
. ing. Expectations for the twings remaired
~“high from ‘the outset: they joined the

Radcliffe varsity team as freshmen. In
their sophorsnore and junior years, the
team went undefeated. Both sisters made
the Olymplc team in 1992; their crew
of eight scored a sxxth—place finish.

Ilnproving the Best Rowers .

he McCaggs compete in either eight-*

or two~woman crews fOl' sweep

” rowing, in Wthh each crew member
- pulls one long oar with'both arms. As ",
ch as any event, the 2, OOO—meter dis-

IICC they tr averse in SLX tO seven II’llIl

Ttes requires a balance of athletic phys- ‘
jcal capabilities: muscular power com-
bined with a  highly honed aerobic . °

capacity, : and an ability to tap into ene’s

.anaeroblc pathway for more muscle

powet. "
The McCaggs and the rest of the na-
tional team caine to the training center

- in Colorado Sprmgs in 1991 for 4 phys-
' lologlcal and bioinechanical assesstmerit
“to determine why they encountered dif-
~ficulties in the last 500 meters of a race.

To their coaches, it appeared that they
- ‘had failed to develop the requisite an-

aerobic capac:lty——and so were unable

to achieve the increase in rowing power

required in a final sprmt

Testing at the trairiing center showed
that, in dctuality, the team had attained
a level of anaefobic ﬁtness matching that

of the best rowers in the world. What -

‘the mermnbers lacked was sufficient aero-
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ns were known.

C cbncepts of peti-

helpéd to correct the aerobic deficit [see
' grapbs and table on page S 1]

'_ers,'took charge of
“team. Trorijcally,-

“bacher that had beaten a U.S. team on
‘which the McCaggs had rowed in
1985—an event that sgff_ej,ned the sisters’

tem deteéts where Forster aims the nﬂe (above).

T}aining the Olympic Athlete
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iber) rifle indoors. She is a testament to
the benefits-of -perseverance, ‘st

spending only a quarter of the time in
practice. Forster nonetheless stayed with
it. By 1985 she had won a silver medal
at the junior national competition, and
she chose to go to West Virginia Univer-
sity to-train with-Ed Etzel an Olymplc
gold miedalistin 1984, :

In 1991 Forster took up re51dency at
the {Colorado’ Springs- training center.
-Her stay has-allowed her to"devete full
‘time'to training for the 10-mieter air-rifle
contest and the three-posmon shooting
event. The latter contest requirés firing
‘asmall-bore rifle (one shooting a'small-
diameter. bullet)-at" targets 50 meters
away while lying, knteling-and stand-
ing. She has especially labored on-the
mental-reheatsal techniques she needs
in order to muster the focused concen-
“tration essential to‘excelling in this evént.
‘Herefforts have improved her skills,fal-
though:she fell short of winning one of
the two ‘open spots on the women’s
Olympicsheoting team in the 10~ and
‘50-meter events. Forster’s training; how-
ever; providesan-illustration of the "be-'n'-
efits psychology brings t6 sports. «-

~ The roots of theispoits psychology
field thit are the basis for Forster’s skills
extend back almost a century, when
Norman Trlplett dnscovered that ath-

“letes p i [
agamst one another than when cofh pet-

howing
that intensive training can in:some.
15 e
sports make up for a lack of irmate abil-*
ity. Not a natural talent, Forster .ob- -
served her sister shoot equally well While

ing against the clock. Sports psychology
began to gain a broad appeal in the
1970s, when the profession started ap-

time, new research showed that mental
practlce alone could improve mptor

ner
, I.her ref
she combmes a number o techmques—

among them, muscle relaxatlon exercis-

alistic. objecnves that she.c
duiing each | practlce T
Relaxation exercises allow the shoot-
er to helghten concentr tion and to rec-
ognize sotirces of muscle tension in the
shoulders and back that can affect the
accuracy of a shot. During visualization,
Forster may picture herself: arming afid
shooting;at other timmes, shé sees hetself
as a. bystander watching the eventfrom
sthe sidelintes. The more active imagery,
when she actually iniagines holding the
rifle; seems to yleld Tore: of 4 perfor—
‘mance gain. .
‘Forster repeats a v1suahzat10n routitie
before eachiskiot she takes in’ competi-
tion; Tn-Her mind, she toves:stowly
through-esch step; from standing orr the

pentron Invokmgf”‘
cahn before each shot A shoo

paratron and ﬁnng,w the
‘4 shooting event.” The W
gaiiged on aceuracy; not speed; fwill: hlt
the bull’s-eyewith friofe than 90: percent
of theshots madein the tWoevents
- Forster has also worked diréctly: wnh
U.S. Olympic spotts psychologist Sean
MeCann to allay the'perfectionistn that
'has sofrietimes caused her to lose confi-
dence in the accuracy of her aim. To as-

«deteriorated afte ﬁve« orsix s conds.
training, " d
alization r routmes that mcluded a series

~‘of a perfor- ,

firing line to bringing theriflei ’mto posi-*

~}ONE-TM(LE WORLIYRECORD

LAURIE GRACE ,

sess her technique, she shot a rifle
equipped with an infrared laser. An

;-analysis of the placement of the beam
1 “onthe ta,rget showed that her aim was

flawless. But she contmually tried
t6o make adjustmients, and so her abrhty
to remain steadily fixed on the target

of verbal cues to quell these fears—the
e_peatlng of simple words like “relax”

plishments that accrue from the slow,
deliberate pace that characterizes this
most cerebral of sporting events.

The combination of physical and
mental training employed by the rower

“ot ‘shooter. applies across the-full range

of the 29 Olympic sports, from swim-

immg to baseball Sports scierice and

: RECORI_? RACE TIMES FOR MAN AND HORSE

ey
H H

r?gs‘ready Persistence has yielded some =~~~ ~77¢
,payoffs During her residency, Forster
-~ 'hds wor two world cups, and last year
h - sheplaced second at the national cham-
" pionships—a testament to the accom-
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technology have 'eonﬁri‘bnted- toatiend
it which wotld records in‘all spoits keep

falling. Winnirig times for hotses in the

‘Kentucky -Berby have declined- at 2

slower rate than records in the one-mile
run have. It is-certain, moréover, that
the Olympic: Gamies i Atlanta this sum-
mer-will once'agair challenge the hrruts

‘of human performance R !

G tee. From 1974 to 1986 he was professo
ty ofK '_tucky, and fron 1988 to 1992 he served ‘

THEETIC PERFORMANC A
I/Hunt Pubhshmg, 19

e d "'Rebecca NeIson and
: Marle] MacNee Vlsxblelnk 1996

Trdining the Olympic Athlete s
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