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INTRODUCTION 

Thc release of ~ I J U C K O ~ ~ ~  mrgy during burrds of high htc&y exacise is 

significant m t m  of sports paformawe but bas been d iEd t  to [lq. While 

the contribution of aerobic work hss been well quantified for some time, thae bas mt yet 

been one de6ning laboratory mearrurement of anncmbic c o n t n i n  that is u n i v d y  

used. Anaaobic capacity bas been chm&wizcd as the maximal amount. of ATP hrmd 

by the anaaobic processes during a single bout of maximal exercise [lo]. Given the 

comparative comtaucy of m b i c  p o w  among elite athbs, the magdude and the 

paaan of a m ~ ~ b i c  energy expeadihae may c o n t r i i  in a definitive way to 

competitively mcan@M d i f ihnm in ~~. AthIcta Athl as vrU or 

swimmrs that conpete m events hstips only a few minutes are separated by vay small 

diffrmr;es in final paformawe tims (e.g. lniukconds). It msLGes m that dlktc!s 

andcoachesa~rewouldfiaditbenefic 'dtoddaminethebestwa~to~~bic  

sources in coq&ion 131. The g a w  of this type of physhlogkal hfbnxmtion 

r e r m i n s c o n g k x a n d r i & s ~ c o a p e 4 i t i o n ~  Tk&m,drbon 

mrgaicso~duringathkticcompetitionisOenaallyvaylim%d Rmmrchtht 

e n c o m p p s s * l % ~ d n ~ m ~ m o d e l t h r t m r y b e u 3 e ~ i n  . 
better the lirnita of the physiologkal maponnu to a d a e  [6,7,19,20], md 

allow the testing of nrthnndical models of porhmum [4,24]. 

~ ~ n o n t h e i a t a r r c t i o n b s t w a n . a o b i c ~ ~ b i c m a s y y k I d i s  

Limaeclandmwdataontbi~topicis~ A c c o r d i s g t o M r a ~ I [ l ] , ~ ~  



periods lasting up to 2 minutes, aneerobic power is more. important than aerobic 

contribution; at about 2 minutes thue is a 5050 ratio, and with prolonged exercise the 

d c  contribution becomes gradually more impomnt. Astrand [l] has estimated that 

at a 4 minute bout of maximum effm, aerobic processes contribute 70 percent while 

anaerobic processes account for 30 percmt. Othas have found that 60%, 5056, and 30- 

35% of the total energy release is anaerobic during exhausting exercise bouts of 30 s, 1 

min, and 2 min. respectively [16,17,18]. From these varying data, one rejrlizes that a 

large anaerobic capcity is of great importance for succcss in physical activities that 

incorpontc short bursts of intense exercise [18]. Thaeforc daennining the relative 

contribution from d c  pmx~les during a series of short-lasting cycle time trials 

might be of bendit mlativc to competition stntegiecr for athletes. 

Mort sporting events involve aom type of strategy. During cycling, athletes try 

to wver a csaain dilrtance in the shortcat time possible. The stmtcgy for achieving this 

goal involvca decision8 about how to expend the anacmbic emrgetic r#lources. Paciirg 

hu bssn Mned as the controlliag of speed throughout the nce by vatying the rate of 

~ ~ t p r e  [a. Ildr'topic xemah complicated due to vuy little data on pacing 

~~p [2226], and miniag and competition adqtationm [21]. Mae rersPch is 

athhd cxpead their rarsrobic emfgatic tmnnccd might pmi& insight into how 



athletes solve the problem of mhdzing the time mphmmt for completing events of 

varyingdismces. 

Strategies for maslaing anaerobii capacity in the laboratory have been widely 

reviewed by Bowherd et aL [4]. Two of these tests mc wo& due to their 

po* use. 

The W i i  aaaerobii test [3] involves a subject pedaling a mec-y braked 

cycle ergometer at the maximal rate possibk against a heavy resistance of about 1 Nkg 

body weight fbr 30 seconds. Ayalon et aL [2] designed this test in 1974 to detembe 

aaaerobk~~d~an&uteffort,withtherrmnpowerproduced~the 

test beiog accepted as a ms~lae of ansaabic power [lo]. It was orighdy asm& tbat 

themanpowerwasan&ctionofanambicp.oces9es[3]. SincethEttimc,ithLIbm 

~ ~ t b a t t h e m a u r p o w e r ~ d o e s m t c o ~ n c e n t i r e l y  hmammbic 

mergctksourcts,butis~oneaaey~~~formbthanambicaadmbic 

procasts [3 1. The d d n  of this test is too short to completely fftisue the -bit 

energy system and long enough for the contrii 'n &om aerobic mcllbolism to be 

[231- 

SimilartotheW~TestistheQuebec90-stest. Inthistsatthesubjsctbegb 

psdaling at 80 rpm while the workbad is rdjuatcd (to h u t  .5N/kg body weight). Ths 

s u b j e c t t h e n p e d a l s a s k t a s ~ ~ 9 0 s .  Thscht.givenmmrPt+nm~powa 

output, some infommtiononthepdtanoffibieue. dqurditrtstktotrlwmlrdoaein 

90-s,~Fo~ctal[8]wi~:hdesnryrpporbthe~bicaprcity. Yetths 

validity of these pdbrnmnce-W tesb ca. ba dirpded due to the coahibution of 



acmbic metabolism that may account for a sizeable amount of the eawgy rcqukcmcnt in 

tcSs less than a minute in duration 

Medbo et al. [16,17,18], have q g c d d  an indiation of anowobic capacity may 

be derived &om the accumulated oxygen deficit du@ d a u h g  am*. Gastin [lo] 

duriqaracisedthetoEalthatwouldhvebanwdhadaJtesdy~ban ,,. 
rcachai iarmediPtely. Karlssonaad Saitin [12,13,14] iwdthistccimiqucto masun the 

anowobic ATP fo&n du@ iatense bouts of bicycle exercise in the 1970s. Gastin 

should kvel offwith d* dwath, and the m u n t  of work @d anaerobically 

s h o u l d ~ w a h ~ d u r a t i o n M t i l t h e ~ b i c c a p l l c i t y i s ~  

A b n g w a h t h e w n c s p t o f ~ d e f i c i f n w ~ t o ~ ~ m e r i t  



the t-ue of simulating competition m the labomtory by having subjects complete 

time trials of varying dkhuxs using a racing bicycle atbchtd to a windbad sinrulator. 

T h i s t e c h n i q u c h a s b c t n s h o w n t o b e ~ ~ ~ l y s i m i l s r t o t h e f c c ~ ~ d  

during cornpaition [6]. Foster a aL [q, demmtmted that the tim trial technique 

producedsignificantlyhighcrpcakV&comparedtoau~cyckagometertna 

Furtha these resuits suggest that larger physiobgical responses may be achieved w I m  

subjects are h e  to adjust their power on a moment-by-moment h i s  compared to 

a work pattern that is d i d  by a certain protocol. These data hiehlight the idea of 

providing mar "real world* approaches within the co& of a laboratory by 

modifying equipment and having athkcs attempt to mbimh the tim to complete a task 

[6]. F&sndies~the&&fictabqwithimepprollchcsto~~ 

give possibilitk for evaluating psttam of energy expendihne in competitive 

simulations. Omintantwastoevaluakplttenrsofaaobkand~biceaagy 

ocpmdituns duriag high W r t y  simuLted cycling tim trials. We hypotheski that. 

athlaesacpendtheu~9ommamythat~biceaaeyQesmtp~pn, 

intheseevents. 

METHODS 
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Table 1. ~ t e c i s t i c s  of Sub- & SD) 

Male Rmde 

Weight (kg) 74.3 + 4.3 60.00 

V& (ml . min-' . kg') 52.1 k 4.3 48.50 

Trbk 1. AU wbjccts were informed of the testing procedurw and ccquhmmta and 

provided infamsd coasent prior to testing (Appemtix A). Ihe protocol w116 approved by 

the U n i d t y  of Wiacomh-La C r o ~ c  htitutimal Review Board for the Rotection of ' 

Humm  subject^ Won any datacokctim. 

Rotocol 

Each rubject's height and weight w u  meruund prim to their tirst teat. Erch 

wbject p6rformed 500,1000,1500. end 300(hn pmcticc tim trials oa diffueat day to 



(Polar Vantage la, Polar Inshmmts. Port Washington. NY). Each subject then 

p c r f o d  the same distances, again on diffaent days. Thc order of tim trial distances 

was randomized, with each subject instcucted to complete each distance as rapidly as 

possible, as in competition. 

Each subject warmed up prior to the ride according to his or her own 

plecompctitive preferences. However, the warm up included a 5 minute period of 

constant power output exercise with simultamous measurement of power output and 

V02. From this measurement the &c cost per joule of exercise was calculated 

according to Willems et al. [25] and Garby et al. [9]. The utilization of anaerobic 

capcity was thm measund by determining the average power output of each 2OOm 

segment of each distance. then subtracting the masured 02 uptake fmm the pdicted 02 

uptake. The total anmbic  contribution was computed by subeacting the anobic work 

done from the total work done during each segment and summating. 

. . 
Statlsacal tnatmnt 

Gmup mcans and stMdard deviations w a e  calculated for al l  physical 

c-sties (age, height, a d  body weight). Outcom vtriabks werc analyzed with 

repeated measure3 analysis of vsrimce to test the h-s that 'the anaerobic 

contribution is not used up bdorc the end of these events. 

RESULTS 

Time. During the 500m time trial. the avarge split time incnr#d pmpwively 

~ghouttheride. MCankSD)timrforthe 1 0 0 . 3 0 0 . a a d M ( h n ~ t s a l e ~ ~  

in Table 2 and illwcatcd in Pigwe 2. It was found that the 300 and M(hn aplit timen 



Emu- 
Sptit Time (s) Power v@ Total h b i c  Aimembic 

ou tp to  (Vmin) (J) (J) (J) 

loom 10.02 
( 0.88 



Tabk 3. lOOOm Results C+ SD) for Time, Power Output, Vq, and Energy Expoditwe 

T h e  (s) Power Total 
EnergyE-e 

Split V q  Aerobic Anaerobic 
Olbplt4W) (Urnin) ( 9  ( 9  ( 9  

Total 81.80 
( 6-92 ) 

(px.05). E a c h s p l i t & t h s t w a s n o t ~  . . 
dB&nt h m  o h  @ > .05). Mean 

C+ SD) tims fbr the 200,400,600,800,100,1200,1400,1600,1800,2000,2200,2400, 

2 6 0 0 , 2 8 0 0 , a n d 3 ~ s p l i t s a r c p n s c n t e d m T a M e 5 e n d ~ m F i ~ 2 .  

PowerOutput(watts). ~ t h e ~ ~ t i m t r + d , ~ p o w a o l t p t  

prognssivclydecratsedthroughoIttheragwithaveragcpower~the~mthe 

fiRt 100m. Mcan~SD)powaollpltforthe 1 0 0 , 3 0 0 , a d 5 0 0 m s p l i t s a r c ~ m  

Tabk2adiUustmtdinFigurc4. D u r i q E t h e l O O O m t i m t d , p o w a o ~ ~  

f o l b w i n g e a c h s p l i t w i t h t h e k r g e s t ~ m p o ~ ~ ~ t h e 2 0 0 d  
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Table 4.1500111 Results C+ SD) for Time, Po- Output, Va, and Enaey Expenditure 

EmgyExpe- 
Spla Tim (s) h w e ~  VO.2 Total h b i c  Anaaobii 

oldpd 0 (Urnin) (9 (9 (9 



I 1  

Table 5.3000111 Results & SD) h r  Tim, Powa Output, V*, and Enagy E x p d h e  

Split Ti (s) Power va Total Aerobic Aaaerobic 
Emgy- 

outpa 0 (vmin) (9 (9 (9 



Total 277.04 
( 19.27) 

fir the 100,300,500,700,900,1100,1300, and 15- splits are presented in Tabk 4 

andillustratedinFigure4. D u r i n g t h e 3 0 0 0 m t h a e ~ a ~ p o w a ~ t h e  

most dwing the i%st 400m, then remained fkirly constant thoughout the maprity of tbt 

race. ~ y , d s u b j e c $ d a n o ~ a f a i r l y @ i n a e a s e m p o w a d w i n g t h e  

last split of the rsce. M a n  e SD) pomr output fbr the 200,400,600,800,1000,1200, 

l400,1600,18~,2200,2200,2400,2600,2800,~3000mareprcsentedinTable5 

andillustratedmFii4. 

V a  Dwiug the 500m time trial. cycliq V% i d  throughout the race, 

p ~ i n t h e 6 u a i 2 0 0 m  hC+SD)nluesforthe100,300,d500mspIitsm 

p i e & n t c d i n T a b k 2 a n d ~ i n F i l ) m e 6 .  Durbgtkl000mtimctrial,V& 

inaeuedthemostbetween200and400m,thmrennrined~ly~00111~t,Withthe 

h i g h e s t ~ ~ ~ r ~ ~ 0 r d c d d w i u g t h e ~ 2 0 0 m o f t h e n c e .  W m e S D )  

vahwforthe200,400,600,800,and 100(knsp l i t sare~ inTablc3and  

~ i n F ~ 6 .  I ) l l r i q e t h e l ~ t i m e ~ t h e p o i n t d w h i c h p a l r v c l l ~ t ~ w a e  

o h t a i n c d ~ ~ i n d i v i d u r l q y c t a l l s u b j e c t s ~ t h e k p e c l l r V ~ b e t w e e n  
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Total Joules 

80000 

3 4  
E .i z a3 Y a 50000 

12 40000 - 30000 9 I ZOOM) 

0 
1m 

500 1000 IMO 3000 
0 

MO 1000 IMO )(MO 
Distance (meters) Distance (mtrrs) 

Aerobic Jouks 

70000 80000 - 
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Anaaobii Jouks 

3 40000 
2 30000 

Figure 1. Average rcspomc of Vam, total joules, aaobic pules, and anaerobic 
joules fbr the 500,1000,1500, and 300001 time trials. 

the 500 and 1300m splits. Mean C+ SD) values for the 100,300,500,700,900,1100, 

and rnnaimd fairly constant during the second half of the race. The man C+ SD) Mhws 

average V G  during the k t  200m of each race was equiwht, wifb no 

s i g d h n t  difkences found @ > .05). 



lOOOm Tim 500m Tim 
25 

0 2004006008001000 
Distance (m) 

3000m Tim 

F i  2. A- response of time for tbe 500,1000,1500, and 3OOOm time trials, 
~ m r y 2 0 0 m ( ~ o P e n i q g l 0 0 m m 5 0 0 m a n d  1500m). 



Average Time 
25 

0 

0 500 1000 1500 2000 2500 3000 

Distance (meters) 

Figure 3. Combined average responses of time fbr the 500,1000,1500, and 3000m 
time trials, measured every 200m (except opening lOOm in 500m and 15OOm). 

energy expenditure progressively incressbd throughout the race for all subjects, but not as 

rapidly as in the 500m trial. Mean &SD) values are pmated in Table 3 and ilhwhted 

in Figure 8. During the 1500m t h e  trial, individuals aerobic e x p e d h e  rapidly 

increased in the 6rst 600a with a slower progression in the second half of the race. 

Mean SD) values are presented in Tabk 4 and illushated in F i i  8. Duting the 

3000m time trial, all subjects experienced a successive inueasc aerobic energy 

expedheduringthe6rst l O O O r n , ~ t h e r e s t o f t h e r a c e ~ a t a f h i r l y o o ~  

level. Mean (rt SD) values are prescntcd in Table 5 and illustrated in Figwe 8. It was 

found thae.was a signi6cant ditkmnce among all four cbbmces (p < .05). 

AnaaobicEnergyExpedhe. hri~3the5OOmthnetrial,a~wag~pealr 

anaerobicenergyexpenditurcwasthehighestinthe6rstlOOmoftherace. AUJubjects' 



500m Power Output lOOOm Power Output 
loo0 loo0 
800 800 

6 0 0  600 
3 400 3 400 

200 200 
0 0 

0 100 200 300 400 500 0 200 400 600 800 lo00 

1 5 m  Power output 
loo0 
800 

6 0 0  
3 400 

200 
0 

0 500 loo0 1500 

3000m Power Outpld 
loo01 I 

Figr~e 4. Avaage r u p o l ~ ~ ~  of power output for the 500,1000,1500. and 300(hn t i m  
eials,mtas\lredevery2m(exceptopeniDg lmin500mand15m). 

split oftbe race. Yd tbe mrprity of mrgy (59%) was pmduccd mmmbically for the 



Average Power Output 

Distance (meters) 

Figure 5. C o m b i i  average responses of poww output for the 500,1000,1500, and 
3000mtimtrials,masrnade~y200m(exceptopmiqg 100min500mand1500m). 

m h e d  a minimum at the 1 100m split, with an imease in aneaobiic expendhe during 

the final split of the race was recorded. Mam (i: SD) valucs arc prseatcd in Table 4 and. 

illustrated in Figure 8. Ovaall, 37% of the enagy expadhe  during the 1500m was 

fium anserobic sources. Dwbg the 300h t i m  td, all subjects obtakd peak 

ananobiienqgexpenditurevaiuesdurisgthe~400mtas. Asberprrductionin 

ananobi energy expendhe was seen a&r that for all subjects, remuiniag oonrtant lmtil 

the Last 200111, where all subjects exp&scd a large increase in sllaaobic enagy 

expedhc .  Mean~SD)valucsare~mTabl t5di l lus tratedmFigure8 .  

Omall, 193/.oftheenagyexpadheduriqethe3000mwashm~bicsourca. 

N o s i g n i f i c l l n t ~ i n a n e a o b i c ~ e ~ ~ f o u o d a r m n g ~ ~ u r  



Figure 6. Avaage nsponse of V@ tbr the 500,1000,1500, and 3000m time trhis manned 
evay200m(exoeptopa1iag l00mm500mandlSOom 

diamlcu (p > .05). 

DISCUSSION 

T h e p r e s c n t ~ ~ r t s o u r ~ ~ t l m t ~ b i c ~ ~ b  

m t c o l l p l e t d y d u p ~ t o t h e d o f a b ~ m t m s i t y o o ~ ~  The& 

dum- that fw of 500,1000,1500, and 3000m, athktea utilize their 

.~obicand-bicslwcesmawr).thrt~notd~apcitybeforethe 

d of the mat. Even hugh subjcds wae given only one hdxu&m, to oonplea erch 

~ a 8 n p i d h l a ~ p o r r i b l e , a l l i a d i v i d u r b ~ t h e t n k w i t h s o m e ~ b i c  



Average VOz 

Distance (mtcrs) 

Figun 7. Combined average nsponses of VOz for the m, 1000,1500, and 3000111 
time hials. measund every 200m (except opening lOOm in 500m and 1500m). 

energy expenditure during the last 200m. It is remarkable that the total anaerobic mergy 

expenditure was very similar ova all four distances. Thcse results are consistent with the 

suggestions of Foster [7] and Medbo [17], suggesting a fixed upper limit of anaerobic 

emrgy expenditure. However, unlike the observation of Medbo, our subjects did not 

require m m  than two minutes to fully expend thcir ananobic capacity. Intuestingly, in 

the 1500m and 3000m time trials, some subjects employed a pacing stlatcgy that multed 

in an increase in anaerobic expenditure in the fid UlOm of the race. Conaidaing an 

athlete's internal behavior and attempting to simulate these types of competitive evmta in 

the laboratory allows us to explm the optimal way in which to expend cnagy aomm is 

of great bcnefit to athlctes and coaches. Altanatively, approaches such as that used in 

the present study allow testing of theontically daived models of performance. 



h m 
4 1500m Energy E x p a d h e  

F i i  8. A- response of cnagy (toEd, aaabic, and awrobic) &r the 500. 
1000,1500, and 3000m time trialS meartlnd even 200m (cxcmt oDeniaa lOOm of 5OOm.d 

O u r r e s u l t s a r e m t i n ~ w i t h ~ f i n r l i n a  Aqumhmw . . model 

mcorpontisB the obsaved power output clprbilities of clthletes and cshbhkd ruktamx 

~wardmbpedbywmIqemScbeau(24]. Themodel.unm#tbla~mobic 

~ i s ~ d ~ i n a h @ ~ c v s d ( t h e a l C o ~ ~ t ~ ) , a n d t h e  

vebcityattheendoftbemdbernreatirllywaa&dolapy. ~ T h i r l h r r ~  

a e n u # d t O s i n r u L t e t h e p c ~ ~ e m p b y e d b y ~ i m l w m p d i t i v e ~  

A a s b t e d a b o v c , o u n s u l t d e v i r t e J f i r o m ~ p r s d i c t i o s s h o w i a g t h r t ~ ~  



Average Aneerobic Expenditure 

Figwe 9. Average respome of aneaobic energy expendaun for the 500,1000,1500, and 
3000m time trials measured every 200m (except opening lOOm of 500m and 1500m). 

of de Koning et aL [5]. This pattan is clearly evkknt m the early stages of all four . 
events where the rate of anaerobic energy e x p e d k c  decreased rapidly afta the first 

seconds of exercise. However, unlike the asumphns m the de Koning model 151, our 

subjects did mt completely expend their anaerobic enagetic resavcs Mxe the 

conclusion of the 1 000 and 1500m events. 

It can be argued that tcchaical himiom may be a firctor m the cumnt study's 

study were pattaacd after track c y c W  type of competition Amtha limitation 



totkmbnzc 
.. . themselves with the rack bicycle. 'Ikefbn subjects may have picked up 

an optimal strategy that a k c d  their linal rcsuki, due to a kaming p k n o ~ n .  

H o w ,  t may just as easily be a r g d  t .  sevaal trials may be rrquired to an 

optimal shaeegy fbr thest types bf events. Lastly, the a@j&s' subjects' train& regimen 

may have been a complicating factor. S i  subjects competed mainly in endurance type 

~since~mretesteddunhgthelatewiatcrdunhgprinrar i ly~traia ing,  

and since their tmhbg program did not involve a sisnificant amount of high intensity 

~ i s e , t b e y w a e p o t m t i a l l y k s s ~ d t o t b e ~ p r o t o c o L  

Data focusing on ansaobiic energy e x p a d h e  and pacing rrtrategies arc still 

relatively ntw [5,6,7,25]. One idea that may kad to more conclusive results is to expand 

the mnnber of dbhaca evaluated. Expbring the rcsuIts of additionnl dktnnca may 

bing about better m d m t d h g  of the limits of anaerobic capacity in athktes In 

p a r t i c u l a r , ~ t c s t s o f t b e p a c i n g m o d c l f o r t h e ~ d s t a n d a r d 4 L m  

pnsuit-aspoposedbyvsn@~11ScherYludaL[24],ae#ltobcpcrfona#l. Asa 

f i n a l p o i n t , ~ s u b j e c t s r n o r e s p c c ~ y t r a i n e d a n d e ~ i n ~ ~  

evmtsmigkrcsuEtmidd@hgmnbcttcrwaystoimpro~~anclthlete'spcrfo~ 

inthekboratmyandinconpaitiw 
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EFFECT OF COMPETITIVE DISTANCE ON UTILIZATION OF ANAEROBIC 

CAPACITY 



Informed Consent 

EFFECT OF COMPETITIVE DISTANCE ON UTILIZATION OF ANAEROBIC 
CAPACITY 

1, , give my informed consent to 

participate in this study designed to masure anaerobic cqacity during cycling time trials 

of di&rent durations in relation to pacing strategies identified by a msthcmatical model 

of  human energy expenditure. I have been informed that the project is under the direction 

of  L i  Bruckcr, a graduate student in Adult FitnessOrdii Rehabiliiion at the 

University of  Winsin-La Crosse. I consent to the psentdon, publicatiion, and other 

rekase of the summary data h m  the study that is not identitiabk with myself 

I bavc been Mrmed that my participation in this shdy will involve my 

completing eight visits to the Hwmn Perfbrmance Laboratory (MH 225) at UW-La 

Cmsse. During each of first four v i s i i  I will complete a 500m, 1000m. 1500m, and a 

30001x1 practice time trial on separate days on a cyck ergometer. The next four visits will 

consist of  completing the saw distances in random order. During the time trials, I wiU 

ride according to directions provided by tbe investigators, compktirtg the trhls npidly 

as possible. Dwing the last four trials, I will breathe though a scuba typt mouthpiece so 

that my metabolic rate cau be masund 

I h a v e b e e n ~ d t h a t t h e k n o w n o r ~ d i s c o ~ r t s t o  beexpeckdare 

fatigue fiom the exercise teats. I have been i n f o d  tkt the risk of c o m p ~  

during clinical exercise testiag is known to be about 6/10,000 tests fbr mimr 



complications and 1110,000 tests for d o u s  conplicatiins (e.g. cardiac amst). For 

prospectively healthy, athletic individuals the risk is thought to be nwch less 

(approximately zero), but is less well documented simply because complications am so 

nue. 

I have been informed that the primary beneM that I might expect from 

participating in this study is a betta rmderstaadiag of my pahnmncc charactahtics ad 

guidelines to help me i n d i v i d d i  my tt.aining. 

Ihevcbeeninfodthattbmarcn,"~n@wintheshdy. All 

@w arc taken at face value. 

I bavc been informed that tbe investigator will arrmer questions regardii the 

@w tbrougbout tbt come of the study. 

I have been inhmcd tbat I am k c  to with&aw h m  the study at any time 

wahoutpcdty. 

Concuns about any aspects of the study my be =&red to Lindsy B m k a  at 

(608) 781-3795. The thesis chipcmn will be Carl Fosta, WD (608) 785-8687. 

Quatiom regard* the protection of hPrman su- may be ddresssd to Dr. Dan 

Duquctte, Chair, University of Wmmin-La Cmsse hdlutbIlrl Review B o d  for the 

Roteetion of Hunaa Subjects, (608) 785-8124. 

Date 
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REVIEW OF RELATED LITERATURE 

The process of testing athletes in a laboratory setting to interpret fiurctional 

capacity and sport specific potential is not a new concept in the field of exercise science. 

Depending on the type of sport, athMes and their cosches bave access to a variety of 

types of physiobgical testing that can aid in future perhmmce. The most historically 

importad predictor, maximal oxygen uptake (Vw is discussed bebw. Also 

hi@gkd arc the concepts of lactate thnsbold, ventilatory threshold, and anmcrobii 

power and capacity. U- Va, and lactate and tentilatory threshold is 

~ h r s p o ~ e v e d s t h a t ~ ~ o n ~ b i c e n a g y p o d ~ n , r u i n b n g ~  

nm& cycling, and swimmiag. AthMcs conpetiqe in events that n more dqmdcnt 

o n ~ b i c e n a e y ~ n , s u c h ~ s p r i n t ~ , c y c ~ l l n d s p e e d s k a t i r ~ g c r r n  

beaeB &om u m h m d h g  amuobic power and m b i c  capacity. U- t k  

concept of pacing and bow &us pacing strate& can be of benefit m conpalive 
. . ~ i s a l s o c r i t i c a L  

camammL 
In the 19205, Hill and Lupton [28] wae the ~ R U  to investigate the c o w  of 

mudnvll oxygen uptake ( V u .  They Eourd there b a lhwr rclatiomhip bchwcn 

oxygenidrlredworkbaduntilVOh,iratrined HillandLuptonconcludcdtMa 

p h t c r u m o x y e e n c o n a m p t i o n ~ r t ~ e f f w t , t b r r t b e ~ d a n d  

~ ~ n t k l ~ h c t a a o f ~ e x a t i m  Thisphtautkoybtk 



most widely accepted standard for the achievement of Va, during a gradcd exercise 

test (24). 

Determining Vq, of runners and swimmers also dates back to the 19209 when 

studies were first established [27,38]. These studii found that increases m running and 

swimming speed correlated to increases in oxygen uptake. These, as well as the work of 

subsequent researchers (Astrand, 1952; Robinson, 1937), were. the 6rst to identify the 

important mle of Va, for successful peri5rmmce in endurance events [1,49]. Another 

factor that corns into play when determining VOz, includes the size of the musck 

group involved. Taylor et aL [59] fbund that the larger the muscle group that was active 

(c.g., arms and legs), the larger the V L .  

Colltroversy still exists in tenm of the exact mechanism that limits V L .  

Noakes has argued that the limiting &or is not the rdaodard plateau theory, proposed by 

H i  and Lupton, but an alternate skeletal musck contraction theory that states: "skektal 

muscle contractile W i n  is ngulatbd by a hierarchy of controIs specifically to p v m t  

damage to any of a number of different orgausn [44]. This topic bas ban hotly &bated 

[5,45]. Hill and Lupton's theory re& the standard used today but fUrtha resarch is 

nuded to filly understand the limitihg WOIS of V L .  Whereas pndicti cmdumm 

paformance thmugh VOz, testing is widely used and accepted, lactate md wdhtory 

tlnwimld are also related to the ability to @nu probnged exercise [19,24]. 

The dizatimn tbat bbod iactate co-n inaeues ~ ~ l y  

drninggra&dexrrcisedetesWtotbelYU)s[3]. A r o l n d t h i s t i m i t w r a . t r 0 ~  



that at about the same workload that blood lactate began to accumulate, thm was an 

abrupt iacrease in ventilation at the same workload [18]. The concept of anaerobic 

metabolism during exercise began with Hill [28], h y p o t h c s i i  thst increases in blood 

lactate were due to a lack of oxygen delivery to the working muscles. 

Bang [3] pointed out that thm was a metabolic phase when the exercisii person 

wouldbegintosccumuhte~einthe~kandbbods~thcexerciseproceaded. 

The worL rate at this "brtalring point" is n a d  anacmb'i threshold 1621 or omt of 

bbod lactate sccumuktin (OBLA) [35]. Skinner and McLellan [54] and Kindennan 

[35] mtcd that in several laboratories incremental exercise testing has been strndardized 

with the aim of fiading the exercise or oxygen uptake rate at which the bbod h a t e  

comcntmhn rarcbes a value bawcen 2.5 and 4 mM. F& investigation conccmiag 

thig concept is continuaUy W i  carried out since it is d i E d t  to define a single point for 

the amcmb'i thnshold [24]. Was~aman and M d h y  1621 and Hollmann [30] each 

described the concept of anaerobic threshold and the notion of noninvasive mmmamt 

using respiratory metabolism, The gas exchange anacmbic thnsbold (AT) was defined 

as the mi of exercise associated with the first m&mr ina#ue m minute 

ventilation (VE) and voQme of expired COz (VCCh) relative to oxygen qt8ke (VG) 

[12,41]. A high comiati bas been o b s m d  between thesc mhtimns m gas exchqge 

and an iDitial iagease m pfasrm Watt above resting nluts [10,63.65]. The concept of 

the d t h s b l d  has been a point of rrgument since at leut the errty 1- [7, 

131. T h e p o i n t r t w h i c h a ~ i n c r e a s e m v e n t i L t i i ~ m d ~ ~ i n  

Lc&terccuauh(ionrrlmpLcemayaotnroessrrilybeattbeslmwwknte[~17]. 



Consideration must also be placed on the fact that individuals vary in the nnwimum 

lactate kvel that can be tolerated during prolonged exercise [56]. Alternative ideas state 

that the amount of lactate accumulation can be attnied to inconsistencies in the rate of 

lactate production and removal, regardless of whether or not lactate production is related 

to anaerobic conditions in the muscle [lq. Terms such as m b ' i  threshold [3q, 

ventilation threshold [54], and lactate threshold [33] have becom apparent in tbe 

literatun. Regardless of the debate over the causes of lactate accumulation and 

excrtional hyperpnea, a gemral concept re& clear that the b u k b g  of lactate by 

biibonate kads to an increased need to ventilate to meintain P a m  within nc-mel 

limits [24]. 

Whik the tenn amembic threshold is conhoversial, there are still prsctical 

reasons fir its nmsmemnt. Inrreascs in V9, m athletes that d m g o  extensive 

trainhganmimr[9,20]. YetthepenxntofVOt,thatcanbesustahdfirexk&d 

periods of exercise, the conceptual equivaknt to anwmbii thnshold, hmcascs with 
. 

tmining far beyond tbe pint where VOt, fails to incmue [11,14,25,29,31,32,34,39,47, 

48,51,53,57,58]. Also, anwmbic threshold provides important ~~n h u t  tbe 

athlete's saobic potential, and about the e&ct of tmining [13]. In both absolute twma 

and expessed as a percentage of VOt, the amembic tlpcsbold is high in tbe cdmncc 

trained athlete [13]. For example, in sedentary iadividuds, the AT occun et -50-6096 of 

V- [58,24], while AT occurs st -70-803C of V- m the edmoce lmkd  [59]. 



While VOr, bas been well defined by the classic plateau of oxygen uptake [28], 

the measurement of aneembic work using a single test has been kss well defined. Many 

athletic events involve short bursts of intense muscular activity. There is a lag in the 

onset of the oxygen tmqort system during the beginning of exercise, and the result of 

this lag during the fnst few minutes of exercise is a large amount of muscukr work tbat is 

compkted anaerobiiy. Accordingly, improving one's anaerob'i energy expenditure is 

n a w u y  for improving pmhtmanw. Unfommsteiy, m most events, one cannot 

estimatethetotalenagyddwithsufficiintprecisininmaximalornwrlllaximal 

situations. Thaefin ammbic power and capacity an c-Micuk to detcnninc. 

Insituatio~~wkembk energye- isMdardaodtocontnhtcmy 

little, mamiag tbe rate and quantity of work has been ideal in detamining anaerobic 

pomr and capcity [24]. hkgarb, Aghemo, and RoveWs devebpmnt of the stair- 

c l imbi i  test 1401 marked the beginning of emhaion of peak power proddon It hus 

been h w n  that peak pomr output can raqc fiom a mre 700 Watts (W) in urrhainsd 

fnaakstoasnr;lchmlMOWinsomwefltninsdmrk~[24]. Themostwidely 

usedanacmbicpo~terd colltiaues to be the W m  cyck cqomter rn [4], which is 

~ ~ o n a ~ ~ ~ b n L e d c y c k c q o m t a ( M o ~ ) w i t h a 3 0 s ~  

bout. ~ [ 2 ] d a a i b e s t b e W i q I p t e a s ~ o f e ~ i c y c I i ~ g e x e r c i s e  

~ a ~ r e W t o ~ s u b j e c t ' s b o d y w e ~  Tbesubjsctpalbmmmny 

revolutioas ar possible in j03. The nudm of !lywhI revolutions is ncord#l rt 5-a 



intervals. The peak mechanical power and the decline in this power from the peak down 

to the last 5-s period are also calculated. Normative data are available in Bouchard et al. 

161. Former studies have shown that a 30-s test does not ehaust the anaerobic capacity 

[60], and does not consider the significant aerobic contribution, making the Wigate test 

an inappropriate anaerobic capacity test. Other research has found that an anaerobic 

capacity test should last 2-3 min and be exhausting [6]. Foster et al. [24] argues that 

performance-based tests involve large reductions in power output due to high rates of 

muscular power generation and, outside a laboratory setting, individuals are unliicly to 

ever work at their absolute highest energy expenditure rate for more than about 5-s. 

Further argued are real-world situations involve some aspect of pacing intended to 

minimize the time necessary to complete a task 1241. Thus even though performance- 

based tests of anaerobic power and capacity may be usefid in determining peak rates and 

quantities of muscular work achieved during short periods of time, they may not verify 

the degree of anaerobic metabolism alone [24]. 

Accumulated Ch Deficit 

Krogh and L i  [37] first introduced the concept of oxygen deficit, detining 

it as the diffmnce bawecn the actual oxygen uptake consumed during exercise and the 

total that would have been consumed had a steady state of aembic energy expenditwe 

been reached instantaneously. Gastin [26] further explains the energy provided duriag 

the deficit phase of exercise repmmts predominantly non-aembic energy and is a result 

of the immediate phosphagen stores plus anaerobic energy fmm glycolysis. The mthods 

used to quantify oxygen deficit during exhaustive bicycling derived fnwn Karlsson and 



Win [34] in the 1970s have been re-evaluated and p d u r e s  have been fomukted to 

measure anaerobii capacity h m  accumulated 9 deficit during exhaustive wadmill 

exercise. Medbo and his colleagues' work in this area have attrected aew awamrws in 

this fbcus of exercise science. Medbo a aL [42] e x p h  that the amount of the 

accumulated 9 deficit is largest during exhaustive bouts of exercise of 2 to 5 minutes 

duration They~foundthattheaccum&ed9de6citislargainsprint-~ 

athktes versus end-trained or ulltraimd individuals is larger in maks v e ~ u s  

femaks and increases with training. Medbo et aL concluded that the accumulsted 9 

de6cii might be a precise indirect masure of the ammbic energy relessad during 

nmning and bicycling. The ~ m n t  of anecrobii power and capacity continues to 

be a compkx area and firrtber mvestigatiin is important. 

Inm~athkticconpaitioas~aeconpktedinahminutesorless, suchas 

s p t e d s k a t i ~ s p i n t c y c & a n d s o m ~ e m u i t h e ~ b e t w # n a m e d a l  

winow and last place can be slight. In the field of exercise science, k t o n  tM a&ct m 

a t h k t e ' s ~ ~ s u c h a s t ~ c ~ ~ i o n , a n d e q u i p m C n t ~ m h v e  

b a n c o n t i n d y ~ i n t h e t a a a t u r e .  Yetvcrylittkco&demtbnhrrbeen 

dktcdtowardsmathkte'spacingstmtegyhugho~mcvent. Yetinthetypesof 

~activitieamntionedabow,itlmkusenretMdetffnrmme . . the most effective 

waytoUti l ipenergyso~woUldbC~f~*.  

b~dd[~]~~thefirstdrtaOnthe~~fpac~vrirtionr~n 

pasDtmracein1958. TheyconckdedtM~V~reqtdrsmsatr,hipbabbodLct.te 



levels, and greater perceived exertion were obse~ed with a strategy that had a fast start 

versus a slower start or an even paced race. R a b i i n  suggested that a middle 

event was best performed by delaying the greatest effort until the latest possible time. 

Staab et al. [55] investigated trained runners during a 30-min self-pad treadmill run. 

The treadmill grade included segments of inclines and declines either early or late i.1 the 

run. Results in this particular study revealed that an uneven W b u t w n  of e&rt results 

in a reduced peak performance capacity, correlating with greater physiological demand. 

In sprinting events of short duration, performance depends not only on the man external 

power output and the kktional losses but also on the distribution of anaerobic eaergy 

over the race [55]. 

The purpose of the most current studies relate to how athletes should distribute 

their energy over races of short duration in order to minimize the time necessary to cover 

the distances [16,21,22,23]. Foster [21], Schabort [52], and P k  [46] have msemhed 

the technique of simulatii competition by having subjects perform time trials on a 

racing bicycle in the laboratory. They have found athktes &It their behaviors were 

similar to those encountered dwing competition [21,23]. These types of sirnulatiions h v e  

made it practical to assess the effect of distri'bution of power on athMic ~&~ITMIICC. 

De Konig et al[15] have fonrmlated a quantitative model involving the obnervcd 

power output potential of athletes and the cecognizul resistance M o m .  The model relies 

onsssumptionsabouthowthe~biccapacityisexpendedandupontheideclthrt 

velocity at the end of an event is lsrgely wasted kinetic energy. It hru ban shown tht in 

pndicting perfbrmamm in cycling at distances W n  1000 md 4000m, the model baa 



been reasonably successlbl[16]. Yet the risk of decelerating quickly as a result of both 

power output and loss of technique secondary to tktigue holds the possibility for losing 

essential time and competitive ranking. 

An "all outn version of the model mentioned above is characterized by the 

anaerobic capacity being quickly expended while a considerable decekration occurs 

towards the end of the e&nt. This type of strategy requires the athlete to exert maximal 

e&rt during the full duration of the test. This "all out" shtegy has prediied faster 500 

and lOOOm skating and lOOOm cycling times, agreeing with obsenatmns during 

competition [22]. An explosive start is significarrt m tbet mmmmt . .  . ion of the time 

necessary to cover a distance heavily relies on the reduction of the sccekration phase 

during the start [61]. For example, a study by van Ingen Schenau et al[61] found that 

due to the stmnger initial imease of the fasts sprints, less time is lost to cover the first 

500 meters of a distance. Considering thc increased rate of anaerobic energy release 

duriug a short distance event, the hta is abk to generate a higher amolmt of 

amembic energy than a competitor with a sbmr start. Secondly, here is a smaller 

a m o ~ o f k i a c t i c e m r g y a t t h c e n d o f t h e r a c e ~ i s d y  "waskdnvnsuscm 

evenlypsdstrategy. UJingcmdoutshdegyvasuseven~inghasbeensbowntobe 

beneficid m races up to 90-s [IS]. Yet Wilbge et aL 1641 qgests .ulletes optimal 

pacing stnsegy is many times indi- detamiaed for or Uiq 6Q-90-s. 

C o ~ l y , c m e v e n ~ i n g ~ i a v o l v w d i s t r i b u t i q e ~ ' b k ~ m a  

artain way such that a anstant velocity cm be mmland . . tlnwghnthena. Vm 



in events lasting longer than 80 to 100 seconds. It is known that a generally even pace 

after the acceleration phase I d s  5 the fastest time in events lasting more that roughly 

around 2 rninvtps :61]. This concept of even pacing during longer races b e i i  the most 

beneficial was first hypothesized in the early 1970s by Morehouse and Mier  [43]. 

s v  

For many decades, extensive infbnnation has been available to athktes on 

laboratory exercise tests that can aid in predicting aerobic function and pehnnance. The 

measurement of maximal oxygen consumption (VQd and lactate and ventiliiory 

threshold are standard methods that are widely used in both athletic and clinical &t@. 

Yet deciphering the optimal way of measuring the anaerobic partion of an individual's 

energy e x p e n d i i  is a topic that still remains unclear. Couatlws investigators have 

varied opinions on what is the superior test in predicting perhmmce, but there has mt 

yet been a final consensus. In athletii events that are very short in duration, gencratiag 

great amounts of m b i c  power become esse~ltial. The difknce between going to the 

finals in an event and finishing the season early can be mere milhcondq especially 

when a competitor is racing against the clock. The exercise and sports science field Ims 

spent considerable amounts of effort focusii on the extemal factors tbst come into play 

when trying to enhance perhrmme. Factors such as dietary influences, exercise testing, 

and training moditions are all important to both athletes and the3 caches. Yet 

considerations of athlete's internel behavior, and attempts to siauhte competitive events 

in the laboratory have bad considerably kss attention Athldes such as sprint cyclists 

andspeedskatersarelmowntoutibdifkntpacingstrstegies. Andmcmhingthae 



pacing techniques can ultimately guide the athlete in determining how to finish an event 

in the least amount of time. 
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