ABSTRACT

CROUTER, S. E. Physlological comparison of incremental treadmill exercise and
ree range running. MS In Adult Fitness/Cardiac Rehabllitation, August 2000,
35pp. (C. Foster) . _ o . o '

In view of previous studies demonstrating greater physiological responses during
free range cycle exercise than incremental laboratory exercise, this study

. v "

compared physiological responses during incremental treadmill exercise and free
range running. Fifteen competitive cross country runners (19 + 2 yr) from the
University of Wisconsin-La Crosse performed an incremental treadmill test and
- an unpaced 1-mile run on an Indoor 200 meter track. Physiological variables
 (VOzpeak HRpeak, VO2 « HR " peak, Ve peak) Were measured using a portable
netabolic gas analyzer. Blood lactate was measured post exercise. Outcome _
variables were analyzed with repeated measures ANOVA. Although directionally
similar to previous studies with cycle ergometry, the observed ueak values (track
- va treadmill) for VO, (63.0 £ 7.4 vs 81.9 + 7.2 ml e kg'' « min™), VE(147 £ 37 vs
144 £ 30 L« min), HR (188 £ 5 vs 189 + 7 beats « min™), and VO, « HR' (22.1
- 4.4 vs 21.6 + 4.5) were not significantly different. The observed peak values
forBLa (14.4 +3.3vs 11.7 + 3.0 mmol « L") were significantly different. The
results are not in full agreement with previous findings from cycling studies with
the exception of BLa. Whether this represents a fundamental lack of effect of
free range exercise or Is related to mode specificity remains to be determined.
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- INTRODUCTION

lncremental ergometry Is tho normat Iaboratory technique for eyaluatlng
physlologlcal responses to exerclss and for determlnlng reference values such
fas peak oxygen uptake (Vozmk), ventilatory threshold (VT) and peak heart rate
(HRmk) These physlologlcal markers are, In turn, known to be well correlated to _
"endurance performance (4,5, 6 10,11,14,16,18,19,23, 28 29). The concept of
ucing lncremental ergometry for measurlng exerclse capaclty is based on early
work suggestlng a plateau in oxygon uptake (VOg) despite lncreaslng workloads I
( 14 27) and on studies demonstratlng that contlnuous lncremsntal exerclse
protocols produce VOgmk values comparable to those observed in the classical

- discontinuous protocols (15) '

- Howsver incrsmental exerclse IS not how humans particularly athletes,

' perform sxerclss Most typlcally athletes are trylng to minimize the tlms to
achleve a fixed amount of work (e, g get to the finish iine as quickly as posslble) .
'Recent studies in which this pattern of exercise was ad0pted (e g., free rangs
exercise) have demonstrated a greater magnltuds of physlologlcal responses
than observed durrng incremental exerclse These studies call into questlon, at a I
- fundarnentai level the reasoning behind the concept of maxlmal oxygen uptake

_ (Vozmu) and similar conoepts based on incremental ergomstry

' (7 8,12,22,24,25,26), Studies of free range exerclse have unti now besn llmited '

to cycle ergometry srmply because srgomstrio technology has facilitated




' oompetltlve slmulatlon wlth speolallzad cycle ergometers. Treadmills have

'. ~ generally been o0 alow to respond to intended varlatlons In veloolty to allow for

: meanlngful oompetitlve slmulatlons However. wlth the advent of Ilghtvvelght
'portablo reaplratory gas analysis aystems it Is novv faaslble to perform

f oompetltlve slmulatlons In the field rather than ln the Iaboratory Thus, the
'purpose of this study was to compare physlologioal responses (Vozpeak, HR ek, .'
| peak oxygen pulse [Vngeak ° HR ’pm], peak blood lactate [Blamk], and peak
' _ventllatlon [VEpeak]) between Incremental exerclse (a horlzontal treadmill VOamax .

' test) and free range exerclse (a one-mile run) ' '
METHODS | '

' Subjeots Fltteen healthy competltlve runners (10 male 5 female) from

the Unlverslty of Wisconsin-La Crosse (UWL) volunteered to partlolpate The

- subjeots were cross country runners and had conslstently trained on a regular

basis (five days per week). Desorrptlve _data of the subjects are presented in
. Table 1. All subjects were informed of the‘ testing procedures and requirements

and provrded lnforrned consent prlor to testmg (Appendrx A) The protocol was

o approved by the Unlversity IRB before any data collectlon

Protocol Each subjeot's helght and welght were measured prior to thelr
flrst test. Respiratory metabollsm was measured using open olroult aplrometry :
' | wlth a Ilghtwelght portable metabollo system (l-(4b2 Cosmed) Heart rate (HR)

- was monltored using radiotelemetry (Polar Vantage XL Polar lnstruments Port




Table 1. Characteristics of Subjects (+ SD) N _ -
' Male S Female _
ARG teaxts rees1s
doghtam)  te1xs 1744
Weight (kg) 684464 . 674124
VOzpeak (L e min'y* | 461+050 3.10 £ 0.26
VOzurk (Mlemine ko) 86.9£45 540437
HRwa' 18858 o146
%VO,atVT* 763194 76.2+8.9
% VO, at RCT* 914451 - 924 +7.1

Peak Treadmlll Veloclty 5.88 + 0.34 | 5.25 + 0.44
(M esec™) . o

Mie PR (sec) 27140£10.30 3404+ 17.76

*Treadmill max test

~ Washington, NY). Oxygen consumption (VO,), ventilation, HR, and RER were
- recorded continuously and expressed as minute values based on a rolling one-
~ minute integration of the data.
o Treadmill test. The incrementel test was performed onh a motor driven
'treadmill To ensure proper calibratlon of the K4b?, a pneumotach flow '

_ ‘calibration was performed using a three-liter calibration synnge The K4b? was




_ attached to the subject with the harness providsd by Cosmed, This allowed for

easy access and allowed for free movement by tho subject

Prior to testing the subjects warmed up by walklng for flve minutes at1.6

mes' and 5% grade The subjects performed a treadmlll protocol at a constant

1% grads which started at 3 3 m e s'and 2.8 mes’ for the males and females
respsotively Every two mlnutes the spsed was lncreased by 0.6 me s ' and 0 4
M s for the males and females respectively untli voiltional fatigus The V02,
RER and VCO, were moasured every minute After the test a blood sample was
taken from a flngertlp at one, three, ﬂve and seven minutes of recovery (walking) -
“and analyzed for lactate oonoentratlon using an enzyme eleotrode system (YSI
Sport Yellow Sprlngs OH) '

' One mlle run procsdurer One one- mile run was psrformed on & 200m
indoor track. The mile was run solo and was conducted with the metabolic
system and HR monitor in place as desorlbed for the treadmill protocol. The
subjects were instructed to run as hard as they could with the intent of
completlng the mile in minimal time. To facllrtate pacing, splits were called to the .
subjscts and recorded after each 200rn segment At the conclusion of the

- exerolse bout blood samples were taksn at one, three flve and seven mlnutes

of recovery for blood lactate analysls

Blood iactate analysls Twenty-five mlcrollters of capillary blood were

taken from the t" ngertip at one, three ﬂve and seven minutes of recovery The

blood was placed in a buffer medium which Iysed the red biood cefis. The




concentratlon of lactate In the blood-buffer solution was analyzed uslng an

enzyme elactrode system (YSH Spcrt) The peak BLa was determrned frorn a

smoothed curve of blcod lactate concantratlon Versus tlms

Statistlcal treatment Group means and standard dBVlﬂtiOl’lS were

calculated for all physlcal charactorlstlcs (aga helght and body welght) Data on

physiologlcal outcome varlablas (Vngeak HRpaak: Voz . HR ‘mk, BLa,mk. and VE

' mk) are reported as means and standard devlatlon (.tSD) Means were

' exerclse than durlng lnoramental exe_rclse.
RESULTS_ '
Dunng the mils run, runnlng veloclty decreased through the thlrd 400m

and then inoraassd to near the startlng veloclty over the last 400m. Mean (+SD)

velocltles at dlstances of 200 400 600 800 1000 1200 1400 and 1600rn were

550:!:065 5261064 513:!:059 501:I:056 5031054 4.96 + 0.50, 500

+ 0, 58 and 5 21+ 0, 58 Mes respectlvely (Fig 1). This pacino pattern was

conslstent for most of the runners. With the axceptlon of four subjects, everyone

had their peak veloctty dunng the first 200m. The other subjects had their peak

velocity in tha last 200m (two subjects) or durlng the fourth 200m or second
200m interval.




o o o o

Velocity (m-s™)
S
o

&

93.

200 400 600 800 1000 1200 1400 1800 1800

Distance (meters)

Figure 1. Serial respcnses of velocity for the one-mile run ineasured every 200m

The thick line with circles represents the mean thin Iines represent lndivldual
- responses, - _

During the mile run, VOz increased over the first 400m and then |
essentlally ieveled off wlth slight varlattcn fcr the next 1200mr Figure 2 ehcws
the mean (:I;SD} VO, for distances 200, 400, 60N 800 1000, 1200, 1400 and
1600mwere423e85 57.2 + 6.4, 50.9 + 6.7, 61.5:{:70 61 9¢68 61 93:71

' 62 1+ 7 7, 60 6+8. 2 mI : kg . min , respectlvely Flgure 3 shcws the serlal
respcnse cf vcz durlng the lncremental laberatcry test Durlng the mlle run there |
‘was a ccnslstent VO»- pattern for the sn,,u]ects that did not seem tc be related to

" varlatlcns In velccity (Fig 4) Serlal rGSpcnses of the one- mlle run versus the

1 Incremental Iabcratcry test fcr VOz are chcw ln Figure 6.




200 400 600 800 1000 1200 1400 1600
_ _ o Distance (meters) _
Figure 2-Serlal response of VO for the one-mile run, measured every 200m.
Circles with thick line represents mean, thin lines represent individual responses,

VO,{mi-min™ . kg™
A o O N oo
© © ©o o o

m.
o

o % A

~ Stage (every one minute working backwards from final stage)

Figure 3-Serfal response of VO, during the incremental max test, Measured
- every one-minute, starting with the final measurement and working backwards.
- The clrcles and thick line represents the mean, thin lines represent individual

responses,
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Figure 4 Average relationship of VOz and veloclty measured every 200m during '
- the one-mile run. - o _ .
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' Flgure 5-Average serial responses for VO, during the one-mile run and
“incremental test. Final represents the last 200m for the one-mile run and the Iast
‘stage for the incremental test. The stages are every 200m for the one mlle un

and every one min for the Incremental test, .




The Observed peak values (traek vs treadmill) for VO, (63.0+7.4vs61.9
. “Zml'kg . min‘)(Fig 6-7), Ve (147 snaeaovs 14385:1:3049L min™!) o |
-;(Fig 8- 9) HR (188 + 5 vs 189 + 7 beats « min 1) (Fig. 10- 11) and Voz JHR! ]
(22 05 1 4.41 vs 21,51 ¢ 4 54) (F 9. 12 -13) were not signiﬂcantly dlfferent The

.'observed peak values for Bl.a (14 4 ¥ 3 3 vs 11 7 +3.0 MmMo| « 1) were

_significant at the P < .06 Ievei (F!g 14-15) The peak BlLa occurred for most
individuals withln the first mlnute (Fig 16 17).

< | y=08616x+9.6225
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Figure 6- Retatlonshlp of VOzpeax betwean lncremental test and one-mile
- run.
~Solid line represents line of ldentlty and daahed line Is regresslon Ilne o
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Figure 7- Mean VOgmk of incremental tust and one-mile run with standard error
bars - ' ' ' ' '
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Flgure 8- Relatlonshlp of Vepeax botwaen Incremental test and one-rnile run. Solid
llne represents line of Identlty and dashed line I8 the regresslon Iine ' -




Treadmit Track '

Elgure 9-Mean VEp,ak of incremental test end one- mile run wlth standard error
ars - . _

y 0 5118x + 91 272
R2 04733

Track HR (bpm)
> 2 0 B S
S oS as

-
-~
- CR
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Figure 10- Reletlenahlp of HRpaek between Incremental test and one-mlle run,
Solld Ilne representa Ilne of Identlty and dashed line is the regreealen Ilne. -




Track
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rlgure 12- Relatlonahlp of VO, HR"1 oeak botween lncremental test and one-mlle

'riun Solid line represents the llne of ldentlty and dashed line s the regresalon
ne. - .
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Figure 13-Mean VO, ¢ HR 'pes of Incremental tost and one-mile run, with
standard error bars, - - _ o

o Y=08182x+ 48385

4 86 8 10 12 14 18 18 20
* Significant difference Treadmill Bla (mmol . L")

R®=0.5688

Flgure 14-Relationship of BLapey between incremental test and one-mile run.
- Solid ine represents the line of identity and dashed line the regression line.




BLa (mmol.LY)

S )

Treadmll Traok
*Slgnlflcant Difference -

Figure 15- Mesn BLajea of Incremental test and one-mile run with standard error
bars. - o T SR

25

Bla (mr_nol*!- Y

' Min1 Min 3 Ming Min 7

Flgure 16 Serial response for BLa at 1 3 b, and 7 mfn sfust nns mile run,
Circles and thick llne represent mean, th!n Ilnes represei frun vidual responses




‘BLa (mmol . L)
3 3

O N A O @

Min1  Min3  MIn6 M7

Serlel respense for BLa at 1, 3 5, and 7 min post lncremental test,
d thick line represent mean, thln Iines are indlvldual responses.

B DISCUSSION
The present data are similar to prevloue etudles in that physiologlcal

responsee were numerlcally larger during free range exerclse (7 B) However

.uniike in the previous studles, the differences were not statistleally slgniﬂcant

- Whether thls is reiated to drfferencea between cyc!lng and running or to other

factore remelne to be determlned n agreement with prevleus studiee, poet

'free range exerclee (Fig. 5)
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ranglng from two to six minutes, with only slightly lowar muscls lactate

!

concentratlons dunng exhaustive work of 15 minutes duratlon. Prevlous free
- range exerclse_ra rults have been Interpretsd with refarence to Karlsson and
__Saltln s data, suggesting that very brief reductlons in power output durrng free
range axerclse could be used to manage the rate of muscle lactate accumulatlon '
wrthout being so large as to limit exercise by incrsasing Iocal muscular fatigue, }
| 'Alternatlvely, during lncramental exerclse when muscle lactate concentratlon .
reaches crltlcal levels. axercise must stop even If maxlmal cardloresplratory
stress has not been achieved. On the basis of the reduced duty cycla durlng .
running, compared to oycllng. and the generally smaller degree of muscular
' Ioadlng during running, lt may be that there s less of a tsndency to reach crltlcal
muscle lactate concantratlons durlng lncremental exerclse. Althcugh post
_axarclse blood lactate values should be used with caution as markers of muscls
lactate concentratlcn (9), the generally Iower post exercise blood lactale
ccncsntratlons In the present study. compared to earlier obsarvattons wlth
cycllng and rowing athletes supports ths ccncept that crltlcal lactate

concsntratlcna durlng cycllng may be greater, Thls would provlds : ratlonala for

undarstandlng the apparent adyantage of frae range exerclse durlng cycling and

~ rowing but not during running.




Recentiy there has baan renewed interest In the concept of VOzmax with
Noakes (20,21) suggesting that the traditlonal concept of a vozm plateau [ not
'- supported by adequate exparrmental data Others (1,2 3) have argued for the

traditlonal concept The present data set along with pravlous data '
(7,8, 12 22,24,25, 26), suggest that tha highost VO, observad during lncremental
-Iaboratory exercise is not always the greatest VOz that an tndlvldual is capable of
_ demonstrating ln that sanse the present data support the argumant put forth by
.-Noakes. . . ' -
n lha prasent study. 8 of the 16 subjeots demonstrated a plataau of VO,
during lncremantal exeroise. Of the sub]ects that reached a plateau durlng lha

lncremental laboratory tast Six raachecl higher values durlng free range exarolse
' Msan (iSD) VO, (track Vs tresdmill) for these subjaots was 683.6 :l: 7. 7 vs 81, 1 i

7.8 ml e kg e min"'. In the seven subjects that did not raaoh a plateau during

_ tha incremantal laboratory test only two achieved a htghar value during free
range exerclse (62 3+ 7 5 V8 62 817 0 M kg" ¢ Min’ ') These data suggest
__ that the aohlavement of a plateau during inoramental exercise may be an artifact -

of the lncremental protocol and supports prevlous suggestions that the nature oi

free range oxerctse may.allow an lndivld ual to escape the axarclse lim‘itation

related to local muscular fatigue, with potentially greater cardlorespiratory

responsos.
This prasent atudy has only examined a small posslbtllty of what I8

~ oceurring durlng free range exerclse. | Future research needs to focus on |




drfferences among athletic events (e d., running vs cyolrng!rowing) to determine
'drfforences that may be occurring It would also be benefroral to evaluate

' responses during competrtion comparod to free range exeroise Durrng

' _Icompetitlon athletes have to constantly ohange their workload in order to adjust

for the raoe and environmentai factors A better understanding of how these

factors affeot tho athlete physioiogically may help Improve training toohniques
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“Informed Consent
PHYSIOLOGlCAL COMPARISON OF INCREMENTAL TREADMILL
EXERCISE AND FREE RANGE RUNNING

oo, volunteer to participate in a research study
designed to compare physlologioal reaponsee during maxlmal lncremental
‘treadmill exercise and a one mlle run. | have been lnformed that | will be
required to complete a maximal treadmlll test wlth respiratory gas analysis, blood
lactate analysle and two one- mlle runs, pelformed as fast as posslble. The
' treadmlll teat will be performed at the Unlverslty of Wisconsln-l.a Crosse Human
. Performance Lab and the one-mlle runs will be performed on the 200 meter
indoor traok located In Mitchell Hall on the campus at University of Wisconsin-La

Crosse, For the treadmill test and the second one-mile run | will be required to

“wear and breathe through a portable gas analyzer so that my expired air can be

collected and analyzed. | will also be required to wear a heart rate monitor that
will be strapped to my chest. Blood lactate analysls will be performed which
requires 25 microliters of blood to be taken from a finger tip puncture at 1, 3, 5,
and 7 minutes of recovery.

As with any exercise, there exists the possibility of adverse changes
occurring during the testing period. These include dizziness, difficulty in

breathing, abnormal blood pressure, and in rare Instances, cardiac arrest, stroke,




o or even daath In patients being evaluated for heart dlsease the rtsk of non-
serlous ccmpltcattcns s approximately 6/10, 000 tests and for serious (e. g life
threatenlng) cornplications I approxlmately 1/10 000 tests In ycung, -

- prcspecttvely healthy and/or athlettc individuals the risk of sarious compl!cattons
apprcaches but does hot reach zero, | declare that | am nct aware of any pre-

o exlsting condttlcns (t e., heart disaase Iunglresplratory condttlons. prone to '

~fainting or selzures and bleod bcrne contagious dtseases) which may put me at

risk, or prevent my parttclpatlen in thls study | understand that personnel

lnvolved in the testlng procedures are CPR certified and that there Is a well

establlshed emergency protccol In place in both the Human Performance Lab

| have baen tnformed that the overall results of this study may be
presented at sctenttﬂc mesttngs and publlshed however | understand that atl
individual information will be kept confidential, The xpected benefit to m'y'self I8
a better understanding of my athletic capabilities which may help me better
understand my sport performance. | understand that | am free to withdraw at any
time without penalty.

The tests wili be conducted by Scott Crouter, a graduate student in the
Adult Fithess/Cardiac Rehab program at UWL, who may be reached at 785-
3185, The thesis chairperson will be Carl Foster, PhD (785-8687). Questions




~ regarding the proteotlon of human s’ubjeots may be addressed to Dr Garth

' Tymeson, Chalr UWL-IRB proteotton of human sub]eots (608) 786-8165.

| have read and understand the procedures as described above and
explalned tome, | have been fully advised of the nature of the tests and posslble
risks Involved of whlch ! assurne voluntarily | hereby acknowledge that no
representatlons warranties guarantees reassuranoes of any ktnd psrtalnlng to

the procedure have been made to me by the UWL the ofﬂcers. and

_admlnlstratlon the employees or by anyone acting on behalf of any of them B

understand that | am free to ask any question pertalnlng to the study an | am fres

to wtthdrawal at anyttme.

- Signed:
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REVIEW OF RELATED LITERATURE

_ _ Concept of V02mu
Hlll and Lupton (18) were the first to develop the notion of moxlmal m:ygon
uptake (vozm.x) by finding a Ilnear relatlonshlp between oxygen Intake and
- _workload untll vozm., is reached. Hill and Lupton belleved that a plateau in
oxygen consurnptlon occurred at maxlrnal effort concluding that rnaxlmal
exertion is limited by the cardlovaacular-resplratory system. The plateau theory
daveloped by Hlll and Lupton has been the standard that most exercise
phyalologlsts would use a_s a basls for tectlng
Taylor Buahirk and Henshal (33) felt that motlvatlon and skill in
' performing the given task were factors in a maximal exartion test. Taylor et al.,
like HIII and Lupton, concluded that there is a llnear relatlonship between oxygen
intake and wcrkload until the VOimay I8 reached thus supporting the platraau
~ theory as a criterion for reaching one's maximal OXygen intake. They found that
' involving larger muscle groups (e g arms and legs) produced a larger VQan,ax
and concluded that VO2nmax Is only maximal for the given working conditions.
Mitchell, Sproule, and Chapman (24) set out to clarify the physiological
meaning of a VO, test by examining cardiac capacity, ventilatory factors, and
the relationship between cardiac output and the a-v oxygen difference. Mitchell
et al. agreed with Taylor et al. (33) that VO:2mex i8 related to the task at hand.




‘Mitchell et al. 'concluded th'at both cardiac output and s-v oxygen difference play

a role in V02max They reallzed that thelr flndlngs needed to be studied further. N |

- but fett that increasing cardlao output is more Important than the a-v oxygen

- difference In normal lndlvlduals

Noakes (27) has challenged the plateau theory set forth by Hill and Lupton )

(18) and tested by others (4, .21 24,33) and sst off a debate as to what actually
 limits VOQW Noakes believes that atil and Lupton contradlcted themselves in
their original conclusions. Noakes proposed an alternate theory that “skeletal
) muscls contractlle functlon ls regulated by a hlerorchy of controls speolfloally to
' prevent damage to any of a nhumber of dlfferent organs" (27 p. 687) This
opened the door to a controversial subject Bassett and Howley (4) responded to
Noakes' challenge and sided with Hill and Lupton by supponlng the work that has
set the standard for exerclse testing. Noakes (28) responded and stood strong
on his views but aoknowledged that further research is needed to fully
understand the llmttlng factors of VO2max. The concept of skeletal muscle
contractlon as setting the end point of a Vogm., test and not the cardio-
respiratory response raises many issues which will only help exercise
Fhysiologists better understand the human body during prolonged endurance
exercise.

Relation of VOzme to Running Performance
Traditionally, VOzmex and endurance running performance have been

positively correlated with one ancther because of the high demand piaced on the




asrobic Bystem during proionged endurance activity. Most atudles have t’ound a

~ high pocitive cor elatlon between Vozm and endurance running performonca

(14,18,25),
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velocity at vozm,, (v -VO2max) (6, 8, 16 26,28). This Is an impcrtant concept whsn
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relating VOzmgx to running performance becauss it helpo evaluate tha maximal
time one can sustaln a maximal spead before fatiguing which is impcrtant in

predicring one's performance Studies have shown that the optimal time at v-
VOzmm ranges anywhere from 2.6 to 10 minutes (5 6,15,20,22, 2d) Billat et al

{5) found a range of 2.5 to 11.6 mlnutes. The mean between the two trials
performed were 6 minutes 44 seconds and 6 mfnutes 42 seconds respectiveiy.

' and were not found to be significantiy different Morton and Billat (26) found
similar results with a hcrizontal treadmill protocol They found that the maximal
time at voz.m was 603 seconds which was slightly over 10 minutes, It Is slightly
higher than some studies, but supports what has previously been found Katch,
Petchar, McArdle, and Weltman (19) found that runs shorter than 4 minutes were
not acceptable for predicting running performance and the test should be at least
5 minutes to pradict cardiovascular fitness.

Daniels, Krahenbuhl, Foster, Gilbert, and Daniels (11) measured
submaximal and maximal responses of female distance runners and compared

the results to males. They found that males and females have similar aerobic




demands at submaximal spseds Lastly they found that the main difference
.betwsen the runnlng performance of males and females s thelr dlffsrsnce in

- VOgm.x Morgsn et al, (25) found a high correlatlon between v-Vogm.x and 10l<rn
run tlme (as tlme at v-vozm Incresses 10km tlme gets faster) They concluded
that v-vog,n,, could be used as a predictor of running performance o

Predlction of Vozm“ from Overground Performsnce

In order to asses physlcal fitness, rcsearchers have needed to develop a

'.tost that could be used on large groups of peopte and is less fatlgulng. but would
~still glve an accurate measure of one's fitness Ievel Some of the first studies

were conducted on mllitary personnel and then exparded to the general

- populatlcn in order to better assess the ﬂtness leval of our country

(1,2,3,9,10 34) Ballte and Ware (3) were one of ths first to examlne the fitness
level of a large populatlon They examlned the cardlovascular and ventllatory
responses in military personnel by using a tresdmlll test to assess their fitness
level. Balke (2) felt that physical fitness needed to be defined and then
speculated ona specific time and distance that would be spproprlate for a ﬂtness
test of the general populatlcn. He felt that a 20 minute steady state run or two
and one half miles would be a sufficient time to test the fitness level of
individuals.

Balke (1) developed the 16 minute best effort run as a field test that could
be substituted for standard lab testing. He found that runs longer than 20

minutes gave a performance that was inferior to that on a treadimill and runs




_ around 6 minutes were performed for the most part In oxygen debt. Balke
concluded that for a fleld test to be physlologically meaningful it should be at
least 12 mlnutes. Results from his data gave htgher oxygen Intakes on the track
versus the treadmiil 44 .4 ml ¢ kg ¢ min and 43,6 mi o kg™ min respeotively
Cooper (9) set a standard with his 12 minute fitness test that s still wldely
' usod today because of its ease of admlnistration. . Cooper. like Balke and others
(1 2 3), indlcated that motivatlon plays a large roie in these fleld tests Without
motivation the outcor nes would fall short of what they aotually should be.

.Since the work of Balke (1,2), Balke and Ware (3), and Cooper (9), others have

- trled to develop new tests (10 34) In one study vozmk was predloted from a

' 'one-mile run/walk performance (10). The equation developed to predtct VOz,mk

‘was acourate for the general population butin highly fit individuals it

“underestimates the VOzpea and in unfit individuals it overestimates the VOapea.

Free Range Exercise

' Most investigators have focused on predicting performanoe from
laboratory data while others have used field tests to predict VOzmax. Few have
looked at what happens during free range exercise or competition
(7,8,12,13,17,21,29,30,31,32,356). The majority of free range testing has been
done on cyclists due to the ease of administering the testing protocol
(12,13,28,29). This does not represent true free range though, because the
testing is done in the laboratory and uses simulators to help enhance the

sensation of being in the field. Free range exercise performed on the treadmill is




" not true free range becauaethe treadmill is too slow’ to adeSt to the normal

reaponsea that a runner would maka durlng normal competltlon (31) Durlng free -

range cycling It has been found that when a sub]ect Is allowed to regulate thetr .
Intensity they demonstrate htgher physiological responses then durtng an
incre_mentat test (12,13,29,30). '

- This notion of free range can also be applied to the cllntcal setting. Foster

et al. (12) remarked that free range activity may be a better diagnostic tool for '

~ cardiovascular and respiratory disease than a standard graded exercise test

' Others (7,8,17,36) reséarChing free' range exerclse 'in the clinlc-al setting have
found that submaxtmal exettlon such as a 6- mtnute walk test or a 9- minute self—
-powered treadmlll test are beneficial in predlcttng disease and can be a useful
tool with ca’rdlo'respir'story compromised pa‘tlents that may‘,be centralndtcattveto

an incremental test.
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