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The pu rpose of th'i s study wa s to compa re submax jmal and

maximal physiologic responses 'in trained males to two maximal tread-

mill pnotocols. The two protocoìs used were the progressive steady-

state pnotocol (3 minute stages) and continuous protocoì (1 minute

stages). Each work load of the progressive steady-state protoco'l

was set as eveny third work load of the continuous protocoì. Eleven

volunteer tra'ined male subjects (i age = 27 years) particìpated in

the study.

The Beckman Metabolic Cart was used to measure the follow-

i ng variabl es every 30 seconds throughout the test protocoì s:

ùoZ (STPD), üCgz (STPD), irE (BTPS) and R. An electro-

cardiographic strip was recorded every minute and at maximum to

determi ne heart rate. Anaerob'ic threshol d was determ'ined usi ng

respi ratory vari abl es.

The results showed that there rvas a signifìcant difference

(p<0.01) in the length of the tests, with the progress'ive steady-

state protoco'l bei ng approx'imateìy one and a hal f mi nutes I ongen.

No signì ficant dì ffenences wene found for the maximal val ues of

ùOe, ùCOZ, VE and R. Si gni fi cant dj fferences were found

for the foì I owi ng submaximal val ues : VE, üCOZ and R. The

anaerobic threshold was detected at the same point on the two proto-

cols using the various respi natory vaniables.

It was concluded that the maximal physiologic response to
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the two protoco'l S was not d j fferent, but at vari ous submax'imal

Ieveìs, d'ifferences wene found. The two criteria found to be best

to detect anaenob'ic threshold were ietiOZ and FEOZ. It ìs

recommended that a standard'ized method for detecti ng the anaenob'ic

threshol d on the tr^eadm'il I be establ i shed.
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Max'imum oxygen uptake (VOZ max) i s used to rneasure

the ab'il ity of the card'iovascul ar system to del ì ver 02 to sat'isfy

aerob'ic nequi rements (Bruce, Kusum'i & Hosmer, 1975; Mitchel ì &

Bìomqvist, I97L; Taylor, Wang, Rowell & Blomqvìst, 1963; Balke &

t^lare, 1959). "The maximal oxygen consumptìon 'is the most important

cond'it'ion'ing factor and most rel iable criterion for the maximal

(aerob'ic) physì cal performance" (Me1 ì erowi cz & Smod'laka, 1981' p.

320). It has been found to be dependent on cardiac output and A-

UOZ difference (Mitchelì, Sprou'le & Chapman, 1958). In the

absence of puìmonary pathoì ogy "the maximum oxygen uptake per

kiìognam of body we'ight wiì1 be rough'ly proport'ional to the cardiac

output at the level of work requ'ired to elicit the maximum oxygen

uptake" (Taylor et aì ., 1963, p. 718). úOe and work load have

a linear relat'ionship until a higher wonk load fa'ils to 'incnease

ùOZ fnom the previous wonk load. This point ìs regarded as

ùOe max (Fnoeì'i cher, Brammeì I , Davi s, Noguena, Stewart &

Lancaster,IgT4; Mìtche'lì & Blomqv'ist, 1971; Taylor et â1 ., i963;

Taylor, Buskirk & Henschel, 1955). In addition "the cardiac output

must be close to maximal and the 4-V0Z difference must also be

veny close to the maximum attaìnable under conditions of physical

activ'ity" (Tayl or et al . , 1963' p. 710).

I,Jith the increasing number of maximal tests being done,

Chapten 1
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many protocols have been established to make a more convenient test

for the subjects as well as for the ìaboratory staff. l,loìthius,

Froel icher, Fischer, Noguera, Davis, Stewart & Triebwasser (1977)

stated that the needs of the subject, laboratory techn'ician and the

cljnician must all be met when deveìopìng a protoco'l. The test must

finst of all be safe and easìly adaptable for the subiect (l,rlolthius

et ô1., 1977; Bruce et al., 1975). l^lolth'ius et al. (1977) stated

that "moderate and even changes jn treadmilì grade are less likeìy

to comprornjse the subject performance than are large changes in work

I oad on uneven work load 'intervaì s, or both" (p. 697). For the

1 aboratony techni ci an , a protocol that requ'i res mi nimal adj ustment

to reduce possible ernors is needed (Woìthius et dl., I977). The

cl'in'ic'ian wants a test which lessens motìon artifacts that may

affect the electrocardìogram and blood pressure mon'itoring (Woìth'ius

et al., 1977; Froelicher, Thompson, Noguera, Davìs, Stewart &

Tri ebwasser, 1975). Another requì rement most investigators are

concerned with 'is time. A max'imal test that requi res m'in'imal t'ime

is advantageous for a laboratory that tests many people dajly (Bruce

et a1.,1975).

The phys'ician and exercìse physiologist look at different

aspects of the maximal test. The exercise physiolog'ist looks at the

cardiorespiratory responses and physìological equi.libnium in

healthy, normal ind'ividuals and tries to obta'in max'imal

physìological responses (Barry, Webster & Daly, 1969; Taylor et al.,

1955). The physician'is more concerned w'ith obtaÍning sìgns and



symptoms of coronany heart disease.

An important consideration 'is the instrumentation for

testing. If infonmation on the 02 transpont system 'is wanted, the

test chosen must use large muscle groups (Aström & Jonsson, 1976;

Bruce et a1.,1975). The two most wìde1y used tests ernpìoy the

b'icycìe ergometer and the treadmill (Bruce et ô1.,1975; Stamford,

1975). In cornpari ng these two tests, the maximal tneadm'il ì test has

been found to have centajn advantages over the bìcycle ergometer.

F'i rst of aì ì , the treadmil I regul ates energy expendi ture, thenefore

giv.ing .it good reproducibìf ity (Shephard, I977; Fortuin & llle'iss,

1977; McKay & Bannìster, L976; Bruce et al., 1975; Bnuce, Bìackman,

Jones & Strait, 1963). "Most evidence supports the view that effont

on the bì cycl e i s I ìm'ited by weakness of the most act'ive muscl es

rather than by general exhaustjon" plus "there ìs a pooling of blood

'in parts of the body that are immobiIìzed" (Shephard, L977, pp. 113

& 114). This poolìng w'i1l produce local fatigue ìn the legs, which

will cause the test to end before the 02 transport'ing SyStemS have

been ful ly taxed (Astrand & Rodahl , L977) . "The treadmi I I i s

recommended for able-bodied subjects who are capable of waìkìng or"

runni ng on the treadm'il I , espec'ial ìy for testi ng the actual maximal

üOZ and for conditioning normal subjects and recond'itioning

pati ents" (Meì ì erow'i cz & Smodl aka, 1981, p. 390). It has been

found that the subject reaches the highest values of UOZ max on

the treadm'i1l as opposed to the bicycìe ergometer (Mellerowicz &

Smod'laka, 198i; Miyamura, Kitamura, Yamada & Matsui, 1978; Bruce et
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â1., L9751' Hermansen & Saltin, 1969; Shephard, Al len, Benade,

Davies, DePrampero, Hedman, Merriman, Myhre & Simmons, 1968).

The more popu'l a r treadm'i l l protocoì s have ei ther one mi nute

(continuous) or three minute (progressive steady-state) stages. The

continuous protocol ut'il izes smal I incrernents in work load until

maxjmum. The progressive steady-state pnotocol, wìth a greater

increment in work load from stage to stage, aììows more time for

physi ol ogi c adaptat'i ons. The conti nuous protocoì s have the advan-

tage of bringÍng a subject gradua'lìy to exhaustion but have the dis-

advantage in the longer durat'ion of the test befone reaching maxìmum

(Faìls & Humphrey,1973). Bruce et al. (1975) stated that a test

for üOZ max shoul d al I ow time for phys'i o1 ogi c adaptatì ons and

noted (1963) tnat "thnee minute periods of submax'imal exert'ion pro-

v jde the optima'l comprom'ise between requi rements for physìologicaì

adaptat'ions and minimal t'ime for expedit'ious testing" (p. 753).

Thene is some question regarding whether a one mìnute stage is long

enough for this adaptat'ion to take pì ace. Bal ke & l^lare (1959), who

use a one minute stage protocoì, stated that "the'increase of work

intens'ity ìs so gradual that functional adaptations take p'lace with-

in a few seconds. Thus, there is hardly any dìfference between the

functional values measuned during'steady-state' wonk at cornparable

gradients" (p. 676). The proposed research cornpared a treadmj I I

protoco'l with one minute incrernental stages (continuous) to a proto-

col wi th three rn'inute stages (progressi ve steady-state) to see i f at

equal work Ioads, the same metabol'ic measunernents wjII be obtained.



The main punpose of this study was to examjne and compare

conti nuous vensus progress'ive steady-state maximal treadm'il I test

protoco'l s. More speci fì cal ìy, thnee particul ar objectives t^lere

sought: 1) to detenmjne'if part'icular submaximal work loads on the

modified Balke-Ì^lare (one m'inute stages) wene equaì to the same work

I oad as measured by ùOZ on a progressi ve steady-state protocoì ;

(tfrnee minute stages); 2) to determine'if the two maximal treadm'ill

protoco'l s resul ted i n the same üOZ max val ues; 3) to detenrn'i ne

when the anaerobic threshold occurred ìn the two types of protocoì.

Del l'mi tat'i ons

Statement of the Problem

1. 0nìy tweìve subjects were used because of t'he time and

cost of the ìaboratory staff and equ'ipment at the Kinsmen Reh-F'it

center.

2. The twelve subjects wene volunteers. The subjects had

to be ava'il abl e fon three max'imal treadm'il I tests wi th'in two weeks.

3. The subjects were trajned males.

Defi ni ti ons

Anaenobic Threshold. As used in this study, refers to "the

level of work or 02 consumption just below that at which metabol'ic

aci dos'is and the associ ated changes ì n gaS exchange occul'"

(Wasserman, Whipp, Koyal & Beaver, L973, p. 236).



study, ìs a maximal stress test protocoì with one minute wonk

and gradual increments (eg.: 2% increase in eìevation).

Continuous Max'imal Treadmill Protocol. As used in

Mod'ified Balke-l,Jare. As used in th'is study, th'is protocol

has 'incnements of 21, in elevation as opposed to the Balke-Ware pno-

tocol which has 1%'increments.

Progressi ve Steady-State Maximal Treadmi I I Protocol . As

used in this study, ìs a max'imal stress

minute wonk loads and ìargelincnements

tion).

6

th'i s

I oads

test protoco'l wi th three

(eg: 6% increase in eleva-



Thi s chapter conta'ins a rev'iew of l'iterature of the

foìlowìng: 1) control of varìables, 2) attaìnment of maxìma1 oxygen

uptake,3) anaerobic threshold,4) steady-state, and 5) continuous

versus progressìve steady-state protocoìs.

Contnol of Variables

Chapter 2

REVITI.J OF LITERATURE

Due to many possibìe external factors that may affect test

resul ts, standardì zat'ion must be establ j shed. It has been shown

that "submaxìmal work pu'lse rates can be markedly affected by: a)

temperature; b) meals, c) previous exercìse and the tìme of day; and

d ) emot j on. The max'imum oxygen uptake appears to be rel at'ive'ly f ree

of these factors" (Taylor et al., 1963, p. 712). It has been docu-

mented that'if a ìight meal is ingested, things such as "butter,

crearn, coffee, tea on alcohol should be avoìded (Elìestad, Blomqvist

& Naughton, I979, p. 423). Tay'lor et al . (i955) rrave shown that a

srnal I meal of about 7 50 cal oni es had I 'ittl e or no ef f ect on the

resul ts for VOZ max. For best resul ts , the ternperature of the

environment should also be controlled (Eììestad et al., I979; Taylor

et al., 1955). "No dìfference was found jn max'imal oxygen uptake

between 62o and 78", while the decrease at 110o was of the order of

magnitude of 6%" (Taylor et a].,1963, p.713). Qther controls used

j n th'is study i ncl uded absta'in'ing from smoki ng one hour befone the
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test and avoiding strenuous actjvity the day of the test (shephard,

re77).

Various investigators used different criteria to detennine

when a tnue voz max is reached. Heant rate has been used as a

guideline. Balke & wane (19s9) state that a pulse rate of lg0 beats

per minute or more signifies a max'imal test but jn a small number of

cases th'is att,a'inment is impossible. 0thers said that "in the

absence of clinical end points or lim'iting leg fatìgue, the target

heart rate achieved should be at least B5% of the est'imate for the

subj ect' s age based on the maximal heart rate data ava'i I abl e"

(E1 ìestad et aì ., r979, p. 425). Respi ratory gas exchange rat'io

values above one have also been used as a criterion (Taylor et al.,
1955) but the most common'ly used criterion for detennining uoz

max has been the 1 evel I i ng off on decrease i n uoz wi th an

incnease in wonk load. I,'l'ith progressiveìy ìncreasing work loads,

there 'is a linear nelationship between üoz and work road

(Mitche'l'l et aì . , 1958; Tay'lor et dl . , igb5). When iOZ max is

reached, ôDJ further increase in work load will fajl to jncrease

YOZ (Mitchelì & Blomqvist, I97L; Tayìor et al., 1963). At this

time, ilOZ levels off or decl'ines (Mitchell et a'l ., l95g). ,,It

is clear that at this point the cardiac output must be close to

maximal and the A-v02 difference must also be very close to the

maximum attainable under conditions of physicaì activity" (Taylor et

Attainment of Maximaì Oxygen Uptake
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â.|., 1963, p. 710). "Furthen increases in work load beyond this

point mereìy result in an increase ìn oxygen debt and a shontening

of the time in which the work can be performed " (Taylor et â1.,

1955, p. 78).

The anaenobic thneshold is defined as "the level of work or

02 consumptìon just bel ow that at whìch ¡netabol ic ac'idosi s and the

associated changes in gas exchange occur" (l.lasserman et â1., I973,

p. 236). This point of metabolic acidosis occuns when the aerob'ic

energy production'is not able to fulfill the requirements of the

exencise any more (Rusko, Rahki'la & Karvinen, 1gB0; Wasserman &

McIìroy, 1964). It has been found that the measure¡nent of resp'ina-

tony variables is a val id and rel'iable ind'inect method to detect the

anaerobic threshold wjthout blood samples during 'incremental exer-

cise (Davis, Vodak, Wilmore, Vodak & Kuntz,1976).

The use of respiratory variables has allowed us to detect

the anaenobic metabolism in many ways (refer to Figure i). For

this study, the following commonly used criteria were used: 1) the

i ni t'i al abnupt i ncrease i n the venti 1 atory equi val ent fon 02

(üE/úOZ) w'ithout an increase in the venti'latory equivalent for

C}Z (üE/üCOZ), 2) the initial po'int of departune from

'l inearity in the expiratory minute volume on vent'ilation (üE-BTPS)

3) the initial abrupt increase in the fractjon of expi red 02

Anaerob'ic Threshol d

( FEOZ) and, 4) a steeper i ncrease i n the respi natory gas
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exchange ratio (R), aìl plotted against time.

iEti92 has been found to be one of the eas'iest

measunes to detect the anaerob'ic thneshold (Prietto et al., i981;

Davi s, Frank, Whi pp & l,lasserman, 1979). 0nce the content of C}Z

i n the bl ood 'i ncreases due to the bufferi ng of I acti c aci d ,

VC02, R and VE i ncrease I eadi ng to an i ncrease i n Ue/

ùOZ. At the poì nt where UftiOZ 'incneases f rom a genera'l 1y

flat sìope (anaenobic threshold), greater volumes of a'ir are being

taken in for the absorption of equaì amounts of 02 (Meìlerowicz &

Smod'laka , 1981). "The magni tude of the Ut/iOZ 'i s dependent on

constitutional factors, especiaì1y morphoìogica'l condition of the

respi ratory systern, â9ê, SeX and especi al ìy of vent'il ati on"

(Meì I erowi cz & Smodl aka, 1981, p. 230).
a

VE incneases linearly to the work load until the anaero-

bjc thneshold js reached, ât which time there is a nonlinean

'i ncnease (tlJel ì s & Haan, 1981; Pri etto et ôl . , 1981; Rusko et ôl . ,

1980; Weltman, Katch, Sady & Freedson, 1978; MacDougaìì, 1977; Dav'is

et ôì., 1976; Wasserman et â1, 1973). The additional CjZ content

of the blood at metabolic acidos'is (anaerobic threshoìd) , st'imulates

the resp'i ratory control mechani sms whi ch i n turn 'i n...ur., üg.

The anaerobi c threshol d i s easy to di scenn from tt)Z

(as i s Uf/UOZ) because of the increase from a general ly fl at

slope (Prietto et ô1., 1981). "The probìem with us'ing üE,

a

VCOZ and R to discern the anaerobic threshold 'is that they are

11



L2

a'lready increasing due to the ventilatory and metabolic requinements

of the i ncremental exerc'i se; a furthen i ncrease or steeper s'l ope ì s

often di ffi cul t to detect" (Prì etto et al . , 1981, p. 14) . "The

extna increase in üt results in a lower extract'ion of 02 pen

vol ume of a1 r venti I ated and there i s a cornespondì ng ri se ì n

FEOZ" (Skinner & McLe'l'lan, 1980, p. 236).

R i s the rati o of úCOZ oven üOZ. As the work

loads increase, so does R. "The rapidity of thjs increase depends

on intensity of the performance, âgÊ, sex and tra'inìng of the

subject" (Nelterowicz & Srnodlaka, 1981, p. 251). The sudden steeper

i ncnease in R "refl ects the format'ion of acids (ch'ief1y lactic ac'id)

through the rel ease of C}Z f rom bi carbonate" (Naìrnark, l.lasserman &

McIl roy, 1964, p. 650). When ther"e is an extreme ni se in lactic

ac'id (anaerobic threshold) there is a high nate of COZ production

and expuìs'ion mak'ing R rise to 1.0 or higher (Mel lerowicz &

Smodlaka, l98i). Recent studies have shown R to be the least sensi-

tive of all methods (Dav'is et al.,1976; Wasserman et al., 1973) but

'it can still be he'lpfu'l in some cases if used in combination with

other means of detecting the onset of anaerobic metabolism.

Anaerobic Threshold in the Trained versus Untnained Subiects

The 02 val ue on pencent of íOZ max

anaerobic thneshold occurs depends on the level of

subject (refen to Table 1). The trained individual

the anaerobic threshold at a higher percentage of

at wh'i ch the

fitness of the

seems to reach

üOZ max. It



Anaenobic Threshold Values in Variols Populations

SÍI,DY

Prietto et al. (1981) Middle ard Lorg 8 62.5 + 4.3 77

Distance Rurners mì/kg/m'in

l,lells & l-han (1981) fhle lÊratlpn Runners 9 2.252l/nin 57.6

Femle lÞnathon Rmners 8 1.7% l/min 65.3

Rusko et al. (1980) Fsnale Cnæs-Cor.rntry 15 40.9 ml/kglmìn 86

Ski ers

Davis et al. (1979) Untrained I'hles 9 1.36 + .10 l/min 49.4 + 2.6

After 9 rcek endurarrce 9 1.96 + .10 1/min 57 !2.L
progrõn

Table 1

ACTIVITY N .., AMER(BIC ]HRESIOLD

UûZ % Vgrnnx

13

l^lelùnan et al. (1978) Untrained Fsnales n 1.11 + .25 llnin 49

18.1 + 5.4 57 + 2.1

ml/kg/min

Davis et aì. (1976) lhtrained fvlales 30 2.43 + .8 Llntn 58.6 + 5.8

Costill (1970) Distarrce Runners 11 >70
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appears that the anaerobic threshold can be used as a measure of

submaximum f itness. l,lel tman et al . (1978) have shown that even

though two peop'l e have i dent i cal üO, max val ues , thei r anaerob'i c

threshold values are not necessarily identicaì. "This might explaìn

why endurance perfomance can cont'inue to ìmprove wh'il e iOZ

max rerna'ins unchanged" (Prietto et al . , 1981, p. i5) .

Stea4y.:Sta!g

"The steady 'level of oxygen uptake which is achieved during

exerc'ise i s genera'l ly accepted as nef I ecti ng the energy cost of the

exerc'i se" (Stai nsby & Barcì ay, 1970, p. 178) . The energy needed

duning continued musculan activity wh'ich establishes the steady-

state of ùOZ i s due to the metabol i sm turnover and contracti I e

act'iv'ity (Sta'insby & Barcìay, 1970). Many max'imal treadmil ì test

protocoìs are designed to achieve a steady-state at submax'imal work

loads so one can predict iOZ at any given stage. The criterja

set for a steady-state ìs when the heart rate remaìns with'in five

beats per minute and 0.L% in the mixed expìred concentrations of

02 and C}Z (Sutton, 1979). It has been documented that the rate

of reachìng a steady-state level'is affected by work intensity and

the physicaì fitness of the subject (l^lasserman, Van Kessel & Burton,

1967; Wasserman & McI'lroy, 1964). Hughson, Kowalchuk, Prime & Green

( 1980) found that ùOZ goes thr"ough three stages to adapt to

exercise. "There is a rapid initial incnease of 200-300% in the

first few bneaths, a progressive ìncrease, and a pìateau or'steady-
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state' condition (Hughson et al ., 1980, p. 18). 02 wil ì continue

to ri se at a decl i ni ng rate unt'i I a steady-state i s reached

(Stainsby & Barcìay, 1970). It has been found that a steady-state

I evel for VOZ ì s usual ly establ i shed at about the thi rd m'i nute

at a gìven lower work load (Fardy & Hel'lerstein, 1978; Fernandez,

Mohler & Butlen, 1974; Wasserman et ô1., 1973; Montoye, Guber,

Cunn'ingharn & Dì nka, 1970; Cotes, Al I sopp & Sardi , 1969; l,Jasserman &

McIlroy,1964). At h'igher work loads, the time needed to achieve a

steady-state 'is deìayed above the anaerobic threshold (Wasserman et

â1., I973; Cotes et aì ., 1969; l,lasserman & McIl roy, 1964). Some

stud'ies show that at the h'ighest wonk rates , a true steady-state i s

not neached by the s'ixth to tenth minute (l,lasserman et â.|.,1967;

Wasserman & McIl roy, 1964). "Exerc'ise above the anaerobic threshold

results in altered 02 uptake kinet'ics, with a de'lay in the 02

uptake steady-state time and an increase 'in the 02 deficit and

debt" (Wasserman et al., 1973, p. ?36). But for the purpose of

maximal treadmill protocols, Bruce et al. (1963) found that "three

m'inute perìods of submaximal exertion provide the optimaì comprom'ise

between requi rements for phys'io'log'icaì adaptations and minimal time

for expeditious testing" (p. 753).

Steady-State 'in Trai ned Indi vi dual s

It
i ncremental

rate, but

seems accepted that the

exercise test is not onìy

al so by the traj ned state

increase in U0Z during an

affected by the relative wonk

of the i nd j v'idual (H'ickson,
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Bomze & Holloszy, 1978). Many stud'ies have shown that'in the tra'ined

ì nd'ividual , a steady-state 'is reached at a faster rate at the same

nel ati ve and absol ute submaximal work .loads 
(Hagberg , H'ickson ,

Ehsani & Holloszy, l980; H'ickson et aì.,1978; Weltman et a1.,1978;

l.leltman & Katch, 1976). It appears that endurance training allows

an 'i ndi vidual to reach a steady-state at a faster rate because

VOZ meets t,he 02 demand more rapid'ly, therefore thene is less

of an 02 defi cit (Hagberg et âl ., 1980; H'i ckson et al . , 1978;

Wel trnan et aì . , i978) . At the sarne absol ute i ntensi ty, the trai ned

'individual employs less anaerob'ic oxidation as compared to the

untrai ned i nd'i vi dual (Hi ckson et al . , 1978; Wasserman et aì . , 1967 ;

l,lasserman & McIlroy, 1964). Hagberg et al. (1980) found that "COZ

production also adjusted toward the steady-state more rapidìy in the

tra'ined than the untrained state" (p. 220). At equaì work ìoads,

the VCOZ of the trai ned ì ndi vi dual i s I ess (Me1 l erow'i cz &

Smodlaka, 1981). Tra'ined males wene used for this study.

Cont'inuous versus Progress'ive Steady-State Protocol s

Many maximal treadmill stress test pnotocoìs exist today.

Researchers are constantly trying to develop the best protocoì for

the subject as well as the experimenter. The two tneadmill proto-

cols thjs expenimenter was concerned with hrere the continuous and

the progressive steady-state pnotocols. While some research has

been done on the comparison of maxìmal values obtained frqn these

two protocols, little has been done on the comparison of submaxìmal

stages.
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Froelicher et al. (1974) stated that "the smalI 'incremental

steps of the Balke protocol produce the same cardiovascular effect

in a longen period as the greater incremental stages of the shorter

Bruce test" (p. 516). (The Bal ke test is a conti nuous pnotocol

while the Bruce test is a progressive steady-state protoco'l). They

f ound no s'ign'i f i cant di f ferences i n üClZ max and maxìmum heart

rate.

Froel i cher et al . ( i975) cornpared the Bnuce and Bal ke

t readm'i I I protocoì s to detenni ne whether they were accu rate 'i n pre-

dìcting iOZ max. The nesults showed no s'ignificant dj ffer-

ence'in the maximal heart rate between the two protocols. The mean

maximal R, VE, and VgZ were si gni f i cant'ly greatelin the

Bruce pnotoco'l . "The mean maximal treadmìll time was sìgnifìcantly

greater in the Balke protocol as cornpared to the Bruce protocol"

( Fnoel i cher et al . , 1975, p, 333) .

Pollock, Bohannon, Cooper, Ayres, l.lard, i.lhite & Linnerud

(1976) found that "the nate of increase 'in UOZ and heart rate

was different" (p. 46) between the Baìke and Bruce protocol, but

there were no signi ficant dì fferences in iOZ max and maximum

heart rate. The maxjmal üE and R wene found t,o be sìgnificantìy

I ower i n the conti nuous protocol suggesti ng possi bly a di fferent

breathi ng pattenn. Thene was al so a s'i gnì f i cant di fference ì n

treadrn'ilì time.

An advantage with the continuous pnotocol is that the first

few work loads can be used as a wai'm-up (Aström & Jonsson, 1976).
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As found by the previously mentioned investigators, a disadvantage

is that a longer perìod of ti¡ne is needed to neach exhaust'ion (Faììs

& Humphrey, 1973).

This study looked at the metabol'ic measurements obtained at

comparable grad'ients to see 'if thene were any sìgnìficant d'iffer-

ences between the two types of pt'otocoìs.



Twelve male volunteer subjects between the ages of L7 and

47 years (Í,=27 ) par"tì ci pated i n the study (Tabl e 2) . 0n'ly el even

were able to complete the numben of tests nequired. The number of

subjects was a l'imitat'ion but "the measunement of oxygen consumptìon

requires the collection and anaìysìs of expired ain whìch'is both

costly and tedjous" (Froelicher et a1.,1975, p.331). The subjects

were known to be more fìt than the average populat'ion fnom previous

testi ng on trai ni ng . Each subj ect answered a phys'ica'l act'ivi ty

readiness questìonnaìre (Par-Q), signed a consent form, and rece'ived

an i nformatì on sheet pni or to undergoi ng any testì ng procedure

(refer to Appendix A).

P roced u res

METHODS AND PROCEDURES

Subj ects

Chapter 3

Instructions to Subjects

Because many

subjects were gi ven

standandì zati on ( refer

temperature, 2) time of

exerci se.

factors may affect

an 'infonnati on

to Append'i x A) .

test, 3 ) 'i ngestì on

the test nesul ts, the

sheet to ensure some

The control s were: i )

of food, and, 4) prevìous
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Pre-Test Protocol

Height and weìght wene taken upon the arrival of the sub-

ject. The leads were then p'laced on their chest. The subjects then

sat for five minutes to determine resting iOZ and to al ìow

familarizat'ion with the mouthpiece. Because many subjects tend to

hyperventilate before a maximal test (Meììerowicz & Smodlaka, i9B1),

the five m'inute resting period allowed üCOZ to drop to an R of

between 0.80 and 0.90. After this five minute period, a restìng

blood pressune was taken. The subject was then permitted to

stretch. When the subject indicated that he felt ready, the max'imal

test was started

Test Protocol s

The two treadmill tests penformed were the modified Balke-

tlare (continuous protocol) and a test with three minute stages (pro-

gressive steady-state protocol ) (refer to Appendix B). An el ectro-

candiographic strip, weight, height and blood pressure were recorded

before starti ng.

The mod j f i ed Bal ke-Wa ne (protoco'l i ) began wi th a wa rmup

(on the treadmiì'l) of two minutes, one rninute at 2.4 km. at 0 eleva-

t'ion and the second minute at 3.2 km. at 0 elevation. If the sub-

iect (bV observatìon of the investigator) had not adjusted to the

treadmill, this yrarmup period was extended. The actual test began

at a 2% elevation at 5.4 km. and 'increased by a 2% elevatìon every

2L
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minute. If the test exceeded a 25% elevat'ion (which is the tread-

mill's maximum), the elevation was then maintained and the speed was

'incneased by.3 km. every minute. The subjects wene not allowed to

use the tneadmi I I handrai I s for suppor^t at any t'ime duri ng the

actual testi ng pnocedure. R, úE (BTPS) , úCOZ (STPD) and

úOe (STPD) wene calculated as mean vaìues of 30 second periods

(other measurements and calcu'lations were made, but these variables

were the ones of interest to this study. Refer to Appendix C).

An electrocardiograph'ic strip was recorded at the end of

eveny minute and at maxjmum to determine the heart rate. It was

also recorded at the end of every mìnute in the six minute necovery

period. For the second protoco'1, each work load was set as every

thi rd work I oad of the fi rst pnotoco'l and was thnee mi nutes 'in duna-

t'ion (refen to Appendix B). The rest of the descrìptìon and proce-

dures are identical to those prevìousìy gìven.

There were three criteria used to determ'ine whether the

maximal work capac'ity had been reached: 1) the heart rate was 180

beats per minute on more, 2) the subiect could not keep up wìth the

treadmill any longer and 3) a higher wonk load caused no increase or

a s1 ight decnease ìn ùOZ from the previous work load. Subjects

were verba'l ìy encouraged to cont'i nue unti I exhaust'ion.

Des'i gn

Each subject performed three maximal tests; two maximal

tests using one of the protocols and one maximal test on the second
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protocol, in a random order. This balanced the possible learning

factons (Fardy & Hel ì erstei n, 1978; Pol I ock et al . , 1976) . Al l

test'ing on an ind'ividual was conducted during a two week period wìth

the mìnimum t'ime between any two consecutive tests be'ing two days.

Data Analysj s

Descriptive data was done on all variables recorded using

the BMPDID program. A graph of the averages of each steady-state

variable at each wonk Ioad of both protocols fvere plotted. In the

case of a repeated test of the same protoco'|, the test used fon data

analysis was the one which had the highest ùOZ max. The vani-

ables üg, R, irsZ, úCOZ and heart rate were pì otted

against, test duration. Pìott'ing r,ras done by the Hewlett Packard

9835A m'in'i computen.

Spearman's rank correlat'ion coefficìent test was used to

determine the reliabilìty of the two protocols at the submaximal and

maximal work loads.

Student's paired t-test was used to determine if there were

signìficant dìfferences between the submaximal and maximal level

variables of the two protocoìs. Dìfferences wene considered sìgnì-

f i cant at the p(0.05 I evel .

Vaìues of it/itOZ, üE, FE02 and R were pì otted

against test dunation for each'indìvidual on both protoco'ls. The

cniteria used to determine anaerobic threshold wene: 1) the inìtial

abnupt i ncrease i n ie/iOz wi thout an i ncrease i n iEt
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úCOZ, 2) the 'init'ial po'int of departure from linearity in
ú6, 3) the in'itial abrupt increase in F6OZ and 4) a steeper

i ncrease i n R. The onset of anaerob'ic threshol d was determi ned frorn

these graphs by vi sua'l 'inspecti on by the 'i nvesti gator and an expert

in the field. The po'int agreed upon by these sk'illed observers was

taken as the anaerob'ic thneshold. The anaerob'ic threshold was

expnessed as VOZ and the percentage of iOZ max.

there waS a dìscnepancy between the vanious criteria' an average was

taken. The means and standard deviatìons were calculated fon each

protocol.

The Student's pa'ired t-test waS then used to determine if

there was a sìgn'ificant difference between the anaerobjc threshold

of the two protocols. Differences were consìdered sìgnificant at

the p(0.05 I evel .

Equi pment and Materi al s

The Beckman Metabol'ic Measunement Cart (MMC) whi ch conta'ins

an 1810 Monroe cal cul ator, tvas used to determ'ine al I the gasometri c

¡neasurements (refer to Appendix C). Froelicher & Lancaster (1974)

observed that üOZ max can d'i f f er wi del y among j nd'iv'idual s fo r

any given maximal treadmill tìme. "Thus, the accurate determjnaton

of an 'ind'iv'idual ' s functi onal aenobi c capacì ty or the 'i nd'i rect est'i-

mate of max'imal card'iac output requ'i res the actual measurement of

02 consumption" (Froelichen & Lancasten, I974, p. 449).

The MMC was calibrated before and after each test using

Whe re
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cal i brati on gases. The vol ume transducer vúas cal i brated daì ly and

checked between tests. The subjects had a rubber mouth-pìece fìtted

wìth a Hans-Rudoìph non-nebneath'ing pu'lmonary valve No. 2700 for

col I ect'i on of exp'i red gases . Low-res'i stance and nonki nkabl e tubi ng

extended frorn the vaìve to the MMC. During collection of expired

a'i r, the subj ect ' s nose rvas occl uded by a cì i p. The 02 was

measured by a Beckman 0M-11 anaìyzen and COZ by a Beckman LBz

anaìyzer. Because the 02 analyzer is a partial pressure sensor

and sensitive to the presence of waten vapor (I,Ji'lmore et al.,1976),

the tub'i ng for gas coì I ecti on was changed and the m'ixi ng chamber was

opened and dried after each test. The Drierite (caìcìum suìfate) in

the dryi ng tube was al so changed after each test for compì ete

absorpt'ion of water vapor. A CM-1 lead configunation was used to

monìtor and recond heart rate on a singìe channel recorder by Harco.

Blood pressure was taken w1th a sphygmomameter. A calibrated Quinton

treadmill was used fon all testing.



The results and discuss'ion are presented in the folìowing

sections: rel iabi'lity, maximal work 'load, 
submax jmal work loads and

anaerobic threshold. Tables and graphìcaì representations of the

resul ts are a'l so presented.

Rel'iability

RESULTS AND DISCUSSION

Chapter 4

As previously mentioned, each subject repeated one of the

maximal treadmill protocols (n=6 for pnotoco'l 1, n=5 for protocoì 2)

for the determination of rel'iabil ity. Spearman rank correlation

coefficients are presented in Tables 3 and 4. Relative'ly low cor-

relation coefficìents may be due to the smalì samp'le size whìch may

not disguise the biologica'l variation. Another reason may be the

effect of extreme scores on the statistical anaìysis used.

The treadmill was caljbnated for speed and elevation at the

commencement of the study. Bruce et al. (i975) found that a cal'i-

brated, motor-driven treadmill has the advantage of being neprodu-

c'ible because "the rate of energy expenditure is regulated involun-

tarily (unìess the subject or patient supports pant of his body

weìght by leaning on the handnai'l )" (p. 557). The Beckman MMC was

also calibrated before and after every test. Because the equipment

used was neliable, the variation was most ìikely due to the subjects

as opposed to the equipment.



PHYSIO.GICAL
VARIABLES

Reliab'ility of Prolocol I
(Spearnan Rark Conrelat'ion Coefficients N=6)

VO, (ml/ks/min)

ùr¿ (ml/min)

HEART RATE

ü¡ (1/mìn)

üce (m]/min)

R

Table 3

STAGES
I 2 3 4 5 6 7 8 910 11 12 13Ì,,lAX

.52

.66

.92

.%

.92

.37

.94

.77

.89

.77

.67

.72

.7t

.49

.93

.77

.66

.24

.65

.83

.83

.77

.94

.14

TEST DIJRATION

(secords

.31

.49

.98

.67

.83

.09

.65

.77

.77

.94

.86

.68

27

.66

.80

.87

.n

.77

.25

.60

.94

1

.89

.7r

.55

.52

.98

.æ.

I

1

.73

.00

.50

.61

.70

.90

.80

.n

.85

.48

.90

.90

.80

-.20

.80

.n

.70

.80

.95

-1

1

1

.5

1

tr

.79

.%

.86

.77

.%

.79

%



Rel i abi I i ty of Protocol ?
( Spea rman Rank Correl ati on Coeffì ci ents N=5 )

PH YS I OLOG I CAL
VAR IABLES

ùs, (ml /kg/mi n)

Vg, (ml /mi n )

HIART RATE

V¡ ( l/m1 n)

ücoz (ml /mi n )

R

Table 4

1

-. 10

.20

-.70

.50

,50

.77

TEST DURATION
( seconds )

STAGES
23MAX

.65

.70

.L2

.50

.90

.60

28

.50

.80

.20

.80

1

.92

.30

.70

.93

.80

.90

0

.36
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An attempt was made to reduce subject vari ab'il 'ity. Repeat

tests done on an'indìvidual were scheduled at the same time of day,

under the same environmental cond'itions. Further, the subjects wene

asked to fol ì ow the 'instructi ons on the 'informat'ion sheet (refer to

Append'ix A) .

Max'imal Work Load

Max'imal physi o'logi cal val ues fon the two test protoco'ls can

be found i n Tabl e 5. No sì gni fi cant dì ffe rences were found for

max'irnal heart nate, üoZ, üE , ücOz and R. It appears that

the two protocols were measuning the same values for the maximal

variables. Test duration was found to be s'ignificantly greaterin

protoco'l one (0.01 level of significance).

Sim'i I ar conti nuous protocol s to that uti I i zed were al so

found to be sign'ificantly ìonger in duration when compared to a pno-

gnessìve steady-state protocoì (Pol1ock et al., 1976; Froel icher et

a'1., 1975; Froelicher et al.,1974). Protocol one was approximately

one and a half m'inutes longer yet, the maximal wot^k load achjeved

was the same. Bruce et al. (1975) stated that one of the bas'ic

requi nements of any test measuri ng ùOZ max i s that i t shoul d

"require min'imal tjme for mon'itoring and supervìs'ing personnel yet

prov'ide substantial data" (p. 546). Both protocols resulted in the

same maximal physi oì ogi ca'l val ues and work 'load, al though the pr0-

gress'ive steady-state protocol resulted 'in a sl'ightly longen test

dunation. Even though the test dunat'ion was significantly



Corparison of t'hx'imal Paraneters Fron tach Test Protocol

PT{YSIOLOGICAL VARIABLES

üg, ** (ml/kglmin)

ùoz * (ml/min)

l4AX HEAIìT RATE (beats/m'in)

VE nnx (l iters/min-BIPS)

Ûçg, r* (m'l/min)

RE9IRATOìY GAS EXGIANGE ¡ìATIO

TEST DRATION (secords)

Table 5

CONTII\I,UJS

lvþan (tSD)

56.12 (!r.7)

3e2s.88 (¡165.5)

ru.24 Glo.Z)

136.86 (96.1)

451e.e8 (j/oo.z)

1.15 ({0.1)

78.82 e1æ.4)

* P<0.05 t.05 = 1.96

* P(0.01 t.g1 = 2.576

PROGRESSIVE

S'IEADY.STAÏE

Þþan (tSD)

30

52.8i e5.6)

3797.50 9t11.6)

182,62 @.2.1)

135.04 þ21.e)

4476.23 (f'g8.r)

1.18 gl.1)

ffi3.75 e127.2)

T-SCORE

- .86

- .77

-ao

- .58

- .89

.30

-7.4?
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longer in protoco'l one, the opinion of the investigator is that the

actual difference in time requ'ired to complete the test (approxi-

mately r L/2 m'inutes) does not in itself wanrant t,he selectjon of

one pnotocol over the other.

Oxygen Uptake

The measurements for the submaximal work loads can be found

'in Table 6. Looking at üoe, the only significant difference

between the two protocoìs occurred at minute nine. when úoz was

corrected for body weight, the djfference was significant at a.0I
level of s'ignificance, whi'le absolute iloz was significant onìy

at the .05 I evel . In both cases , UOZ was higher in protoco'l

two. At any other submaxjmal work load, no s'ignificant differences

were found.

Froel icher et al . (I974) found that a gìven work load of

the Balke protocoì r,'las equivalent'in card'iovascular response to a

comparable work load in the Bruce protocoì. l,J'ith a greater number

of subj ects , the d'i f ference found i n thi s st,udy may not have occur-

red. An extreme score could have caused the significant difference

with the statistical analys'is used (paired t-test). At mjnute nine,

the mean üoz for protocoì one and two makes little physiologicaì

d'ifference. Taking the study's limitations into account, one could

conclude that at equa'l work loads, both protocols resulted in the

same Vgr.

Submaximal Work Loads



Cqnpari sm of Subnaxirnal Panamters fron Each Test Protocol

3 m'inutes (6%-5.4 kn)

STAGE

Table 6

Vø (ml/kg/m'in)

i'ú (ml/min)
HEÃRT RA]E (beats/min)
VE (ìiters/m'in-BTPS)
Ûm, (mì/min)
R.

6 minutes (12%-5.4 lffi)

CONTIT\INUS

ú9 (ml/ks/m'in)

vel (ml/min)
HEÃRT RATE (æats/min)

!r ('l'iters/mi n-BTPS)

V69., (mì/min)
R.

IEan l+SD)

24.e1 et.e)
i7se.oe c6e.8)
117.00 @2.7)
3e.60 gr.e)

14oo.o0 cr74.4)
o.8o gl.o)
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PRTERESSIVE

S'IEADY-STATT

l'þan (tSD)

9 m'inutes (18%-5.4 kn)

?5.% w!.r)
1838.i8 cs2.3)
ii8.64 817.e)
44.56 95.3)

l5eo.ei ci80.8)
0.86 gl.o)

Vg2 (mì/ks/min)
Vg; (rnl/min)

HEÂRT RATE (bears/min)

!e (f i ter-s/m'i n-BTPS)

Vç9, (ml/min)
R"

l€an (tSD)

34.84 Er.3)
?469.W 8283.2)
141.46 (!1.i)
58.43 c9.o)

2233.64 c31e.3)
o.9o gl.1)

T.SCORE

-1.22
-I.n
-0.04
-3.64t'
-5.01*'
-2.%*,

l€an (tSD)

* P<0.05 t.Os = 1.96

** P(0.01 t.g¡ = 2.576

35.96 c2.6)
?55r.82 92e5.0)
r47.73 ei7.6)
67.34 c11.5)

2479.W c364.0)
0.e7 ßr.1)

t'þan (tSD)

45.06
zI84.54

167.91

89.86
3æ1.82

1.03

T-SCORE

ca.0)
t!34.e)
c4.1)
c.{6.4)
e440.3)
80.1)

-1.53
-r.47
-2.47
-4.94*'
-4.TT
-2.6F

l'þan (tS0)

46.e0 83.5)
3335.00 t3æ.6)
168.e0 t_{7.4)
96.74 ci7.o)

346e.oo c+e3.0)
1.04 gl.1)

T-SCORE

-?.7W
-2.56*
-1.90
-3.79
-4.34*
-1.1û'.



12 m'inutes (24%-5.4 kn)

STAGE

ú9 (ml/kslmìn)
V6i (mì/mìn)

HEÃRT RATE (beats/min)

!r (liters/min-BTPS)
Vçg' (ml/mìn)

R.

Table 6 (continued)

15 minutes (24T-6.3 ßn)

CONÏINIjOJS

!9, (ml/ks/mln)
vsl (ml/min)
HEÃRI RATT (beats/mìn)

!e (ì'iters/mìn-BTPS)
Vç9, (mì/mìn)
R.

l'þan (tSl)

54.87 c3.3)
3852.86 8430.8)

178.71 (tti.e)
t24.87 E?s.s)

4æ7.r4 c/i9.6)
1.li ß1.1)

PROGRESSIVE

STEADY-STATE

33

]€an (tSÐ)

* P(0.05 t.05 = 1.96

# P(0.0i t.Ot = 2.576

54.13 c3.o)
3i73.33 c264.1)
170.33 t_n5.0)
123.53 EZ3.4)

4223.66 c38e.4)
1.23 (.Ú.2)

l'þan (tSD)

62.95 e3.5)
4260.00 c+e5.0)
179.00 @2.7)
tæ.75 88.7)

440s.00 e346.5)
1.04 ßl.o)

T-SCORE

-.31
-.æ
- .2t
-? lÃ)*
-2.07*
-1.05

pean (tsD)

59.75 e3.8)
4050.00 c99.0)
179.00 @2.7)
13e.35 t_'to.e)

4920.00 ß;?2.2)
r.22 6).2)

Ï-SCORE

- .63

- .50
0

-7.07**
-2.64**
-1.13



34

Figure 2 is an example of the rate of increase'in relative
a

U0Z'in the two pnotocols for a sing'le subject. Figure 3 is the

rate of increase in relative üOZ of the eleven subjects in the

two protocoì s. Protocoì one showed a I i near i ncrease 'i n üOZ

throughout the test durat'ion. In protocoì two, there was a level-

ìing off at the end of the first two work loads (mìnutes 3 and 6).

This agrees wìth othen studies wh'ich have shown that at lowen wonk

ì oads, a steady-state I evel for iOZ 'is usua'l 'ly estabì i shed at

about the th'ird mìnute (Fandy & Hellerste'in, 1978; Fernandez et al .,

L974; Wasserman et a'|., 1973; Montoye et â1., 1970; Cotes et dl.,

1969; I^lasserman & Mcllroy, 1964). At highen work loads, a true

steady-state will not be established until the s'ixth to tenth minute

(Wasserman et â1., 1967; l,lasserman & McIìroy, 1964) thenefore a

I evel 'l i ng of f i s not seen on the graph.

Heart Rate

There was a significant d'ifference in heart rate on'ly at

minute six (p<0.05) when heart rate was h'ighelin pnotocol two.

Because there were no other d'ifferences at the other work loads and

that the h'igher heart rate djd not correspond to the h'igher üOZ

found at minute nine, the dj fference found was probabìy agaì n a

result of the small subject number.

Figure 4 shows the nate of incnease in heart rate of the

eleven subjects ìn the two protocols. In pnotocoì one, there was a

linear increase untiì about the twelth minute whene'it levelled off.
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The mean maximum tirne on protoco'l one occurred at about twelve and

one half minutes. The upward trend at minute fourteen corresponded

to the two subjects who had not yet neached max'imum. Protocol two

showed a stepwise increase in heart rate conrespondìng to the three

mi nute work loads. Thi s dj fference i n the graph of heart rate

(between the two protocols) wou'ld be expected.

In protocol two, the subjects' heart rate had adjusted to

the lower work loads. l.lhen the work load was subsequently

increased, there was a rapid increase in heart rate until adjustment

to the new work load occurred. Conversely in protocoì one, the

magnìtude of the work load ìncrease (1/3 of the wonk load of proto-

col 2) plus the fact that the work load was increased at one minute

interva'ls, meant that the adjustments were not ìarge enough to be

detected i ndi v'idua1 ly.

Venti'lation and Canbon Diox'ide Production

Submax'imal VE and VC02 measurements were cons i s-

tentìy different between the two protocoìs. Except for minute

twelve, protocol two was significantly greaten. Th'is would lead to

the concl usi on that the two protocol s resul ted j n d'i fferent

breath'ing patterns. The larger incre¡nents in protocoì two could

possibly account for the greater productìon of C}Z at equal work

loads. This may Þe due to the larger anaerob'ic portìon of work at

the beginning of each work load in this protocol.

Figunes 5 (p.36) and 6 show the rate of increase'in üE
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and úCOe of the eleven subjects in the two protocoìs. Aga'in

protoco'l one showed a linear incnease while protocoì two had a step-

Iike incnease untiI minute ten to thir^teen where most of the sub-

jects stopped. The increase after the pìateau was due to the two

subjects who cont'inued fon a longen period of time.

Resp'iratory Gas txchange Ratio

R was s'ignì f icantly greatelin pnotocoì two at mì nute thnee

and six (p<0.01). As stated by Aström & Jonsson (1976), the fìrst
few m'inutes'in pnotocol one can be used as an additional warm-up. In

protocol two, the higher R values could neflect a ìonger period of

time in adjustment to the actual testing procedure. As the work

loads increased towards maximum (about minute sìx), there were no

signìficant differences found. The subjects were now workìng at

i ntens'it'ies whi ch woul d override any changes 'in R due to anxì ety.

Figure 7 (p. 38) shows the rate of increase 'in R of the

eleven subjects in the two protoco'ls. Both protocoìs increased in

the same fashion (as other variabìes) untìl minute twelve. At this

poìnt, many subjects cornpleted the test, thus causing a change in

t rend .

Anaerob'ic Threshol d

The anaerobic threshold for pnotocol one and two estimated

us'ing the various respiratory variables was 74.97 + 7.02% and 75.05

+ g.g4% of VOZ max, respectìvely. In iOZ val ues, this

woul d be 2.96 + 0.40 l/mi n or 43.27 + 5.82 ml /kT/nin for protocol
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one and 2.93 + 0.56 l/m'in or 41.34 + 6.37 ml/kg/min for protocol

two. Recent research has shown that the anaerobic threshold'is

h'igher aften an endurance program (Ready,1980; Davis et a1.,1979),

but more nesearch is needed'in this area. The nange obtained for

the anaenobic threshold in th'is study (65.8%-88.8% for pnotocoì I,

59.I%-89.2% for protocoì 2) corresponds welì to the results of other

studi es us'i ng trai ned ì ndi vidual s (Pri etto et âl . , 1981 ; Rusko et

a1 . , 1980; Costi'l ì , 1970) . The compari son of the traì ni ng prograrns

of each individual subject wil I not be discussed here as it ìs

beyond the scope of this study.

The anaerobì c threshol d was not s'igni f i cant'ly di f fe rent

between the two protocoìs (t = -0.026; t.OS = 1.96). Both pro-

tocol s detected the anaerobi c threshol d at the sarne po'int usì ng the

respi natory variabl es.

An exampìe of the detect'ion of the anaerobic threshold of

two different subjects, one on protocol one and the other on proto-

col two 'is gi ven ì n F'i gures 8 and 9. The anaerobi c threshoì d cou'l d

easi'ly be detected us'i ng the two cni teri a, Uf/iOZ and

FE}Z, because of the 'incnease from a generaìly flat slope to a

much steeper slope. The same po'int was more difficult to detect

usi ng VE and R because both i ncreased fai nìy 1 i nearly throughout

the test, and anaerobi c thr"eshol d 'is detected by a change ì n s'l ope.

Th'is was also found in other studies (Prietto et aì.,1981; Davis et

al ., 1979).
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The follow'ing conclusions prove justified on the basis of

the previously mentioned l'imitat'ions:

1) The continuous protocol (1 minute stages) and the pro-

gressive steady-state protocol (3 minute stages) resul-

ted in the same maximal physiological measurements.

2) The continuous protocol was significantìy longer than

the pnogness'ive steady-state protocol.

3) Equivaìent sub¡raximal work loads of the two protocols

provìded the same measurements i n ÛOZ and heart

rate but s'ignificant d'ifferences were found 'in üE,
a

Vç92 and R.

4) The anaerobic threshold was detected at the same level

in both pr otocols using respir^atory vaniables.

Recommendati ons

SUMMARY AND CONCLUSIONS

Chapter 5

The foì I ow'i ng recommendations may be found useful for

further research 'in th'is area:

1) A l arger samp'le s'ize woul d he1 p el 'imi nate much of the

bioìogical on subject variation,

?) A group of untrained subjects should be included to see

if the same results are obtained frûn the two test pro-

tocol s.



3) A standard'ized

thneshol d on

devel oped.

46

procedure for detecti ng the anaerobi c

a treadm'il I test protoco'l shoul d be
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APPENDICTS



DOCUMINTS FOR RESEARCH INVOLVING

HUMAN SUBJECTS

APPTNDIX A



In order to ensure that the exercise test wilì not have any

detrimental effects on yourse'lf, it is mandatony that you nead each

poìnt below carefully before answering YES or N0.

Should you have any questìons pìease ASK.

PAR.Q

YES or NO

1.

?.

Have you had any pai ns, pressure or d'iscomfort i n

the mìddle of your chest when you exert younseìf?

Have you ever been told you have heart trouble

such as rheumat'ic fever, heart murmur, angi na

pectori s?

Have you ever taken any heart drugs (digìtalis,

qui n'idi ne, nitrog'lyceri ne)?

Do you have trouble with palpitatìons?

Does one f I ì ght of sta'i rs make you severeì y

breathl ess?

Have you had previous heart tnouble or high blood

pressure?

Are you 25 pounds overwe'ight or do you smoke over

a package of cigarettes a daY?

3.

56

4.

5.

6.

7.



8.

o
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Do you have bl ood nel atives who have a strong

tendency towards heart attacks?

Do you have diabetes?

Do you have l'imb, io'int, chest (respìratory) or

any other^ chroni c d'isorders that mì ght worsen wi th

exerci se?

Are you over 50 years of age?

10.

11.

If you

advì sed tobe

Name:

have answered YES to any

have medical clearance by

Date:

of these questìons you will

a phys ì c'ian.



1.

INFORMED CONSENT FOR TREADMILL TEST TO IXHAUSTION

EXPLANATION OF THE TESTS

You wi I I perform an exhaustive runni ng

capacity on a treadmìlì. l^le expect your heant

consumption to reach maximum levels for your

I evel . You can antici pate bei ng quite

compì et'ion .

2. RISKS AND DISCOMFORTS

There exists the poss'ibility of certain changes occunring

duri ng the test. They i ncì ude abnormal bl ood pressure,

faint'ing, dìsorders of heart beat, and in very rare ìnstances,

heart attack. Every ef fort wi I I be made to mi n'imi ze them by

pnel iminany scneenìng, medìca1 exalninat'ion and by close obser-

vat'ion dun'ing the testing. Trajned personnel will conduct the

testing and ernergency procedures have been carefully outl'ined

to deal with unusual s'ituations whìch may arise.

58

test of aerobic

rate and oxygen

age and fitness

fatigued upon

3. BENEFITS TO BE EXPTCTED

The nesults obtained will provide

your aerobic capacity as measured by

performance t'ime. Subsequent testi ng

a preci se i nd j cat'i on of

oxygen consumptì on and

w1 I I prov i de you w1 th
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quant'itative data on the effectiveness your training program is

in'improving your aerob'ic fitness level and your performance.

4. INQUIRIES

We invìte your questìons about the pnocedures to be used

in the tests. If you have any doubts as to what is expected of

Jou, please ask us fon further explanat'ion.

5. FREEDOM OF CONSENT

Your agreement to take this test is voluntary. You are

f ree to deny consent 'if you so desire.

I have read this form and I undenstand the test procedures

that I wilì perform, and I consent to partjcipate in this test.

Date Si gnature of Panti ci pant

Sìgnature of Witness



Name

Avoid smokjng for at least one hour before the test.

No exercise routines the day of the test.

D0 NOT eat one hour before the test. A lìght meal befone this is

perm'issible if you avoid butter, cream, coffee, tea, or alcohol .

Bni ng a compl ete I i st of medì cati ons current'ly be'i ng taken.

Take youn regular medicines (if any) before the scheduled test.

Get a good nìght's sìeep before your test.

Bring a paìr of slacks or shonts w'ith you for your exercise test.

Also bring running shoes or comfortable walking shoes.

Plan to spend approxìmately one hour at the testing center.

Locker and shower fac'i I i ti es are avai I abl e fon your conveni ence.

1.

2.

Dates of Tests

INFORMATION SHIET

3.
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APPENDIX B

PROTOCOLS



tl evat'ion

PROTOCOL 1

0%

0%

2%

4%

61"

81"

r0l,
L2%

l4T"

t6%

r8%

20%

2?%

24%

247"

241"

24%

247"

247"

24%

TREADMILL PROTOCOLS

Speed

2. 4 km.
3.2 km.

MI NUTES

5.4 km.

5. 4 km.

5.4 km.

5. 4 km.

5.4 km.

5.4 km.

5.4 km.

5.4 km.

5.4 km .

5. 4 km.

5.4 km.

5.4 km.

5.7 km.

6. 0 km.

6.3 km.

6.6 km.

6.9 km.

7.2 kn.

Elevatìon

PROTOCOL 2

I
2

3

4

5

6

7

8

9

10

11

L2

13

14

15

l6
17

18
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0%

0%

6%

6%

6%

r?r,

L2l"

L2%

L8%

lgT,

L8%

24%

24%

?4%

?.4%

?.4%

24%

24%

247"

?4%

Speed

2.4 km.
3.2 krn.

5.4 km.

5. 4 km.

5.4 km.

5.4 km .

5.4 km.

5.4 km.

5.4 km.

5. 4 km.

5.4 km.

5. 4 km.

5.4 km .

5.4 km.

6.3 km.

6.3 km.

6.3 km.

7.2 kn.

7 .2 Rtn.

7.2 kn.



VARIABLIS MEASURED AND CALCULAÏED

BY THT BECKMAN METABOLIC MIASUREMENT CART

APPINDIX C



The "Exercise Program" was used in the Beckman Metabolìc

Measurement Cart (MMC). The techn'ician inputed the resting oxygen

uptake as well as the body we'ight. Eveny 30 seconds, the folìowing

measurements and calculatìons wene made:

MEASURIMTNTS

VARIABLTS MEASURED AND CALCULATED BY THE

BECKMAN METABOLIC MEASURTMENT CART

Fraction of expined carbon dioxìde (FEC02)

Fraction of expired oxygen (FgOZ)

Expired gas temperature ('C)

Barornetric pnessure (Pb-mmHg)

Expiratory minute volume (üf-liters, BTPS)

Number of bneaths (F)

Durat'ion of measurement'interval (seconds)

CALCULAT I ONS

64

ü0, ,sTpD) = [(1 - FrgËJeco z^ Fr'z) - FrorJ x ú6 (sTpD) x io3

1) Oxygen uptake

i _ Ftoz

2) 0xygen uptake cornected for body weight, ml/min/kg (STPD)

lo,
I^lr'( K9 )

3) Volume exhaled

üg lsreo¡ = vE

(l/min)

(BTPS)xPn-47
863



4) Respiratory gas exchange natìo

R = yco2
Yoz

5) Carbon d'ioxide production, ml/min (STPD)

ùCgz = [FEC0, - .0003] * ÛE (STPD) x 103

6) Mets (muì ti pl e of rest'ing oxygen consumpt'ion )

METS = fu, measured
Vgi resti ng

7) Tg2 (true oxygen, mì (02)/i00 ml)

Toz= Yoz,(tl/Tin) I lriTËI5r-pIflïnrîn )

8) ÛE (ventilatory equìvaìent, L/100 ml )

VE = V¡-(STPD) xro?
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STATISTICAL SIGNIFiCANCE FOR MAXIMAL AND SUTMAXiMAL

TRTADMILL STRESS TEST VALUES:

INTERPROTOCOL COMPARIS0NS (STUDENT'S PAIRED T-TEST)

APPENDIX D



Statistical Significance for Maximal Treadmill Stress Test Values:
Interprotocol Comparisons (Student's Pajred T-Test)

Test Durat'ion (seconds )

üg, max (mì/kg/mjn)

ùg, ma* (ml /mi n )

Heart Rate (beats/min)

Vg max (ì iters/min-BTPS)

üçg, ta* (mì/min)

R

Table 7

Mean

.60

-r.27

-82.73

-1.36

-?.49

-56. 36

.01

Sta nda nd
Devi ati on

67

26.83

4.92

354.71

4.57

T4.12

209.01

.11

Sta nda rd
E rron

8.09

1 .49

i06. 95

1.38

4.26

63.02

.03

T-Sco re

-7 .42**

- .86

-.77

- .99

- .58

- .89

.30

p<

p(**
0.05 t.0S

0.0i t.Ot

1. 96

2.57 6



Stat'istical Sign'ificance for Submaximal Tneadmill
Interprotocol Comparj sons (Student's Pai ned

3 Minutes (6%-5.4 l1qJ

üs, (ml/kg/m'in)

VgZ (ml /mi n )

Heart Rate (beats/min)

VE (l 'iters/mi n-BTPS )

vCOe (ml/mìn)

R

6 Mjnutes (12%-5.4 km.)

Tabl e 8

Mean

.80

-58.18

-9.09

-3.87

-i55.45
-5.82

Vs, (ml/kg/m'in)

üs, (ml/min)

Heart Rate (beats/mìn)

üE (r iters/min-BTPS)

Vçs, (ml /m'i n )

R

Standard
Dev i at'i on

2. 18

150.39

6.88

3. 53

102.89

6.57

Stness Test Val ues:
T-Test )

68

St a nda rd
Error

9 M'i nutes ( 18%-5 .4 km . )

.66

45. 34

2.07

1.06

31.02

1.98

-1.03

-68. 18

-6.27

-7 .93

-210.91

-5.64

üs, (mì/kg/min)

Vg, (ml /mi n )

Heant Rate (beats/m'in)

úE (lìters/min-BTPS)

üçs, (ml /mi n )

R

T- Sco re

-t.22
-7.28

- .04

-3.64**
-5.01**
-2.94**

2.23

i54.13
8. 59

5.32

L69.97

7 .r4

.67

46.47

2.59

i.60
5t.25
2.15

-?.36

-170.00

-3.50
-9. 93

-257.00

- .03

-1. 53

-r.47
-2.4?*
-4. 94**

-4.r7.**
-2.62**

2.76

209.66

5.82

8. 28

t87 .26

7 .79

.87

66. 30

1.84

2.62

59.2?

2.46

-2.7 0**

-2.56*
-1.90

-3.79**
-4.34**
-1.10



12 M'inutes (24%-5.4 krn')

Vg, (mì /kg/m'in)
üs, (ml /mì n )

Heart Rate (beats/m'i n )

üE (litens/m'in-BTPS)

trçs, (ml /m'i n )

R

i 5 M'i nutes (241"-6. 3 k'!.)

Table 8 (continued)

-.82
-57.50

-. 50

-!4.52
-315.00

-.07

Vs, (mì/kg/min)

üs, (ml /mi n )

Heart Rate (beats/m'in)

üE ( I 'iters/mi n-BTPS )

üss, (rnì /mi n )

R

5. 31

401.61

4.73

9.23

304.25

.13

69

2.65

200. 81

2.36

4.6?

r52.!2
6.67

3. 20

210.00

0.00

- 10. 60

-515.00

-. 18

- .31

- .29

-.?L

-3. 15**

-2.07*
-1.05

7.2!
593.97

0.00

2.L2

27 5.77

.2?

5. 10

420.00

0.00

1.50

195.00

.16

**
p(
p(

0.05 t.OS

0.01 t.Clt

.63

.50

0.00

-7.07**
-2.64**
-1.13

1. 96

2.57 6


