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ABSTRACT

The primary puréose of this study was to determine the onset ,of
metabolic acidosis anq determine the relatlonshm to the optimal speeds
of walking and running in terms of sex and fltness.

Forty volunteers® of a varlety of act1v1ty levels, 20 mal‘es and 20
females were subjected to three testmg sessmns. In session one, each
subject walked and ran on a motor driven treadmill at several speeds
which served to reduce anxlety assoc1ated with the treadmlll In
session two, the optimal speeds of walking and running on a level
treddmll were subjectwely determined. In addition, the steady state
oxygen consumptlon at these speeds were determined durmg a six minute
test. The percentag@ body fat was estimated by the hydrostatic method
at the conclusion of this gession. In session three, the determination
of naximal oxygenbconswnption and the onset of metabolic acidosis,
rep'resented by the mlmmum of the ventlilatory equivalent for OXygen,
was determined with the/asslstance of a Beckman Metabolic Measurement
cart. The data collected was subsequently used to divide the forty
subwcts, 1nto four groups based u\pon sex and fitness which was
rebrese-nted by thelir percentage of maximal‘ oxygen 'C.Onsumption at the
onset of metabol ic ac1d051s. |

a

The data of, the four groups was, subjected to statlstical treatment

of one and two-way analysis of variance. Significant measurenments at

-y



; Y
the 0.05 level of confidencé were subjected to a Scheffe Test.

The results indicated that: (1) _ There was no significént
differenéer in the selectio‘n of an optimal speed of walking, or the,
relatik oxygen consumption at that speed, in males and females of high
and lgw fitness'ér0ups. (2) There was 'a significant’ differepce
‘between high fit males and low fit females 1in the seleétioh of an
optimal speed of funning. (3) The speed and ,r:lelati\);e oxygen
consumétion at the onset of metabolic acidosis was stgnificantly .higheyr
in the high fitness groups than the low fitn’ess groups. (4) The ;speed
?’and relative oxygen consunption at the optimal speed of walking was

¢
slgmflcantly below the speed and relative oxygen consumption at the

. onset of metabolic “acidosis. (5) "he épeed and relatlve oxygen
consunption at the optimal soeed of .running ‘was not significantly
different from the speed and relative oxygen oonsumptlon at the onset
of metabolic acidosis 1in the high fit males or high fit females. ‘ (6)
The males' power butput was significahtly higher than the females'
pover output .

'“he prox1m1ty of optimal speeds of ranning and the onset of
netabolic acidosis suggested that the most oom.fortabl!e speed of runrrﬁ’rfg

4.
may be used as an effective training stimulus in high fit individuals

only. |
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CHAPTER

e

STATEMENT OF THE PROBLEM
e

o

Introduction
Clearly the concept of maximal oxgyen uptake (\/O2 ‘max) has
received relatively general acceptar{ée as the primary determinant of
cardiorespiravt‘ory endurance capacity (23). However, ir'mdividuals with
similar maximal oxygen uptake values often performed quite dissimilar
in an endurance event (16,56). Fndurance athléte;s, as well, have '
continued to impréve their performance in running events although
maxim'él oxygen uptake had plateauved (87). These often reported
findings suggest that measures-at\hgr than maximal oxygen uptake, may be
liportant determinants of enduran\cﬁ/péfforrﬁance.
| One such measure that had recently received a great deal of atten-
tion was the "Onset of Metabolic Acidosis" or "Anaerobic Threshold."
Much of the initial research had been carried out by Wasserman (3,54,
71,72) who defi{ned the anaeroblc phreshoid as the 6xygen oconsumpt ion or
the work intensity at whvic—h there was é significant increase 1in lactic
acid within the muscle when'ﬂ compared to 'i_ts;resﬁting.tleve‘l,_x)arious
R T
other researchers analyzed the phenomenon‘ undefrfvgthé)‘r}' t;vi't”lejsy;*; sughas,
the "Onset .o Plasma Lactate Accumwlation" (OPLA):_J?'('B»Q/);, the ;’é}s‘érobic
Threshold" (41), and- the "'Ih.reéhc;l*d of Anaerobic r\leA\téboiijs,rrl'" (“VTAM)
(69). The Jattractiveness of the meaégrement "of this phenomenon ‘was_

based upon:/ (a) Anaerobic Threshold (AT) values tend to be higher in

endurance /trained athletes compared tO their sedentary couhterparts



™

(21,44,60,77) or 1n other words, their mmset of metabolic acidosis

. o , _
occurred at a larger [raction of \(lynax; (b) endurance athletes

- oerform at some fraction of maximal oxygen consumption rather than

;na;?\ (c) individuals with high anaerobic threshold wvalues tend to
show a qreater glycogen sgaring capacity (23,66); muscle glycogen
depletion was \alwell’ recognized limitation to endurance performance
(44,48,p.38).

It has been suggested that endurance athletes verform at an oxygen
consumption or workload intensity just be low £he anaeroblc threshold
(32,40). Buch a performance paée would delay significant increaée in
lactic acid which has been shown to be a primary metabOlié factor
associated with the onset of fatigue (2,p.77). & performance pace
immediately below the onset of metabolic acidosis would optlmize

aerobic metabolism, and therefore, should enhance endurance

performance. is should hold true regardless of the 1ndividual's

level of training, optimal endurance pacq)Would just proceed the onset
of metabollc acidosis.

Anaefobic threshold studies have noted that the lower limit of the
anaerébic threshold for leg exercise of normajiihdividuals, appeared to
correspond tO an oxygen consunption needed by the typical adult to walk

" the level at a normal speed (approximately 4.0 kilometres per

hour) (16,73). This umplied that minimal  exposure to exercise, merely

walking at a comfortable pace during daily tasks, was a level beyond



which metabolic acidosis would have proceeded for these inactive
individuals.

There appearecd to be an optimal speed of wélkinq for each,
individuai at which the energy expenditure per unit distance travel led
was minimum {5,6,13;58,84,87,88). Usuall§ this optimal speed was the
freely chosen, comfértable speed for an individual, . based on optimal
step.frequency.and stride length.’ Since optimal speeds of walking have
been reported to be in the same range as speeds for the onset of

\ , -
metabolic acidosis for sedentary 1individuals, it may be that this
chosen' séeed was metabolically most comfgr?able because it was
immmediately below thé threshold for metaboliébégiaosis.

Several ‘ researchers have indirectly demonstthed that for subjects
of higher cardicrespiratory endurance capacity'(\/o2 max of approximate-
ly 55 millilitres per kilogram per ;pinute), the onset of metabolic
acidosis was generally delayed to a higher intens%gyx§eg§r, a treadmill
speed between 12 and 14 kilometres perr hour '(413:- : é&pﬁ@é&gy,with
maxlmal oxygen consumptions of very large volumes (70 - 82 millilitres
per kilogram per minute) exhibited a delayed onse£ of metabolic
; acidosis corresponding to treadmill speeds up to 17 or 18 kilometres
per hour (16).

Like the optimal spéed of walking, an optimal speed of running had

been postulated to be that at which the eneréy expenditure was minimum

per unit distance travelled (5,49,50,62). As in the case of



walking, the freely chosen speed  corresponded  to o the minunam energy

expendituare speed, or optunal speed, due to an optunal stride length,

Optimal running speed vXues in /the literature have ranged from 7.8 to
11.1 kilometres per hour tor ngrmal, and moderately active individuals
respectively (5,50,51). porhaps this optimal speed Of running was

”copcomnitant w1th‘ a  threfhold level for an  onsct of lactate
accumulation in the workinq‘muscles and blood,

Possibly the cardlorespiratory'fltncss level, as exemplified by
the traditional Vo2 max, or the oxygen consumptlon at the anaerobic
threshold may demonstrate a4 oositive relationship with elther an
optimal speed of walking or running. A high anaerobic threshold would
iiply a grea%er delaying ability for the Qnset oé metabolic acidosis to
higher work intensities and, therefore, possibly a closer relationship
te an optimal Spegd of running. Or conversely, loy_cardiorespiratory
fitmess represented by a low anaerobic threshold, and faster onset of
metabolic acidosis, might demonstrate a closér relationship to minimal
physical activity or an optimal speed of walking.

The Prgblem

If 1t could be demonstrated ‘that an individual's anacroblc
threshold level was closely related to elther h1s or her optimal speed
of walking or runninj, then, this would hnelp explain metabolically
the choice as an optimal speed. Should the relationship.of the onsct

of metabolic acidosis with an individual's optinal speed of walking or

running prove to be supstantially nigh, perhaps then, an estlmate of



anacrobic threshold values could be simplified to the determination of
the subject's optimal speed of locomot ion.

Free fatty acids were the dominant-sourée of tuel for contracting
muscles at low workloads (beléw the anaerobic threshold) (55). e
<7ptimal‘ exercis#‘ iﬁtensity prescription for the reduction of excess
adipose should,yaghérequs, be at or near the individual's anaerobic

threshold, sinc?}"beta oxidation of fatty acid fuels 1is optimized. 1If

the optimal qp?i w@fxlocomotion, whether walking or running was shown

to be below an1 i en51ty that would initiate the onset of metabolic

: Q%fge opt imal speeds could also serve as accurate

)

ebaﬁ,ﬁ$r the orescrxptlon of exercise for adipose
SO
‘\n"‘”

reduction.

Since the validity of the relative percent concept for equating
tr?iningvlntensity based on the use of a percent of maximum heart rate
as an indicator ‘of percentage maximal -oxygen consumption has been
questioned (40), perhaps a better method for equating the training
stimulus between subjects might be to equate individuals based on the
onset of the anaerobic th;eshold. , If it should res;lt that a
- dependable relationship exists between the oxygen consumption at the
anaerobic threéhold and running speed (at zero percent grade), then
running speed could be used as the equatihg variable (40). |

The purpose of this study was fo determinewthe onset of metabolic
acidosis, in men and women, and examine its relationship to the optimal

speeds of walking and runnihg relative to varying fitness levels.



LIMITATIONS OF (THE STUDY

variation 1n the calibration of  the metabolic cart and  the

treadmill speed botweer NSNS LONS.

Walking and running speeds sclected by =ach subject were 1o lact

the optimal speed for that activity.

All subjects were requested to avoid ingesting any food or
autrients for at least two hours prior to testing. The oomplete
Lnstructiéns to subjects are 1n Appendix B. The diet ot subjects
immediately prior to testing could have affected the metabolic
cost of the activitv measured due to the specific dynamic action

ot foodstuffs.

All subjects were redquested toO avoid vigorous physical activity
for at least two hours prior to testing. The vhysical activity of
the subjects immediately prior to testing could have affected the

metabol 1c cost of the activity measured.

The onset of metabollc acidosis was 1n fact at the minimun | level

of the ventilatory equivalent for oxygen.

Maximal oxygen consunption levels determined could be misleadingly
low in the unfit subjects because of their inexperience with high

levels of fitness stress.
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DELIMPTATIONS OF HE BVUDY

The study was delimited to the 20 female and 20 male voluntecer:s

that were sampled trom the Dniversity of Alborta student:s,

Compar 1sons  between the optimal speeds of walking, running, the
onset of metabolic acidosis, and maximal oxygen consumpt ion in
\ - - . .
terms of titness Jroups were baseg upon the percentage of max uaal

oxygen consumpt ion at the onset of metabolic acidosis.

DEFINITIONS

Walking: forward tinear motion of - the body accompanied by a

period of double ‘Leq support 1n every step

Running: forward linear motion “of the body - accompanied by a
period of momentary suspension in the air during every

step

Optimal Speed: the speed of walking or running which the subject
chose most naturally. This was supposedly the
speed at which the encrgy expenditure was a

minimum (5,49,50,58,89)

Metabolic cost: or net energy expenditure 1s equal to the gross
energy expenditure minus the resting or basal
enerqgy expenditure for an equivalent time period
(58) -
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walking and at the onset of metabolic acidosis in males and females of

high and low fitness.



Hypothen s
Chere 1o no stgnibicant ditberence Paoetwaseny the speedss atont tral
ranning and oato the onect ol metabolbic actdosis nomales and Peemaloess of

Nigh and low bitness.

Hypothesis b

Soperc 15 no o signitieant dif ference  between the relative  oxygen
consuption at steady atate optiumal  speed  walking and the relative
OXYygen  consunpt1on at the onset ol met abolic acidosts in malos  aned

females ol high and low {1tness.

!
!

Hypothesis 4 ]

There 15 no signiticant difference between the relative oxygen

: J/
consumption at steady state optimal speed running and the relative
oxygqen consumption at the onset of metabolic acidosis 1n males and

fomales of high and low fitness.

[9a]

Hypothes1s

~here 1s no significant Jifference 1n the proximity of the
selection of the optimal speed of running and the onset of metabolic

acldosis between the sexes and high and low f1ltness groups.

¥

typothes1s 6

There is no significant difference 1n the power output at max nal

oxygen consumption between the sexes and high and low fitness yroups.
i



CHAPTER é

REVIEW OF RCLATED LITERATURE

The fmfpose,oﬁ the review of related literature to follow was to

bring to Jate the state of research on the' topic of the onset of

. metabolic acidosis andqpiece togethef a case for its relationship with

an optimal speed of locomotion, namely walking and~running. Only those
studies deemed most pertinent for'either esﬁab%éehing or refuting‘spch
a relatibnship were‘selected.v Collateral studies were also discussed
when their findings-were of’significance to the’present problem under

study.

The topicalesequence_follOwed-in this chapter on the literéture

relating to the foregoing questions was: ™

(1) The Concept, of Anaerobic,Threshold

(2) Detecting the Onset of Metabolic Ac1d051s via Gas Exchange
Parameters

(3) An Analysis of an Optimal Speed of Walking
(4) An Analysis of an Optimal Speed of Running

(5) Sex Differences Related to the Metabollc Cost of Walklng and
' Running .

(6) The Onset of Metaboilc Ac1d051s, Endurance Performance .and
an Optlmum Pace :

(7) AOptlmal Speeds of Walking and Running and the Speeds Assoc1—
ated with the Onset of Metabolic Acidosis

(8) Summaryvand Critique of Literature



treadmill, the ventilatory and circulatory systems begin to respond to

THE CONCEPT OF ANAEROBIC THRESHQLD

If dynamic exercise begins at a very low intensity, such as zero-

watgs on a bicycle ergometer, or the lowest speed of a motor driven

L,

the above resting value energy demands of the exercising muscle and
correspondingly‘tﬁe oxygen consumption increases. At the onset of low
igtensities of exercise this‘initially elevated éxygen oonsumption acts
in concert with.stored phosphogens and oxymyoglobin to meet the initial
demands of the exercising muscle. This energy is provided almost
exclusivély from the high eﬁergy‘ phosphates, adenosine »triphosphatél
(ATP) and creative.phosphate~(cﬁ), via Ehe alactic sysfen within the
specific muscles and activated with exercisef |

With increasing gevels of low intensity exercise, a greater amount

. A . ) X
of oxygen was extracted by the tissues resulting in more carbon dioxide

. being produced and expired. After the first few minutes of exercise,

~ of low intensity; increasing amounts of free fatty acids were released

- 1nto the circulation and transported to the working muscles and became

» -

the dominant source of fuel for contracting miscle at low workloads

3

(55).l Since little or no blood lactate was forméd and values of 0.70
to 0.8Q for the respiratory quotient were found during this low

intensity exercise there was little doubt that this, initial phase of

~dynamic progressive exercise primarily involved aerobic metabolism

(66) .

This increased availability and utilization.of free fatty acids



nas been reported to have an inhibitdry effect' -on glycolysis by
production of cltrate, an accumulatioﬁf of which, 1nhibits pyruvate
oxidation of glycolysis (4,25). = If 'there"was indeedv glycoiytic
inhibition by free fatty acid metabolism, there;should have been little?
lactate produced,. and any that was, shouldb have been oxildized to
pyruvate dué'to the l—lactate dehydrogenase (M-LDH) 1soenzyme pattern
of the preferentially recruited slow twitch fibres (Type I) during‘low
. intensity exefcise (41,65).

As the intensity increased more muscle fibres, Tyve I and possibly
some Type II (fast twitch) were re?ruited. T™is produced a greatér
need for, and utilizafion of, ATP and correspondingly an increasg in
,the concentration of . adenosine diphosphate (AD?),\ adenosine
monophosphate (AMP),‘and free ohosphate 1oné (Pi). An accumulation @ﬁ
these metabolites Teleased the inhibitory effect of citrate on
bhosphofnuctokinase (PFK), the raﬁe—limiting enzyme in glycolysis (78),
enhancing ~carbohydrate glycolysis and increasing the production of
pyruvate (55).

Since free Hfatty acid oxidation was likely still high, some
inhibition of pyruvate oxidation would still be bresent; As a result
there would be aa imbalance between pyruvate oroduction. and pyruvate
oxidatiOn; with Somé of the pyruvate ?eing reddbed to~lactate/(40;4l,
70,76) . A‘slight rise in blood lactate to about 2 millimoleg'per litre
of blood was aetectable at this point, and thus,‘appeared to be due to

excess pyruvate and not, to the hypoxia of anaeroblic metabolism, since

<



mitochondrial nicotinamide dinucleotide (NAD) lévels indicated adequate
oxygenation (66).

. Exercise intensities beyond this threshold that 1illicited an
initial rise in”blood lactate aBove resting levels, necessitated even
greater recruitment of Type II fuscle fibres, and an iﬁcregsed demand
for ATP that could no lohger be met almost entirely throﬁgh aerobic
metabolism. In.order to continue exercisiqg ét the same intensity, ATP
productioh must have been increasingly’ channeled through anaerobic
metabolic pathwéys; Anaerobic.glycolysis resulfed in energy production
of a very high rate to maintain performance, but, since the oxygen
supply cannot meet thelhigh demand, exce:s pyruvate was convefted to
lactate 'to regenerate reduced nicotinamide dinucleotide (NAD') so
that glycélysis could continue.

The 1necreased production of lactate, 3s-a result of workloads of
increasing intensity, ‘eventually limited zufﬁher work and muscular
fatique and exhaustion ultimately resulted.

| The oxygeh consumption or work intensity at which there; vas a
signifigant increase in lactic acid within the muscle when compared to
its resting levels, has been termed the "Anaerobic Threshold" (54).
Since it has been reliably shown that the initial production of lactate
during dynamic exer¢ise was not a function ofv increased anaerobic
glycolysis creating muscle hypoxia, but rather, an imbalance Eetween

the rate of pyruvate production and its rate of utilization via the

citric acid cycle (40,41,70,76), the term anaerobic threshold was



h
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musléadinq./ This phenomenon has been alternately termed by Weltman et

al. (76) as\the "Onset of Metabolic Acidosis",ﬂwhile Kinderman et al.

(41) havé suggested the "aerobic Threshold" as a suitable replacement.

Several Germar research groups (41145) have deemed the term "anaerobic
A : -

threshold" more appropriate to the sharp rise in lactate frqm a level

of about 4 nillimoles per litre of blood, a decrease in the fractional

in'e

expliration of carbon diox1de ,d:up R ), and a marked hypefventilation

L

(41). They see this levei as ‘a transitlon to the pFedominance of
anaerobic metabolism utilizing carbohydrate fuel. | |
To maintain consistency only the term "onset of metaboiic
‘acidosis" (formerly the anaeroblc threshold) was used to describe the
workload or the oxygen consumption just below Whiéh there was a non-
linear increase in the carbon dioxide pfoduction, respiratofy exéhanqe
ratio, and ventilation volume plus a rise in blood lactate to
approximately 2 millimoles per litre of blood during an incremental
work test (76,775. It should be noted that the above changes in the

gas exchange parameters were transient and occurred only while lactic

14

acid ooncentration was increasing and the bicarbonate concentration was

decreasing.

DETECTING THE ONSET OF .METABOLIC ACIDOSIS VIA GAS EXCHANGE PARAMETLERS

In some way ventilation rate must be geared to metabolic demands.

If ventilation was not adequate, the high rate of carbon dioxide



s é“z

production would resgﬁt in severe acidosis with bssociated disturbances
in cell function. On the other hand, if ventilation increased out of

proportion to metabolism, alkalosis would result.

Naimark et al. (54) and Wasserman et al. (72) demonstrated that

-

the point at which lactic acid was beginning to accumulate within the

15

muscle could be reflected by several changes in gas exchange

parameters. The most commonly utilized parameters of gas exchange have

peen non-llnear 1ncreases in minute ventilation, expilred carbon

dioxide, and the respiratory exchange ratio. The introduction of

reliable rapidly responding oOxygen anal?Zers and on-line computer
processing have enabled the computation and visualization of the onset
of metabolic acidosis as it occurred during a performance test (3,73).
Other ventilatory approaches to the measurement Of the onset of
metabolic acidosis included a decrease in end-tidal oxygen (PETOZ)
tension without a cqncomipant change in end-tidal carbon dioxide
(PETCOZJ tension (73) or the detéction of an increased fraction of
‘expired éxygen (FEOz) (22). Each of these were manifestations of a
non-linear rise ‘in minute ventilation (VE)‘(22,73).

In comparison with‘invasivevnethods which provide considerable
: diséomfort to subjects, the detection of the Honset of metabolic
acidosis via gas exchanéé¥§érameters is virtually painless. The more
painful of the invasive metheds is the neasuremeng 6f muscle lactate

from biopsy specimens taken repeatedly during exercise for comparison

with resting levels (65). A second more common lnvasive method,



involves repeated bloxl sampling for the detection of changes 1n blood
lactate concentration, bicarbonate concentration, and pH. The onset of
metabolic acidosis being represented by an increase in bicarbonate
concentration and a drop in pil (15,16,21,32,60).

The non-invasive analysis Of the course of the ventilatory
equivalent, with progressive intensity exercise, was a recent measure
of the onset of metabolic acidosis (23,24,59). The ventilation
equivalent has been defined by the . ratio of minute ventilation to
oXygen consumption (’VE/VO?) or \/EO2 which "was an index for the
economics of breathing in relation to oxygen uptake (59). An increase
of the ventilatory equivalent of oxyyen from its minim;m was always the
‘result of é hypervenpilation with' respect to oxygen uptake and
represented the onset of metabolic acidosis (595. A systematic
“increase in the ventilatory equivélént for'oxygen without an 1increase
iﬁ the ventilatory equivalént for car5on dioxide was a qualified method
to recognize a hyperventilation due to metapolic acidosis.

The validity of detecting the onset of metabolic acidosis via gas
exchange paraneters has been extensively studied utilizing changes in
blood parameters as a_gfiterion measurement for evaluation. tabmark et
al. (54) compared the changes 1n the respiratory exchange ratio with
changes 1n ’arterial plasma  bicarbonate oncentration ‘through
regressional analysis and obtained a correlation coefficient of
r = 0.98 which was highly significant. Similarly, pavis et al. (22)

obtained a significant regression coefficient of r = 0.95 when the

16
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onset of metabolic acidosis, determined by an abrupt increase In venous
lactate (to approximately 2 mmol/litre) was plotted versus non-linear
inéfééééé‘ in minute ventilation, expired carbon dioxide, and the
p S ,
respiratory exchange ratio. Of the three gas exchange parameters, the
best single ﬁeasure for detecting the onset of metabolic acidosis was
minilte ventilation while the least specific was the respiratory
exchanqel ratio. The -inaccuracies associated with the use of the
resplratory 'exchaage ratio (R) as an indicator of the onset of
metabolic acidbsis are well establiShed (15,71,72,75), therefore it is
seldom used singularly. ,
The validity of the use of the venﬁilatory equivalent for oxygen
(\@/V02)°in partiéulaf has been examined by several investigators (23,
59,74). reinhard et al. (59) reported a correlation coefficient of
r = 0.94 between the determination of the onset of metabolic acidosis
by means of computer assisted on-line ergospirometry for VIB,/VO2 and
capillary lactate and blood- gas analysis at one minute intervals during
an incremental exercise test. Al though other in&estigators have
utilized the ventilatory equivalent for oxygen in oontrast with blood
lactate measurements, they have not reported the correlation found:
between these measures. They did however report that the detéfmination
of the onset of metabolic acidosis via the minimum of VE/NO, of an'c
incremental; dynamic, exercise test wasb"both an established criteria

and valid method" (24,43,74).



Several investigators have examined the reliability of detecting
the onset of metablic acidosis usingIQas éxchanqe pnrémeters with test-
retest protocols. Farly researchers (54,72) reported that the gas
axchange measures were hidhly reproducible by test-retest procedures
although no values were glven for the oorrelation wefficients. Later
research, Davi§ ot al. (22) obtained reliability coe[ficients of
r = 0.77, r = 0.74, and r = 0.72 tor dJdetectiny the onset of metabollic

acidosis via gas exchange paraneters during arm cranking, leg cycling

and .treadmill walking respectively. " Although  statistically
slgnificant, they were only moderately high correlations. The
investigators provided the explanation in that: (a) there were non-

linear increases in oxygen consumption for some of the work rate
Lﬁcrements which occurred most frequently during treadmill walking,
likely due to a mechanical inefficiency at particular speeds and grades
and (b) a possibie release of lactate momentarily as the work rate was
being increased, particularly as the exercise intensity approéched the
threshold value. Together thesé factors may have been attributable fo
the spurious estimates of the onset of metabolic acidosis.

In a further study by Davis et al. (23) utilizing the ventilatory
equivaleqt for oxygen to detect the onset of metabolic acldosis,
reliability coefficients of r = 0.91 were obtained both prior to and

following nine weeks of training to alter the threshold levels.



In sumnary, from the discussion above, it was apparent that the
detection of the onset of metabolic acidosis using gas c¢xchange
narameters  1n general, and the ventilatory equivalent for oxygen

(VII/VOZ) in particular, was both valid and reliable.

AN ANALYSIS OF AN OPTIMAL SPEED OF WALKING

The relat_lonship between the spéed of walking and its metabolic
cost have been generally viewed as curvilinear (5,6,13,17,29,58,84,87,
88) though consensus did not entirely exist (8,26,31,51). ‘0Of those
researchers that have described the relationship as curvilinear each
had derived a unique regression equation fér predicting the net
metabolic cost of walking as well as a unique optimal speed. In
general, a hyperbolic curve was produced with the net energy
expenditure per unit distance travelled plotted against the speed of
walking, thus indicating that, there existed an optimal speed at which
the energy expenditure per unit distancé travelled was minimum.

" Ralston (58) and more recently Bhambhani (5) and Zarrugh and
Radcliffe (88) have demonétﬁated that the optimal speed of walking
varied between individuals. The optimal speed was usually at or near
the speed which the subject chose 'naturally' or which he or she sub-

jectively regarded as 'most comfortable.' ‘The actual optimal speeds
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that  have  been oresented i the Litorature  have  varied o from
approximatoely 65 metres per ainute to #5 metres per o minute or 3.9 to

5.1 kilometres per hour (5).

Al AALYSIS OF Al OPTIMAL SPRED OF RUNITING

Al though research analyzing the relationship between the metabollc
cost and speed of running have rended to describe the relationship as
1l 1near (11,13;31,45,49,51,63,86) additional research have described the
relationship as curvilinear (34,42,61).

necent research studies indicated that the relationship between
the metabolic cost and speed of running was relatively linear, as most
recent researchers aﬁvocated, this implied that an optimal running
speed based on a speed of minimum energy expenditure oould not have
ex1stéd. However, Mayhew (49) claimed that there was an optimal speed
of running at which the cnergy expended per unit distance travelled Qas
ailnimum. When ﬁhe.énetqy cost per kilogram body weight per Xilometre
of distahce run was plotted against running speeds between 8 Kilometres
pver hour and 18 xilometres per hour two regressional lines that
intersected at é speed of 1l.l1 kilometres per houf (185 metres per

jo

minute) resulted, which he claimed was the optimal running speed. A

later study by the ‘same investijator (50) compared the oxygen cost and

enorgy  requirement of running in trained and untrained males and




fomales tound that the (iitffnwgnéé in energy cost’ between tralned and
untrained groups of each sex was least at 180 metres per minutc:

noth Hogberdg (38) and Knuttgen (42) demonstrated that for each
running speed, there was a step length at thch the enerqy expenditure
was minimum. This optimal step length varied between individugls and
was usually the one which the subject chose most 'freely or naturally.'
5ince running speed is gilven by the product of the step length and step
rate or frequency, it 1s, therefore, not.surprisinq that Ma&hew (50,51)
and others (5,62) have suggested an optimal speed. rlliot et al. (28)
examined' the freely chosen stride length and stride rate changes while
running on a treadmill at four graded velocities and found that the

adoption of an optimal rate and length of stride may be crucial in

increasing recreational running efficiency.

SEX DIFFERENCES RELATED TO THE METABOLIC COST OF WALKING AND RUMNING

pPrevious studies have tended to detect no statisﬁical difference
between the sexes 1n the gross metabolic cost of wélking (27,58,87).
Blessy et al. (6) and Bhamphani (5) were unaple to detect any
difference in either the gross or the net metabolic cost of walking.
The net cost being determined by the subtraction of the energy cost of

mere standing from the gross energy cost of walking. Contrary findings
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loaned tovards o slightly greater gross energy oxpenditare by males
when walking a unit distance (10, 3% .

Falls and Humphrey (31) were unable todetret ‘my' real ditterence
Lotween  the sexes  1n the net  netabolic cost ot bhoth - walling  and
canning. Howley and Glover (39) as well as Br ndstord and Howley (L)
presented o third option, that the metabolic cost of  walking  and
Funning a untt distance was  greater  in females  than males, Both
rescarch groups found that the soxual Jdifferences in net metabolic cost
was more  accentuated wnile  running. Bhambhant  (5)  dJdemonstrated
similar greater gross and net znotak‘xnic cost 1n females than 1n males
running a unit Jdistance.

The greater average relative body tatness (p@fcent fat) of temales
compare?‘d with males has been mentioned as. one  factor re:sgx;nsxbl& for

the sex difference 1n runnlng gxer\{ormance. mxenss body  fatness

|
i

decreased verformance in relatively orolonged, welght bearing work such
45 distance running by increasing the body welght and, therefore, the
encryy required to nerform any given level Of worts wilthout contributing
to the wovody's energy producing capacity. The consedquence  being,
maxinal oxygen consumption was elicited at a ‘lower rate of work, and
the pace that could be maintained for a glven period of time was
reduced (19).

Cureton et al. (19) attempted to directly study and quantify the
vxtent to which the difference 1n performance between men and wouen 1n

Jjistance running was related to the sex ditference 1in Dercent fat.



PRased  on data trom normal male and temale colloge studemts 1t was

custinated that approximately Oh percent of  the mean sexo ditterence in

portormance on a Ll =nmnate ran was related to o the mean sex 1lxr‘1"(‘z"<‘mrn
tn pereent fat,

A latoer study, also headed by Cureton (20), used the addition ot
oxternal woerght to the baodies ol males, to anvestigate the extent to

which differenced totween adult male and female runners, in distance
running performance, and metabolilc responses to r'unnmq‘, were duch to
the sex Jdifferences in excess body welght.  fquating the percentage of
excess body weight of the groups of male and female runners reduced the
sex ditference i1n treadmill run time and 12-minute run performance by
approximately 30 percent. The primary metabolic consequence of  the
‘gredter s;ex-—sspectiti(; percentage of fat of women was to increase the
energy  required to run at oany given speed, without contributing to
their energy-producing capacity (20). Running at any given submaximal

sveed, therefore, required a greater percentage of the maximal oxygen

consumption of women and produced areater physliological stress.

D



THE ONSET OF METABOLIC ACEDOSIS, ENDURANCE AND AN OPTIMUM PACE

It had become apparent that the level of an athlete's onset of
metabolic acidosis was  a very critical Eactor in determining  his

&
potential for orolonged ohy51cal eXerc1se. It was also ev1dent from a

1limited number of studles, that"the onset level could be eltvated

through training (23;36) and - that successful long—dlsWance athletes

have SLgnlflcantly higher onset of metabol ic acidosis levels than did
‘normal individuals (16, 32 69) .« ‘oThe onset of metabollc .acidosis
occurred at apprOXLmately 4555 percent of maximal oxygen consumptlon
in' the untralned subject (22,23,40,59,73,76,77), at approx1mately 60-75
percent in the physically actlve ron—endurance athlete (37, 53) and 1n
ome lnstances, in - excess of 85 percent of VO max in the highly
"tralned endurance athlete (16,32,60,99) .
The relatlonshlp between maximal -oxygen uptake and the onset of

metabolic acidosis- has been evaluated by .several researchers. A

positive relatlonshlp was -well established, but, correlation

- coeff1c1ents have ranged widely (r = 0.52 to r = 0.85) (20,77).

:Although 1nd1v1duals who' had a high maximal oxygen uptake value would-

likely have had. a later _onset of metabolic acidosis relative to a

percentage of their max imun oxygen uptake, this relationship was only
fair (76). - This in part could have explained the finding that

individuals with similar maximal oxygen consumption performed quite
) . .



)
differently during an endurance event (16).

The inOiscriminate use of the max imal oxygen consump.tion concept
in preVious research has been questloned (40) . The ef fects of physical
‘ training are orobably evident in subtle internal cellular adaptations
which may or ma/ not be manifested in gross changes in the VO max. In
this respect, since the onset /f metabolic ac1dOSis is likely a reflec—

~

tion of intracellular @Ctl\]'l_

b /'/

viewed as a valid criterion variable with which to compare improvements

the onset of metabolic aCldOSlS may be
through training (4/10),'./
Weltiﬁan et a_l". (76) evaluated the use of the onset of metabolic
4 o .
acidosis as compared with VO2 max when evaluating metabolic responses

to submaximum exercise. - Through the analys'is of both submaximum and

.. . ) K‘ ,;,",'..
maximum exercise responses of 33 females, it was concluded that“w};,lrle

\/02 max was an accepted criterion for maximum: cardiorespiratory

fitness, and did provide some information about submaximum fitness
levels, it was suggested that, regardless of an indiVidual s VO max,
the onset of metabolic aCldOSlS may also be used when evaluating sub-
max imumn fitness.

Several studies have attempted to determine the ocn_t-ribution of
- maximal oxygen uctake, ‘running economy, and lactic acid accumulation to

distance running ‘success. Costill et al. (1l6) analyzed the responses

25

of l6 highly trained yunners by venous blocd sampling irmediately after

5%
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10 ninute 5ubmaxunal runs on the treadmill at 214, 241, or 268 metres
per minute. .They found that lactic acid accumulation was dlrectly Dro-
portional to thelr initial fitness rankings based upon thelr previous
best 10 mile times. Fach subject crossed thelr threshold for the onset
Qf‘metabolip ac1d0515, if 2 mmol/litre of ldctate per lltre is used as
“‘the threshold (41,66), in the same order of ln;tial fitness ranking.
rarrel et al. (32)-analvzed the idea that runners set a race pace

which closely approx1mat?d the running veloc1tv at which lactate began

to accunulate in.the plasma by studying the metabolic data of 18 male,

experience distance athletes. A series of eight, 10 minute steady'

state runs, were verformed on a treadmill, at speeds betneen 214 and
322‘metres per minute, with venous blood_sampled within 30 seconds of
each run. Maximal oxygen‘uptake was also determined on tﬁo separnte
]
nCcaslons. The onset of plasma lactate accunulation (OPLA) was defined
as an accunulation . of " lactate, which had increased toﬁfthat
concentration, which overcane the gradient between iuscle and bloyi,
réther than the onset of anaeroblg metabolism (32). All subjects, 1n

addition to the submaxinum treadmill runs, were compared at actual race

pefformance distances of 3.2, 9.7, 15, and 19.3 kilometres, and

® thirteen of the subjects at the marathon distance. Tt was fournd that

the ‘strongest relationship between any = single variable that was

measured, and the actual race per formance data,. was that of’ the

S/
¢



accunulation. This relationship existed at all race distances and

27

‘ treadmill velocity corresponding to the onset of plasma lactate

showed correlation coefficients equal to, or in excess of r = 0.91.°

The mean dif ference between the ‘treadmill velocity oorrésponding to the

OPLA and the marathon pace was a mere 8 + 5.3 metres per minute., It

dy

seemed that, regardless of the competitive level, the highly trz’ained
endurance athlete could maintain an average velocity during a marathon
which was E)nly slightly above his OPLA velocity (32).

pDaniels et al. (21) analyzed the lactate accumulation in runners
and non—ruﬁners durincj:‘steady state exercise at a predetemiri%égi work-
load just above the onset of metapolic acidosis. They found that, not
only had training delayéd the onset of blood lactate accumulation, as a

function of exercise i‘ntensity, but it had also accounted. for the

decreas .in the initially elevated blood lactate that.had occurred
Bteady state exercise at these workloads. This led themj to
suggest tﬁat the accunulation of venous lactate was to some extent
rever\sible-y during steady state exercise in the trained individual.

The contribution:. of the onset ‘Of metabolic acidosis and maximal
ox%gen consumption 1in cross country skiers has also been studied.
Rusko et al. (60) attempted to investigate these oarameters as well as
thé contribution of muscle enzymes and fibre compositions 1in young

3
female skiers. The onset of metabolic acidosis was determined both by



blood lactate samples and a Jeparture from linearity 1in the Vi and COZ
responses. Muscle biopsy of the medial vastus lateral 1s was use'd to
classify slow and fast twitch fibres and the enzymes; succinate
dehydrogenése (St , ma_late de;hydrogenase (MDI1), citrate synthase (CS),
and lactéte dehydrogenase  (LDH) . The onset of metabolic acidosis
occurred at approximately 85 percent of, maximal oOxygen oonsumption ih
these fifteen highly tréined young skiers. Muscle biopsy analysis
determined a 60 percent slow twitch nature of the fibres sampled from
the medial vastus lateralis. The percentage of slow twitch. fibres,
however, showed no significant correlation with the skiefs' maximai
oxygen uptake values oOTr the' onéet of metabolic acidosis, whether
expreséed as a percentage of maximal oxygen uptake"or as absolute
litres of oxygen consuned. . Of the enzymes- examined, bot}’ﬁy the
activities of succinate dehydrogenase, and citrate Synthase correlated
siqnificantly with the *nset of metabolic acidosis. The results
obtained seemed to support the hypd vnv %15 that, the submax Laum  or
prolonged work capacity near the onset of Netabolic acidosis hight have
been related to the oxldatlve capaciﬁy of the muscles, whereas, the
maximal \ong.en‘ consumption ‘might more likely have been related to
central or local factors of circulation (60). low lactate
dehydrogenase activity wasl associated with a greater delayed onset of‘

metabol ic acidosis 1in these subjects which may 1indicate that, the

o
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ability to keep the blood lactate concentration at a low level might
also "have 'been' related to the capacity of tﬁe muscles to produce
lactate.

Contrary to the results of Rusko (60), Green et alj (37) found no

significant correlation between fibre type distributions of ten active

college males and the onset of metabolic acidosis. MNeither did they

_find a statistically significant ocorrelation between succinaté

dehydrogenase enzymatic activity-and the onset of metabolic ‘acidosis.

The claim that long distance athletes set a race pace which

closely approximated an intensity near that which would onset metabolic

acidosis appeared reasonably well substantiated (16,32,60,69).
However, analysis of endurance performances of shorter duration, such
as those of middle distance runners, and the significance of the onset
of metabolic acidosis in the outcome, was limite&g Afiyoshi et al, (l)
attempted to examined thé physiologica; basis of the gradual decrease
of speed pattern of pacing of many middle distance athletes. From the
physiological point of view, it would have seemed that the most logical
tactic of pacingifor a middle distance competitor would have.been the

adoption of a relatively uniform pace throughout most of the race; this

would correspond to the fraction of the maximal oxygen oconsumption

‘realizable without lactate accumulation, and anaerobic activity would

be reserved for the final sprint as the finishing tape was approached.

)
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Contrary to this moﬁ%L view, the results of elght male middle .distance
runners Jdemonstrated that a gradual decrease of speed pattern of pacLng
. . 5 ,

used appreciably less total oxygen than a steady or a gradual increase
~f speed pattern of . running for a distance of 1400 metres in 4 minutes
(L. Nh%%e it made empirical sense to operate at a fixed percentage of
maximnal Lbad throughout a race, such a concept nust allow for the
possibility of "drift" In physioloqical limits associated with fatigue;
and if a runner was to maintain a onstant level of body stress, he
must of necessity make a gradual reduction of running speed (1). In
other words, in order to maintain a steady physiological pacé'it nay

nave been necessary to reduce the pace.

OPTIMAL SPEEDS OF WALKING AND RUNNINC AND THE SPLEDS ASSOCIATED WITH

THE ONSET OF METABOLIC ACIDOSIS

o

The optimal speeds of walking that have been generated‘by NUMErous
researchers (5,6,13,29,58,84,87,88)'have varied from approximately 65
metres per minute to 85 metres per minute or 3.9’to 5.1 kilometres per
hour. The optimal speed Of walking being that speed at which the
energy expenditure per unit distance travelled was minimum. This speed"
was usually the most comfortable speed for a subject due to‘an'optimal

step frequency.
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e lower limit for normél individuals of either sex, and all age
groups tested, for the onset of metabolic aC%dosis appeared to be the
same (22,73). This lower limit was equivalent t{ an oxygen consump-
tion of approximately 1.0 litre per minute: the oxygen uptake needed by
the typical adult to walk at a normél speed (4.0 kilometres per. hour)
on the level (73). In other words, an exercise ' intensity beyond a
comfortable walk, for these least active indi§1duals, would have
crossed tﬁe threshold for the onset of metabolic acidosis. Wasserman
et al. (71) also reported that patients with functiona%ly significant
heart disease could not exercise to the level of - oxygen uptake
necessary for walking at @.nnderate pace without developing a metabol ic
acidosis.

The optimal speed of running, primarily advocated by Mayhew
(50,51), nas been localized near 185 metres per minute or ll:l kilo—
metres per hour for both sexes. Bhambhani (5) found that the most
comfoftaple running spéeds chosen varied between 130 and 181 metres per
minute for male and female university students. M

The speeds that corresponded to an onset of nefabolic acidosis
nave varied in relation to aercbic training levels. Kinderman et al.
(41) demonstrated that Cross couhtry ski subjects, of mederately high
cardlorespiratory endurance <:apaéity‘ (VO2 max of approxhﬁately 55

ml/kg/min) delayed the onset of metabolic acidosis corresponding t&
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treadmill velocities between 12 to‘l4 kilometres per minute, with the
grade of the treadmill at 5 deqrees. Volkov et al. (69) determined the
running speed corresponding to the "threshold of anacrobile netabol psm”
cnaracterized by an abrupt increase 1n arterial blood lactate above
resting levels. Subjects that had trained at Jitferent intensities and
frequencies, similarly, exhibited cansiderable differences in the speed
necessary to Initiate lactic acidosis. These critical Speéds varied:‘
from 156 to 204 metres per minute or 9.4 to 12.3 kilometres per hout
‘or these experienced middle .distance runners. fighly trained
endurance athletes, such as the sixteen competitlve runners studied by
Costill et al. (16), exhibited maximal oxygen uptakes of very large
o .
volumes (70 £o 82 ml/kg/min), delayed the onset of metabolic acidosis
Jp to treadmill speeds of 300 metres per minute or 18 kilometres per
hour.

Severai studles have noted that _the exercise intensity .level
associated with the onset of metabolic acidosis was a highly eftective
predictor of athletic performance time for endurance events (l6,32).
Katch et al. (40) as weiz‘as other researchers (41,44,66), have stated
that theoretically training at Lntensitiés e low or abo;e the cnset‘of
metabolic acidosls should result in different’physiological changes.
Intensities below this level should see fat as the priF fuel

substrate, and above this level would develop greater changes 1in

cardiorespiratory parameters. These postulates were in agreement with



the view of Kinderman et al, (41) who advocated that work load
intensities necessary to reach the onset of metaboiic acidosi$ are
usually sufficient for physicial aCtivity in : prevention and
rehabifitation, but in many cases high intensities are required for

endurance training of athletes.

SUMMARY AND CRITIQUE OF LITERATURE

e~

The onset of metabolic acidosis has. been defined as the oxygen
consumption, or work intensity, at which there was a significant
increase in lactic acid within the muscle, when compared to its resting
levels; Since it has been reliabiy shown that this phenomenon was not
1 function of increased anaerobic glycolysis creating muscle hypoxia
(40,70), but rather an inbalance between the rate of pyruvate
production, and its rate of utilizétion via the citric acid cycle, the
initial description as an "anaerébic threshold" (55) or "threshold of
anaerobic metabolism" (69) was .inappropriate. The valid*ty and reli-
ability of detecting this onset of metabolic acidosis via gas exchange
paraﬁeters was not clarified by many of the early reports since
stringent statistical analyses were not applied, however, numerous re-
cent reseérchers have clearly substantiated these methods. One of the
important drawbacks of the present state of literature has been that no

standard protocol has been devised for detecting the onset of metabolic



acudosis via o gas exchange easures, elther on o the treacmill, or the
bicycle ergometer. 1t may have been that the various test vrotocol s,
ased 1n a variety of studles, may have in themselves alfected the
accuracy of detecting the onset of metabolic acidosis. Wasserman et
i1, (73) demonstrated that perhaps the wlmpact of a variety o[. test
protocdls may have been mininal, They used two test protocols, in
both, ﬁhe initial work rate consisted of pedalling on a bicycle
ergometer at zero watts for four minutes tollowed by increments of 25
watts (150 KPM/min) at regular intervals. In one case, the Increments
were made every minute while in the other they were mnade cvery four
minutes. Although their results indicated that the magnitudes of the
lactate increase and the blcarbonate decrease were less for the oOne
mlnute increment test, the point at which the onset of metabolilc
scidosis was detected was the same for both tests. The role of muscle
fibre types and the activities of various enzymes’ assoclation wilth
aerobic or anaerobic metabolism in the onset of metabolic acidosis was
as yet unclear (37,60).

The minimum thresholds found for the onset of metabollc acidosis
have appeared to correspond to the oxygen consumption necessafy to walk
at a comfortable pace (22,73). The most mmfortabl‘e walking pace nhas
been shown to be at or near the oMgimal speed based upon minunum energy
expendliture (5).

The exercilse 1ntensity necessf_a}"y\ for an onset of metabolic

acidosis appeared to be to some deyreé related to the indi@jﬁé’f's

'\‘J .
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degree of  training.  The most highly fit, cardiorespiratory max imal
oxygen uptake 1n excess of 70 ml/Kg/min, seemed to delay the onset Of
metabolic acidosis to high levels of exercise intensity (16,32). The
most comfortable speeds of running found in the literature, appeared to
correspond, to some extent, with the speeds found for the onset of
nmetabolic acidosis of subjects of varying degrees of training. It al so
appeared that long distance athletes tended to perform at a race pace
which closely approximated the running velocity at which lactate wolld
have began to éccumulate in their blood Plasma (16,32,60). Should a
dependable relat;onship exist between the onset of metabolic acidosis
and the most comfortable speed of locomotion, eithér walking or
running, then the most comfortable speed could be used in the
prescription of exercise intenéity for welght reduction or athletic

training.



(“l AT ’AI"I i ’%
MO AN PROCEDURES
Sample Selection

A total of 40 subnects, 20 males and 20 fomales volunteered to

i ) rd
tane part 1n thits st uddy . All subjects were Untversity of  Alberta
students from a variety of faculties. e sample population was

subsequent 1y divided 1nto four qgroups of ten, basaed on f1tness level,

mhe Reckman Metabol Lo Measurement Cart

’I‘hié system has been desianed to facilitate rapild assessment oOf
respiratory and metabolic paraneters ot at rest and during exercilse.
priefly, the use of the Bf;"c‘runan Cart in this study was as f[ollows:

. \

Fach subject was connected to the Cart with a three way high=
veloclity Hans—;’ludol‘ph non-rebreathing  valve and mouthpilece which
permitted, through open clrcuit spirometry, the inhalation of atmo-
spheric alr and exnalation through low rQSl:;thu tubingy 1nto the
analyzing aésembly of the Beckman Motabol ic Measurement Cart (8l). A
low resistance high-velocity, volune transducer provided an accunula-
tion measure of expired ‘air volume cver 30 second intervals. Al 1quot
sanples of the expired alr was analyzed for percent carbon dioxide and
oxygjen, using a Beckman LB-2 COé analyzer and DBeciman -om-11 O
analyzer respectively. e associated  programmable calculator
overseeing the operation of the measurement cycles, performad all
required calculations and printed the following daﬁa: “VE, ml{Tin BIPS;

’VOz, ml/min and ml/kg/min STPD;  COp, ml/min STPD; and respiratory

~" . ‘36‘
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cxchange rat1o, as well as nput data every 30 e e,
' L 3

Parther detanls reqarding this system and 1t avarlable progrouns
. 1
are available in the article by Wilmore ot al (31).

P e

calibration of the Beckman Metabol 1e Measurement Cart

-

At the beginning ol each testing session that this Systém swas
o

q’ ,,
. - A ;l |
to be used, it was calibrated tor volume, partial pressures of «‘.5;;xy§;en.-.'
) . #T,

‘F

and carbon dioxlde, barometric pressure and  temperature ‘JCCOF‘{WW;I? tO-
* i

Standards recommended in the manual - supplicd with the nstrdmedt « sof o

to ensure accurate measurements. o oo T
b T
Prior to each measurement on a subject, the system:Was cal ibrated
using a mixture of 17.55% oxyyen and 2.99% carbon dioxide calibration

N

gas. Following each measurement on subject, the system was recali-

hrated to check for the reliability of the measurements.

Testing Procedures :
]

Testing wag-carried out over A veriod of 8 weeks duringgwhich - time
ll >

cach subject attended three testing SeSS 1C

at the same time of day and as close toget

days) . rach subject was instructed to avold vigorous physical
activity and 1ngesting any foods or nutrients for at least two Iours
brior to each testing session. The complete Lnstructions to the

subjects are available i1n Apoendix B.

L -
5. 5Sessions Mew,cheduled o

ﬁr as possible (mean = ,5s87 A




Se551on 1

Treadmlll Famlllarlgz o

38

ths Elrst visit to the laboratory served as a familiarity session

_for each Subject. Since many subjects had not walked or run on a motor
driven treadmill before, this experience was provided, prior to the
actual test;ng sroper.  Each ~abject walked and“ran‘on the tteadmill at
several spéecs hich seryed to reduce an*iety associated with the

treadmill.

Session 2:

Determination of tre Optimal Speeds of Walking and Running

{f:he purpose of Ll session was threefold: (a) to determine the

optimél speed of walking; (b) the optimal'speed of running, as well as,

¢) the steady state oxygen consumption at these speeds.

(a) Optlmal Speed of walking :?

As a precautlonary measure, the subject was connected w1th with a

set of electrodes and cardiotachometer (Cardionics AB, Stockholm) SO

that heart rate could be monitored throughout the testing session. The

)

¥ . , i
held constant at: zero degrees.  The subject stepped on to the treads
mllL and at their direction, the speed was gradually increased. unt1l

the comfortable pace was obtained. The treadmill speed was then

ensure that the speed selected wasgin fact the most ocomfortable speed.

N

notof driven treadmill was started at its slowest speed with the grade

2. and decreased several times above and telow “this speed to



In cases where the subject was uncertain, then the lower speed wes
chosen as the most comfortable speed in an attempt to standardize any
error. |

| Following 5 minutes of rest, the subject returned to the tr'eadmil’l
and performed 6 mlnutes ef walking at the most confortable speed
prev1ously chosen.  Six "nmutes of walking at a submax imal lnten51ty
al'lvowed the subject to develop a steady state of oxygen consumpt 1on
(2, D. 296 48, p. 24).

Any min@r change in treadmill speed to better sult t_he subject: was
done during the six minute walk protocol on the conmand of the sub]ect.
Any minor alterations that were necessary helped to ensure that the
speed chosen was subjectlvely most comfortable.

Kb) Optimal Speed of Running o .

Following 15 minutes of rest, the sug%ect oonti'nued on to the
second part of session two, the determination of his or her most eom-
fortable speed of running. The basic proeedure Eer the determination
of the optimal speed of walking was repeated for runnlng The initial
treadmill speed for each subject WJas his or her optimal speed of
walkmg and was increased on the oommand of the subject. Following‘~ 10
qninutes of rest, the subject performed 6 mmutes of runnlng at his or
her optimal speed, to determine the steady state oxygen oonsumptlon
associated. |

(cy Estimation of Percent Body Fat

The final phase . of the second session was the estimation of

percent body fat. The subjects' body welght was first determined in

39



air on a balance scale. The subjects, who wore light weight swimsuilts,
then entered the densitometry tank and were seated on a metal chair

aubpended from the ceiling by a ,(load cell which was connected to a

40

Sargeaht recorder, model SR. Cach subject was ‘secured to the chair .

Jith a diver's pelt to ensure that 'they -did not float up during

submersion. While seated In the chair the subjects' vital capacity was

determined with the aid of a vitalometer from which the lungs residual-

volume was estimatedm' e residual volume was based upon the estimate
of 30 percent of the vital capacity for men and 25 percent of the vital
capacity for women (18 80). A minimum of three trials were performed

with the lafgest v1tal‘capacity attaining being recorded. hod

Each Subjeét ‘was requested to take a maxim
slowly submergé themselves undngaterQ The .sub
nold the volume of air }Qspireé-dgiil the undé 5ht measurement
was recorded. The procedure for Underwatef WE was repeated a
minimyg 6f three trials. The average of the last two ”trialsk was

recorded. ' The body density of edch subject was estimated based upon

.the body density formhla derived by Brozek et,ak. (12).

.

58551on 3

The Determlnatlon of Maximal Oxygen Consumptlon and Estimation of the

Onset of Metabolic Acidosis

The third testlng session for each sub]ect was the evaluation of



L
the onset of metabollc ac1d051s and maximal oxygen consumption. Since

no standardized protocol existed for t:he detection of the onset of
metabollc acidosis on the motor driven treadmill (40,66), the protocol
followed was based upon guidelines suggested by Wasserman et al. (73).
The test protocol for the detection of the onset of metabolic acidg;\sis
vlia gas exchange parameters to yield valid and accurate results m:ist
exhibit the following: (la) The test should be initiated at very low
work intens,ities. If the test is started at even low tO moderate work
intensities the onset ef metabolic acidosis - may have already been

surpassed for some individuals. (b) The work intensity should be

increased gradually at regular intervals. (c) The duration of work at

each intensity ﬁnoulgﬂ’”‘%ot, be too short or too long. Too short a

duration (less than 30 %
which are misleadingly high. Too long a duration (more.than 3 minutes)

at each work intensity may allow the subject to reach a steady state of

oxygen., consumptlon which ma}'e§ the point of gas exchange criteria
e o

difficult to determine, and vtherefore, may result 1n an inaccurate

value. As well, undue stress may be placed on the subject by intervals

of long duration, especially at high work intensities. (a) The

;nitial workload intensities serve quite adequately as a warm up.

Fach subject's initial workload was 4% of the treadmill's maxmal
speed (or approgimétely 15 m/min\ below the chosen optlmal speed of
walking. This workload was maintamed for one minute at zero percent

grade. Each shbsequent workload was sincreased by 4% of the treadmill's

3
wy
~

gconds) tends to result in threshold values.

41



maximum speed each minute. Fach subject was connected to the Beckman

‘letabolic “Measurement Cart, in the same manner as with the steady state

vwalkinq and running at optimal speeds, the previously outlined data
being calculated every 30 seconds. Three workloads pas};? the previously
Jetermined optimal speed of running (approximately‘i 45 metres per
@minute) the speed was no longer increased but. rather the treadmill
grade of inclination was increased ~,‘3.0 degrees per minute antil maximal
oxygen was 'réached' or the subject no longer felt that he or .Ishe oould
continue. Criteria foe the asvebdment of max1mal oxygen consumption
Wwas an increase of less than 150 millilitres of oxygen between
SAbsequent work intervals (67) or vol itional exhaustion.

The criteria for the onset of netabol ic acidosis was that describ-
ed by Reinhard et al. (59). The systematlic lncrease in the ventllatory
equivalent for oxygen (VE/VOz/mm) from 1ts mi'nimum\ without an

\
:}ncrease in the ventilatory edquivalent for - carbon  dioxide
:\’E&/E/\/COM min). An 1lncrease of the ventilatory equivalent for oxygen
“from 1its minimum \::as always ‘the result of a hyperventllatlon with
Eespect to oxygen c_onsumptioﬁ (47,59). The validity of Bhls criteria

has been reported as a correlation wefficient of r = 0.94 with blood

gas analysis sampled at one minute lntervals during an incremental test

(59). Davis et al. (23) has reported a reliability ooefficlent of

r = 0.91 for the use of the ventilatory equivalent for oxygen 1in

Jetecting the onset of metabolic acidosis both prior to and following
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nine weeks c;f training. The analysis. of the ventilatory equivalent was
hoth a valid and reliable method for ergospirometrical measurenent of
the onset of metabolic acidosis that has beeﬁ used successfully by
sevleral‘ researchers (21,22, 34,55,70). ‘

Following the. maximal oxygén uptake tests on all subjects, both
males ‘and Eemales‘were ranked based upon the percentage of maximal
oxygen consumption at the onset Of metqbolic acidosis. This created

four new groups of ten subjects, 10 "high fit males, 10 high fit

females, 10 low fit males and 10 low fit females. ' ~

Statistical Treatment

The statistical t;:eatment of the data generated was analyzed by
one and two-way analysis of variance. These methods are described by
Winer (83). Post hoc procedures, where appropriate, were performed
using a Scheffe test for determining significant mean differences.
significant differences were accepted at the alpha level P < .05 where
was the probability that no difference exists between meang. The
statistic packages, ANOV 16 and ANOV 25 of the Division of Bducational
Reseaych Services were used for the statlstlcal'analyses. An Amndahl

. 470 V/6 computer was used to process the data.
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RESULTS Al DIs s Tok

i nru

Analysis of Agesults

The following anthrovometrical et the means  and  standard
joviations of which e jven 1 fanle 1, were ocollected trom each
subject: age In years, helght inocentumetrss, and mass 1n Kilograms.

. '

These Measurements wers taken witn tiee aabiect wearing shorts, T shirt,

and no shoes. Also glven 1n Table | 15 rthe mean percent oody fat
estimated by densitometry and lean body welght in kilograms (12).  The
data presented 1n ’I‘ablq%l was martltioned 1nto the four groups Dbdased
apon  fltness vrankings. Te 1ndividual wvalues for all the above
. . . * N - v
measurements are 1in Ta%.&zs 29, 30, 31, and 32, appendix E.

. . Q
Table 2 contains a sumnary of the varlables that were analvzed 1In

the oresent study. The mean values along with standard deviations have
been included for the four groups of subjects; high fit males, low fit
males, high fit females, low fit temales, based on, ‘the percentage of
naximal oxygen consumption at the onset of petabolic acidosis,

The data of Figure 1 'is an éxmnple >f the ventllatory equivalent
[or oxygen results that were obtained (or two subjects (subjects nuwber
17 and 23). The /graphs of the data >f these two individuals were

selected as representative of the high and low fltness groups. The

individuals of the high fit groups, both male and female tended to
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deplet an onset ob metabolie acidosis  tn close proximity  to o thelr
chosen opt taal - speed of running. On the other hand, the subjects of
bhe low Litness groups tended  to o show  that their selection of an
optimal speed of running was well 1n oxcess of theif mset of metabolic

actdosis.,
13

R )

mhe Treadmill Speeds at the Optimal Speed of Walking and the Onset of

Metabolic Acidosis

Figure 2 contains the mean data of treadmill speeds at optimal
speed walking and at the onset of metabolic acidosis for the four
groups: high fit males, low fit males, high fit females, and low fit
‘females.

The one-way analysis of variance of the optimal speed of walking
rev: 'that there were no significant differences between tﬁe four

gro > ».05). This analysis is found 1in Appendix £, Table 5.

-

The one-way analysisg#ftyariance and subsequent Scheffe Test for

2%

the treadﬁill speed at éﬁékwgnset of metabolic acidosis showed a
significant (P < .05) fitness difference (Tables 8 and 9) Appendix E.
fiigh fit males had thelr onset of metabolic acidosis at significantly
different treadmill speeds than did the low fit males or low fit
females. There was also a significant difference between‘the high fit

K

females and low fit females.
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A Behelte Test was performed on the mean data of optiamal speed
walking and the treadmill speed at the onset of metabolie acidosis, to
detormine signiticant differences in these two measures, within cach ot
the tour groups.  There was o significant dAittterence (P <.05%) between
the optimal speed ot walking and the onset ot netabolie actdosis within
oach of the four groups (Table 10).

In the statistical two—way analysis of variance tor the hypothesis
that there would be no significant ditterence between the speeds at
~u>t£mal walking and at the onset of metabolic acidosis in the four
groups, the terms speed and groups reter to the following:

(1) Speed - the treadmill speed selected for optimal walking and

the treadmill speed at  the onset of metabolic
wc1dosis.

) Groups - refers to the four groups of’ subjects: high fit

ro

{
males, low fit males, high fit females, and low fit

females.

Treadmill speed showed a gggnificant "A" main effect (P <.05) andg §

lcant "B" maln effect (P < .05).

the four groups showed a sSref
3ignificant interaction occurred between the treadmill speeds and the
four groups (Table 19) Appendix E.

A Scheffe Test performed on'the four groups showed a significant
differenct (P<.05) in the selection of an optimal speed of walking and

V.
the speed at the onset of metabolic acidosis for high and low fitness
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groups of the same sex (Table 20) Appendlx E. There was a 51gn1f1cant
difference between the high fit males and high fit females but not
between low fit males@and low fit females (P <..05). There was no

significant difference.between the low fit males and high fit females.

kel

The Treadmill Speeds at the Optimal Speed of Running and the Onset of
: - s :

Metabolic Acidosis

Figure 3 cbntains the mean data of treadmill séeeds at the optimai
speeé of.rUnning and at the onset of metabolic acidosis for thevfour
" groups. | .

The one—way analysis of variance of the optimal speed of running
revealed a 51gn1f1cant dltference between the ‘four groups (Table’6)
;“Appendix E. A Scheffe Test showed that there was "a significant
difference between the high fit males and the low fit Fbtles (P < .05)
| Table 7),Appendix E. ‘ |

AS, wes; mSted in the previous sectien,"there was a significant
difference between fitness_groqps in the treadmill speed at the onset
of metabolic acidosis (Tables 8 and 9) Appendix'E." High fit males had
lthelr onset‘of metabolic acidosis at 51gn1f1cantly (P <.05) different

treadmlll speeds, than the low fit males or low fit females. 'There was
also a significant difference between the high fit females and low fit

females.
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A Suheffé Test was performed on the mean data of optimal speed
running and the treadmlll speed at the onset of metabolic acidosis to
determine sxgnlflcant dlfferences in these two measures within each of
the four groups. There was no 51gn1f1cant dlfference (P> 05) between
the treadmill speed of optimal running and the onset of metabolic
ac1d051s for the hlgh fit male group (Table 11) Apbendix E. There was

b
also no significant difference between these varlables for bod1 the
high and low fit female groupsl Thereﬁwas‘éa significant difference
between the treadmill speéd of optimal runﬁﬁ%ﬁpana the oriset of
metabolic acidosié for the low fit male grbup.

In the stat£5tiéal twé—way analysis of variance for the hypothesis
that there would;be no significant dif ference betwé%n the‘speeds at
optunal running'and at. the onset* of metabolic acidosis speed 1n the
four grouos, the terms speed and groups refer to the Eollow1ng

(1) Speed - the treadmlll speed selected for dpt imal running and

¥ o the treadmilbl sgeed at  the onset of metabolic

ac1d051s. ' | “" a

(2) Groups - refers to the four gKOups ‘5f subjects: high fit

3

males, low fit .males, high flt females, and low fit
females.

Treadmill speed showed a significant "A" main effect (P < .05)‘andv

A

‘the four groups showed a signlficant "B" main effect (P < .05).

significant interaction occurrqd between the treaamill speeds and the
Ixd

four grbups (Table 21) Appendix E.
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A Sch,ef.fe Test performed on t‘he four groups showed a significant
difference (P < .05) for high and low fitness groups of the same sex
(Table 22) Appendix E. There was a significant_ dif-feren&e‘ between the
high fit males and high fit females but not ‘between lowvéf‘,it males and
females (P >.05). There was no significant difference between the "low

fit males and high fit.females.

The Steadl State Relative Oxygen Consumption During Walking at Optlmal

Speed and the Relative Oxygen Consumptlon at the Onset of Metabolic

Acidosis

=)

Figuf® 4 contains the mean data of relative oxygen consumption at

the optimal speed of walking and at the onset of metabolic acidosis for

‘the four groupe,. A ' ' S

The one-way analysis of variance of the relative ~ oxygen

55

consumption at steady state optimal speed walking revealed that Lhere |

were »_“no’significan‘t (P > .05) differences between the four groups
(Table 12) Appendix'E..

The one-way , analysis of variance for the relative -, 0Xygen

consumption at “the ‘onset of metabolic acidosis showed a significant-

(P <.05) dlfference between the four groups (Table 15). Appendlx E A
Scheffe Test showed that there were significant dlfferences between
high and low fitness groups (P <.05) (Table 16) Appendix E.- H;g,h fit

males showed a significant difference between the low fit males and
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between the low fit females. Te high fit females differed

significantly, at the onset of metabollc ‘acidosis, from the low fit
qnales and low fit females also. "here wa% o significant difference
between 1lgh fit males and hlgh fit femALes P low fit nales and low
fit females.

A Scheffe Test was performed on th%)ﬁean data of the relative
oxygen cyhéumption at the optimal speed of walking and at the onset of
metabolic acidosie to determine significant differences in these
measures within each of the four groups (Table 17) Appendix E. There
were significant (P < .05) differences 1in the relative oxygen
coneumption at optimal epeed walking and at the onset of netabolic
acidosis within three graups; high fit males, high fit females and low
‘fit femalee. There was no significant difference in the low fit male

group (P >.05).

In the statistical two-way analysis of variance for the hypothesis -

that there would be no significant difference between the relative
oxygen consumption at steady state optimal speed walking and the
relative oxygen consumption at the onset of metabolic acidosis in the
foer groups,_the terﬁs relative oxygen‘oonsumption and groups refer to
the following:

(1) Relative Oxygen Consumption - the oxygen consumption during

steady state optimal speed walking and the ongen consumption‘

~at the onset of metabolic acidosis.
(2) Grouﬁgmi refers to the four groups of subjects: 1lgh fit

males, low fit males, high fit females, and low fit females.
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pelative oxygen consumption showed a significant "A" main effect
(P < .05) and the four groups showed a gignificant "B" main effect
(p < .05). Significant 1interaction éccurred between the gxygen
consumption and the four groups (Table 23) Appenaix E,

A Scheffe Test performed ‘on the four' groups showed a- significant
difference (P <.05) in the relative oxygen consumptlon at the optimal
speed of walking and tne onset of metabolic ac150515 for high and ion
fitness groups of the same sex (Table 24) Appendix E. There was o
significant/differénce netween the groups offsimilar fitness level and

opposite sex (P> 05). There was no significant difference between low

fit males and high fit females.

The Steady State Relative Oxygen Consumption During Runnlng at Optimal

Speed and the Relative Oxygen Consumptlon at the Onset of Metabolic

Acidosls

Figure 5 contalns the mean data-of relative oxygen consumption at
the opthal speed of runnlng and at the onset of metabolic a01d0515 for

the four groups. ‘ ',)-

0

i
1

The one-way “analysis bf var ance :of the relative oxygen
consumption at steady state optimal speed funning revealed that there
was a significant difference between the four groups (Table 13)
Appendix E. A Scheffe Test showed'thét the difference pccurréd be tween

, " a {

the high fit males and the low fit females (P < .05) (Table 14)

Appendix E.

- IR o
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The one-way analysls of variance and subscdquent schefte Test for
the relative oxygen consunption at Cthe onset of metékxnic ac1dosi1s
showed a significant diffo-rence between high and low fltr;OF“F; qroups  as
outlined 1n the previous section (Table 15 and -16) Appe::?ilx L. High
{1t males showed a significant difference between the low fit females
(P <.05). The high fit females differed significantly, at the onset of
metabolic acidosié,, fron the low fit males and low f‘it females also.
There was’no significant difference between high fit males and high fit
females or low fit males and low fit females.

A Scheffe Tést was performed on the mean data of relative oxygen
consumption at the optimal speed of running and at the onset 'of
metabolic acidosis to determine significant differences in these
measures within each of the bur groups (Table 18) Appendix L.

There ‘was no significaj difference (P> .05) between the relative
oxygen consumption at the optimal speed of runningy and the onset of
metabolic acidosis in both the- high fit male and high fit fenale
groups. Both low fitness groups showed significant differences 1in the
relative oxygen consumption at these two measures (P <.05):

In the statistical two-way analysis of variance for the hypothesis
that; there‘would be no significant diffeérence between the relative
oxygen. conswnptfg%&g; tteady state optimal speed running and the

relative oxygen consumption at the onset of metabolic acidosis in the

four groups, the terms relative oxygen consumption and- groups refer to

60)
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‘the following:

(1) nRrelative Oxy4yen Conswnption =/ the oxygen consumpt ion during
steady s;tate‘()ptimul speed running and the oxygen consumption at
the onset of metabolic acidosis.
(2) Groups - refers to thé four] groups of subjects; high fit

males, low fit males, high fit females, and low fit femalés.

Relative oxygen consumption showefd a significant "A" main cffect
(P < .05) and the four groups showed A Signiﬁicant "np" main effect
(p < .05). Significant interactiof occurred bétween the oxygen
consunption and the four groups (Table| 25) Appendix E.

A Scheffe Test performed«on the four groups showed a significant
difference (P <.05) 1in the relatlve <>xygen consumption at the optimal
speed of running and the onset of metabolic acidosis for high and low
fitness groups of the sane sex (Tablle 26) Appendix' E. ‘There was a

£

significant difference between high fit males and high fit females but

not between low fit males and low £it] females (P <.05).

of Running in Relation to the
. Treadmill Speed that Exhibited the O set of Metabolic Acidosis

The Selection of an Optimal Speed

mable 3 shows the distribution of individuals in cach of the four
groups, in terms of the selection of an optimal speed of running as a

percentage of the speed at the onset of metabolic acidosis.
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(c)
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High Flrness Hales

Fifty percent ot these subjects selected an optimal speed ot
running which was + 10% of the speed at the onset of metabolic
. X
acidosis. The mean speed was 108.40% of the speed at the onset of

metabolic acidosis with a standard deviation of 11.06%.

Low Fitness Males
Seventy percent of these subjects selected an optimal speed
of running which was greater than 120% of the speed at the onset

of metabolic acidosis, the mean speed was 131.20% + 17.58%.

ligh Fithess Females

Seventy percent of the high Fit females chose an optimal
speed of running which was + 10% of the speed at' the onset of
metabolic acidosis. The average speed for this group was 106.50%

with a standard deviation of + 9,85%.

Low Fitness Females

Seventy percent of the females chose an optimal speed of

3

running which was in excess of 115% of the speed at the onset of

netabol ic acidosis. The. mean speed was 127.40% + 22.70%.

Figure 6 contains the mean data of the optimal speed of running as

a percentage of the speed at the onset of metabolic acidosis for the

four groups. The optimal .speed of running chosen as a percentaje of

'
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the cpecd at the onset ol Mot abol e e ndoss wag analyzed by sand

Feoo=way analysis ol v fance,  The tactors werd seyy, male or brmale;

‘Q;ul Frtness, higho oo Tow, Mate oo temale showed o :.\t;mt?lunn AN
main cftect (20w 005) while high oand low  brtness ponps howed o
SLgiin b reant o TR naan oot (1 W0H) . Mere  was Dooosignitreant
Lateraction between sexoond preness groups (table 27) Appendix b

Thore was ho signitleant dif terence . (P> .05H) between the males and

fomales 1n the selection of an optnal speed of running as o1 opercentage

LR
of the treadmill speed at the onset Sf metabolic acidosis.  There was d

statistically significant Jdifference (P < .05) between high and low

fitness groups 1n the selection of an optimnal f;pea.i of running as Q
4

vercentage of the treadmill speed at the onset of metabolic acidosis.

The high fitness qroups selected optimal speeds ot running that were

closer to those treadmill speeds that were associated with their onset

i metabolic acidosis than did the low fitness groups

The Power Output at Maximal Oxygen Consumpt 1on with Fitness Ranking and

sex as Detemnining Factors

?

Figqure 7 contains the mean power output Of maximal o= N
4

consumption for the four groups.: The power output generated during a

. . w, b . . .
one minute time frame wti"ll@ at maximal oxygen consumnptlon was analyzed

»

by using a two-way analysis of variance. The factors were sex, male or



O
Nel

-

=

pT°89T F CE709S

-

x

o\
)

-

1\
Lt

DR W

=

9z 9€T ¥ TT°.LVG |

soTewWa 3T UBTH
—\

\

ST 98T ¥ ST 158 e e

© soTeW 3Td MOT
-\
[ \

Y,

/ a

ubTH

S

T - .
- . S
. . n -\
. . N u S e 1T
29°GST ¥ V17056 S9TEW 314
- T e : 'y
€ .AL

R

. soTewdd 3TL MOT

T .

N

—

s

.

Hoooa 006 008 00L - ~ 009

T

AwuchE\mmume\mxv and3anp x™MOd -

LS

k4

Groups

Figure 7 The Power Qutput at Maximal,Okygen Consumption

@

’

for_the'Four Groups

LY

&

\

+



. ’ ¥ . .
female; and fitness, ‘high or low. Male,or femalé showed a significant

67

“A" main effect (P < .05) while high and low fltness groups showed no"

L

significant "B" main effect (P > .05). “There was no Significant

interaction between' sex and fitness gx:oups, therefore 'the least squared

;olutlon was employed (33,84) (Table 28) Appendix E.

. - There wawa %statlstlcally 51gn1f1cant dlfference (P <«.05) between

s ' N

, i:
; males ‘ﬁ*aﬁ' fen( es‘i @’n ppwer output at maximal oxygen oonsumptlon. The

B P
males' power output was significantly hlgher than the females power‘
. , - :
output. '
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DISCUSSION

Optimal Speeds of walking

»

lable 2 showed the 'mean optlmal speeds of walklng for the four
subgroups under study. The individual values are given 1in Tables
33, 34, 35, and 36, Appendix F.

The one-way analysis of variance of the treadmill speed at the

optimal speed of walking showed that there was no tstatisticallv"

-

51gn1f1cant dlfference in the treadmlll speeds selected by the four

groups of subjects.‘ Regardless of sex or fltness it would appear that

the selectlon of an optimal speed of walxlng was similar in these
college age students. The one-way analy51s of varilance of the. relatlve

. oxydeh coﬁiomption‘ at steady state optimal speed walklng showed

congruent results to treadmlll speed. The oxygen consumptlon at

Joptimal speed walking was not 51gn1F1cantly affected by fitpess level '

¥
’

or sex.
Table 4 contains mean data of Bhambhani (5), Qalston (58%, Bobbert
(7), Mayhew (48), and the present study, for optimal Speeds:of walking
| and running. The females' average selection of ~an optimal~speed of
“walking’ iaas within the range of Optimal speeds as summarized by
L

Bhambhanl (5). The mean optlmal walklng speeds of the females was 82.3

metres/minute(high fit and 79.2 metres/minute low flt. These values

AP

‘were higher than the mean valde of 74 metres/mlnu Obtained by Rﬁkston’

LL?Ea). The oresent\gtudy s values were similar to the mean valuye of 80'

mecres/mlnute obtalned by uarrugh ‘et al. (84).

»/:
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The mean optimal‘waik'ing speed of the males was slig‘htly beyond the
range of optimal speeds aé summarizeo by Bhambhani (5), as a maximam of
35 metres/minute.. The mean Optimal' walking speeds in high fit znales,
90 metres/minuté and the low fit ‘nales‘, .87.5‘metres/min‘uté were both
higher :than the mean valoes obtaihedby Ralston (58), Zarrogh et al.
(34), and tl:we mean value of \84.‘3 metres/min‘ute*obtained by Bobbert
(7). | )

one explanation for the rather high nean optimal speeds of walking
-.for the malé grouos may’ have been that these subjects were of @
relatlvply hlgher fitness levels m ‘terms of walking than sub]ect* i
included in the review of llteratureﬂ A second possible explanation

s . .
may be "that a tgough thq subjects were lnstructed to select a speed
h . 1

which they felt was most comfortab-le, some male subjects may have

Maves felt a

belgcted speeds in excess Of comfoqt bpcause they m
i,
hlghef‘ speedulgnlfré"d a: 'betteyv,,&ﬁerformance. ' Such an overestimation
Py ~~
could also have occurred 1n' those ~atudles reported in the lltorature.

F
-

Opt imal Speeds of Runnirgg ‘J
.;@ ‘

Table 2 showed the mean optimal speeds of running for the Eour

+

-subgroups. The Lndlvldual values are glVQn in Tables 27, dﬁ,&%and

40, Appendix .




The one-way analysis of variance of the treadmill speed at the
optimal .speed ofdﬁgnning showed that there was a significant difference
between the;fourvgroups. A Scheffe Test to locate the differences

revealed that the only significant‘differénce occurred between the' two

71

groups of extreme fitness levels, the high fit males and the low fit -

females. The one=way analysis of variance of the relative oxygen

tion at steddy state optimal speed running - showed identical

- o «.'3 !
‘

fit females. This slmllarlty, or rather the lack of dlSSllearlty in
& g"n%
hA
the selectiqn of an optimal -speed of running is dlscussed in more
detail under the heading "The Optimal Speexi(af Running and the Speed at

the Onset of Metabolic Acidosis.”

" The mean optlmal runnlng speeds of males and females in this

o

to.treadmill speed. - The analy515 of variance and subsequent .

study, 167 7 metres/mlnute and 149 metres/mlnute, respectlvely, was

7y

qconsiderably\'lower :t‘ the mean optlmal running speed of 185
metres/minute determined by Mayhew (50,51) on hlsi highly trained
gunners (Table 4). The mean optimal running speedsiof the males 1n
this study were, noweven, somewhat' higher than those reported by

NBhambhani (5) of 154.9 metres/mlnute for males, and 143 7 metres/mlnute

for Eemaies.. Slnce the hlgh fit males of this study were of similar



B, e (Aol
_mlSlealeJlY high for the 'low fit' groﬁ

age and physn,al act1v1ty bdu\ground t:he%e osubjects s;k\()Weai a wean

’

9 k

; op'taf.i‘nal speed of . runmng\ 2.9 metrea/mlnute) which was 1In agreenent

-with ﬁiﬁe Eindihgs of, Mayhew (50). As fwell,_ the high it females, a

R

*mean optlmal peed of running of "175.6, were also much"‘similar in terms

< .ot eardloresplrat(&y trammq as the eubjects ot ‘layhew me.s,earch, qnd

therefore, were ln closer, agreement “to hlS @ported mean ”)ptlmal speed
]

s . ” . A

i@

of running.

L‘}‘

Maximal Oxygen Consumption

-;\'

T ey - T
Table 2 showed .the mean relatlve maxlmal&\aoxygen oonbwnptlon for

the four Subgroups under study.‘ ‘The 1ndiv1dual values are glven In

Tables 41, 42, 43, and 44, Appendix F. = . o

The VO2 max values obtamed were 1n agreement w1th the range of'

values reported'by Mat\hews-and, Fox (48) as normal for male and female

\\

«ljﬂi\%ty students of ‘these ages. Since fitness ranklngs were based

on the percentage of maximal oxygen .consumptlon at the onset Of"

metabolic ac1dos1s rather t:han the more tradltlon V max , the mean
F

L}

values ot VO max may heé mlsleadlngly low for t’he 'high fit' groups and

Y
A possible source of error in the maxmal oxygen oonsumptlon data

was that it 15 dlfflcult for mdlvxd% of relatively low physual

activity to push themselves to VO max, since such levelb og stre% are

uncorg;f;iortable and unfamiliar. - The glmal heart rate data, (Table 2)~
. 9 , R - - - _.»,. Al
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asup_ports't:his contention since the low fit individuals had lower
fuaxifhum heart rate than should be expected (48, p.472). since V02 max
ddta was not of primary lmportance the umpact of this error on the

_total study was minlnal.

oy ' ‘ t.»,‘,"‘.\
i o

mhe Onset of Metabolic Acldosis

e

Table 2 showed the mean speeds at the onset of metabolic acidosis,.
the mean-: relatlve oxygen consunptions whlle at that speed, durlng@he’
maxmal oxygen consumption test, and the mean perc,entages at maxnnal .

oxygen consumption at the onset of - metabollc ac1d051s, for ‘the Eour:'

PR
‘ o g
“ "groups 5ubsequently a551gned. 'Ihe individual vajwea»\ ane C_J;W‘Dn in
gt - g N v o . ;;:’" .
Tables‘ 45, 46‘1,' 47', and 48, Appendlx, o ) ‘ _ ) Mi
o,

The one-way analysis oE variance of the treadmlll speed at t:h';;) f
on“set of metabolic acidosis showed a SLgnlflcant difference in the four«:J:
groups. . ‘A Scheffe ’Desz revealed tihat there was a 51gn1f1:;n\‘_‘§
Jifference between groups of high and low fitness in the qpse,t of
metabolic agidosis regardless of sex. There was nQ '«élgr}kﬁg‘manp
‘difference between the se;ces of " similar fitness. mce a;%n’ m,
;,Qnevway analysis of variance of .the relaﬁlve oxygen oonsumptlon at t:he i ._s, -

- de
onbet of metabolic ‘4cidosis was congruent to the result;s of treadmlll

speed A Scheffe Test revealed that there was a smgmfxcant, difference

between hlgh and low fitness groups.v 'Ihere was no significant

i



Jifference between the males and temales of similar fitness level.  The
onset of metabolic acidosis occurred at a significantly higher level in

subjects of high fitness than in subjects of low fitness. .

Since studles that have examined the onset of lietabolic acidosis

Juring locomotion on a freadmill have used only highly trained athletes
no data of direct sumilarity waitness‘ was avallable. lHowever sonme
inferential analysis was possible. ~ Volkov €t al (69) dgt‘nmed the
g‘u;\ninq speed corresponding to the "threaholi of &ndel_’()bl(, netabol 1sm"

characterized by an abrupt lncrease ‘1;{,1, rarterial blood lactate above

resting levels, for four highly exmrlenced“mlddle distance runners

between 21 -and 29 vears of age. ubjeut:. that had trained at .Jifferent
: ’ . } 2o

intensities and A frequencies, @*‘ImllaLly, exhibited ='_00n51derable

differences in the speed necessary to lnitiate lactic aCldOSlo. ‘These

critical speeds varied from 156 g “04 metres per ninute or 9.4' to 12.3

kilometres per hour. - These values ay Rech oompared Eavorabiy._
v,J

wwith the

high fit malp group at the onset of *wtabol ic ac1dosmv L ranqaj B

r

from 152 td 182 metres per '.lnute» or 9. l to 11.0 LllometrPs ver hour.
AS \‘vell, the high fit males under study, displaved fairly similar values
of maximal oxygen consumption to thc;se reported Ly volkov et al*. (p9).
The corresponding speeds at. sthe onset of metdbol icjacidosis fof the low

lfit‘ grouy: i nales and ooth groups of Eemales were lower than the high

fit male group on the average. Of note was the flndmg that the high

74
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C g -

>

f1t female group demonstrated a greater delay in the onset of metabolic
Jcidosls in terms of treadmill speed than the low fit male group. This
finding appeared ~to parallel similar findings in terms of nax imal

. 3 ) . . - ,
oxygen  consumption and many performance variables in which highly
trained female subjects may exceed untrained males,

The present results for the relationship between the onset of

metabolic acidosis and maximal oxygen consumption were In ag#eement

wth past Lliterature. Several studies (22,23,40,59,73,76,77) have

shown that the onset of metabolic acidosis occurred at approximately

45 - 55 percent of maximal oxygen consumption in the untralned

e

subjects. 1In the present s;tudy t:he untrdmed male s,ubjects, were, on
Rl

the average, at the onset of metabollc aleOSlS at 44% of thexr naximal

oxygen consumption and the female untrained grouis were at 52%, both n

5

agreement with previogs' stuji‘és. The high fit graup of ’males were . on

the, average, at the on;set“ofi‘ netabolic aCldOSlS at 63% of their .mxlmagv
oxygen consumptlon whll@ their fémalo oounterpartb were on the average,
a‘t_ ‘v-t‘he onset of metabolic{f‘“ac_i,do(ys at 66.5% of their maximal oxygen
;onsump.tion’. These values were in agréemerit with the works of Green et
al. (37) and lagle et':;‘.él. 53) who found that the onset gf metabolic
acidosls occurred at appro imately '.60'— 75 percent of maximal oxygén

AN

consumption in the physically active, noh-enddrance athlete.

> f A\

» ) e
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The Optunal Speed ol Vialking and the speed at the Onset ot Metabolic

Acldosls
( Prgure 2 contalned the mean opt imal  speeds . of waliiang and at the

*)
onsct of metabolic cildosis tor the four Jroups.

The results of- the statistical analysis ot the optunal  speed of
walking showed no statistically s1gnif Leant Jdifference between fltness

aroups or between males and females in the selection of an - opt imal
] |

speed.  Regardless of fitness level males and Lemales tended to select

an optunal  speed  of walring that was similar. In contrast, the

statistical analysis of the speed at the onset of metabolic acidosis
showed that there was a significant difference botween high and  low
fltness groups. Hl.gh Fit individuals had significantly higher levels
of treadmill speed at the on'set of metabolic widosts than Jdiud low tit
individuals. There was no significant Jdifterence between males and

les of similar fitness unplyinag that the difference 1n the onset ot

@
R

~

- .

o

Y SeXe

. R T W i B ’
‘fre statistically sigmaficant  hifferences  between  the

treadmill speed at the optimal speed of walking and at the onset ot

I

e

Ther

netabol 1c acidosis within all four groups. There was no similarity in
. .

these measures within any of the four groups.
‘The results of the statistical analysis for the difference Metween

the optlmal speeds of walking and the treadmil 1 speed at the onset Of

[
-

metabolic acidosis showed that there was gestatistically siqniflcant
° e

s

metabolic acidosls between nigh and low fitness Jroups was dnaftected.
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L Forence betweon “the speed at the onset ot x& kax‘)l LC" ucglu 15 and the
’ # ‘v“"’ N
chosen ontimal spedd of walking.  The opt ‘rnldI ,pnodsl, DL waliiing  we Lo
N : '

Stgniticantly below those at the onset of metabolic ‘_.)cidos;irtg. l>r‘(.~v‘u>,u.<;

)
[y

rosearch has  show that the lower  lumt tor nor mal m;ﬁi wilthuals  nt
? el

¢

Lassy

crther sex, and all.age groups appears o nave boeen the\ same’ (22,73).

This lower Lunlt wag at an oxygen consumption  level ocuivalent tooa

consunpt ion for a tyBkal adult to walk at approximately 4 kilometres

oer hour, It would appear that none of the groups of the present study
had their onset of "1ctcsb%} ic acidosis at Lhi:s Mnim’um level s

There was a significant Jdiftference between fitness groups. in the

N

‘e

solection of the outimal speed of walking and the relationship to e
onset of metabolic acidosis speed. The low f[itness groups had 211
. i

speeds at the onset ol metabolic acidosis nearer thelr opt tmal walking

\

speeds,  though not statisticaily slgnificant., [There ex isted a
" b E g v . L .
statistically Significa’nt difterence between  the high fit males ang

high fit females, but not between ”the low  Fit ‘nales and low fit

females, umplying that sex . 1t£@renées ‘1n the "selection of an optinal

s -

speed of walking and the speed at the onset of metabolic ‘acidosis

sccurred at the upper end of the ‘fitness rankings and not the lower

.
-

2nd. . , .

.

The Optimal Speed of Running and the. Speed at the Onset of Metabolic

Acidosis. , ‘ ' ~ r
1 T

Flgure 3 contarned the mean opt imal speeds -of running and at the

onset ot metabollc aud@ms for tht Eour groups,  The recults of the
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Stattabtical  analysis ot the  optunal speedobrannind showed 0

Spanitrcant i ferenee Dotween the nrgh fit o walge and low it temales.

.

Thore was no statistecal dirterence between any of o the other qrodb.

Crrher the selection of oo optumal shetdd o ranniig v polat el

mat feCred by freness Leved and sex, or, Rhero wasmeeiiraey b the

. 1 W
welection ofan u‘nm speed of L running torwone wedrstaaal s he

[

v

. o .
statistical analn JAESE reading LU

b gt the onset b netabol e

4.

At

WLHos s showed Wlun‘[y Lo vas -a SLant: taant it terence tetween

Liagh o oand low #y SO Thopo WAy D0 SNl Loant 1t berence
o les of similar pitnesss bevels,

Leetyeen ndales:
%

.

Mere was o statistieally osrgniricant g berence s Detween the:

freadmill sreed at the optunal speed of running  nd -at o the onset of

notabol 1o acidosis witnln the low tit nale gjroup. oth high bltness

jroups and the low it female Jroup showed o s1anit leant dilterence in
rhese  tWwo  measures ot treadmill speed, o conversely,  the ootimal
speed of running and the speea at e onset of metanol e achlosis were
npssentially the same In these three jroups.
- .‘ . ' - LR ) y

mhe results of the statistical analvsis tor the Jitference between
the optimal speeds of running and the treadmill speed at the onset Ot
metabolic acidosis showed that there was a statistically significant
PR l . a . .
Jdifferdnce between the speed at the onset »f netabolic acidosis and the

chosen optimal speed of running.



i
. n

oo was o shgne b teant it terence between high and fow frbtnes

qroups In the selection of  the optimal specd  of  running and  the
. h /.—~“"
Felationship to the onset ot metabolie rdosis weedT The congr aenee

t optimal  runntng and the  onset ol

‘:'N.’t'M_‘(‘Hu',;l(,' treadmi Ll specds
ot ol e e Tdosts were creater tor the gronp:s ot high titness. o oinee
A s lomitrcant ditteronee oxistod between the male cnd temale high bt
jroups, and not ‘U:t:\m:wn the L«)W {1t jroups, U".‘ seléction of an optonal
soecd Ot ranning was not attected by sex LiiL't;(?'IU,‘HCt,‘H' at the Low L1tness
S

Lowee L,
“he selection of an optunal speed oL running a)h;xm:d to the speed
Lt the onset of metabolic acldosis was primarily determined by tltness

-

and minimally affected by sex. The hiqher the onset of metabolic
acidosls  perceofgiige ol nax vnal oxygen consumption the less  the
A1 foro® between the speed at the onset f metabolic acidosis. The
luq.h f1tness indigiduals were more able to \;ubjecftlxgzgly select an
optunal speed of running that maximized aerob1c metabélism without a
significant build up of lactic acid than were the individuals of lower
ltness. Individuals »f long cxperl‘!en'ce 1n thSLCSI f.raininq are
botter able to utilize perception of effort in decision making about
selection of exercise intensity (‘52). They were more accurite in
gauging an optimal pace than were individuals of low fitness. The Llow

fitness individuals tended to vastly overestimate an optimal running

pace based upon data of their onset of retabolic acidosig. .

. N
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Degpitg oonsiderable research on the topic, the mechanism by which

$iiy

1nd1v1duals percelve the mten81ty of exertion during exercisé remains
<
unkn n. " The regearch suggests that self awateness of exercise cost is

80

bes ewe“d'» w;_thln a psychophysmlog ical o,ont:ext. It has beefi proposed -

™~
—

that psychophys"iological awareness ‘(effort sense) of exercise cost
governs the elicitation of maximal endurance performance or 1in

N,

' maintaining a diven pace, is a cognitive-perceptual process .which

involves the integration or totality of cues being processed by the
exe‘rcising orZ;aanm (52) AN l‘ |

.l'\ study. conducted by Purvis and Cureton (57), fellewif}g the data
collection of this '\study', fo‘l.;nc.il that young men “and young wamen
pereeived an ‘e>icercvise, intensity equal to the onset of metabolic
acidosis as ° somthat hard‘v on the Borg ‘scale\.\(\(j')-v. They reasoneei that
the similar perception of the exereise i_r_itﬁehsity oorrespoﬁding to the
o‘nse't of meta;b,olic acidosis by differerﬁ_t’ individuals makes it possible

to brescribe an- exercise intensity equivalent to the onset. of metabolic

acidosis using ratings of perceived e'xerti%n.

The whole area of perceived exertion requires much more  research

ana_ furthef(analys-is of the topic is beyond.the scope of this study. ‘

The Oxygen Consumption of Optimal Speed Walklng and at the Onset of

Metabollc Acidosis

Flgure 4 contalned the mean relatlve oxygen consumptlon at the N

optimal speed of walkl'ng ar}d at the onset of metabolic ac1d0515. The

~



i .
results of the statistical analysis of Une.telative oxyqen Consumption
t the optlmal Speed of walklng showed no statletltally SlgnlflLant
difference' between fitness groups or between \;gles and females.
Regardle;s of fitness level, males and females tended to select an
oPtimailspeegiof walking, with a correspondingigxygen consumpt ion, thae
was ‘similar. Ehe 'selection‘()f En eptimal 'speed of walking or dua
reletlve oxygen consumptlon at the speed of walking was unaffected by
fltness level or sex. In contrast, the btatlstlcal dnaljslb éf the
/érelatlve oxygen consumption at the onset of metabollc aCldOSlb revealed
that there was .a 51gn1f1cant difference between high and low fitness .
groups."aidh fit individuals had significantly higher relative oxygen
T

consumption levels at the onset oﬁ.metabolic'acidosis than the low fit
individuals. There was no significent difference between males -and

v

“Females of similar fitness bnplying'that the difference in the onset 'of

s

metabblic ac1dosls was unaffected by sex.
‘There were statistically 51gn1t1cant differences between . the
relatlive oxygen consumption at the thimal speed‘of balking and at the
. onsg of metébolic acidosis within the high fit male group, tne‘hign
fit female group, and the low fit female group, There wes no"
statistically significant difference between these two measures in the
low fit male group. Only | “the low fit male group dehonstrated a
relationship between the onset of metabolic - ac1doels in terms of

rd . . /
relative oxygen consumption and the relative oxygen oonsumptlon at the

i . » .
optimal speed of walking. Since this relationship between optimnal



)

N

speed of walking and the onset of~metabolic acidosis was not reflected

ln treadnill speed at these measures, and since speed and oxydgen’

consumption afe directly reléted, the éigniflcance of this find'ing is
most 1likely minor. | |
The resulté of the;statistical analysis fof the difference" between
the relative oxygen consurﬁption at the optimal .speed of walking and tj%e
‘the onset of metabolic acidosis shbwed that there was a st:at_:istically
significant difference be_tween‘ the oxygén oonsumption' .at the optimal
speed of.walk{ng and the oxygén consumption at the onset of metabolic
acidosis. | \ \
) The findings of .relative oxygen = consumption parallelledA the
firﬁdingAs of treadmill speed at the optimal speed of walking and the

onset of .netabolic acidosis. The significant difference between high

and low groupé may be éttributable to a "greater proximity of -the.

optimal speed of walking and the onset of metabolic acidosis for low

.82

fitness groups. There existed no statistically significant difference- '

bevtween_high fit males and high fit females and between low fit males
and low fit females -implying no significant sex difference between

subjects of similar fitness.

The Oxygen Consumption of Optimal Speed Running and at the Onset of
Metabolic Acidosis ‘

Figure 5 contained the mean relativé oxygen consumption at the

optimal speed of running and at the onset of metabolic acidosis. The

&7
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results of the staéistical analysis of the relative oxygen oconsumnption
at the optimal speed of raning showed oﬁly a significant‘difference
pbetween the high fit males. and low fit [emalegij This :Ppld suggest
‘that either the selection of an optinal ‘speed of running; and 1ts
corresponding oxygén demands, was relatively similar in mnales or
females of high and low fitness or, there was inaééuracy 'in the
selection of an optimal speed of running for some individuals as
préviously'discussed. The statistical analysis of the relative: oxygen
consﬁmptign at the onset of metabolic acidosis showed that there was a
‘'significant difference between high and low fitness groups. There was
. no significant difference between nales and females of similar fitness
evels.
. . A
There were .statistically significant - differences between the
relative.oxygen consumption at the optimal speéd of running and Ehe
onset of metabolic. acideosis within both the lqw:fit male and low fit
'“female groups. There was no dignificant difference between the

relative oxygen consumption at the optimal speed of running and the

onset of metabolic acidosis within eilther the high fit male or high fit

female groups. In other words, the measured onset of metabolic

acidosis and the subjectively determined optimal speed of running, 1n
terms of treadmill speed and relative oxygen consumption, showed no
discernible differences, by the statistical treatments emplbyed,,for

both high fit groups.

83
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The results of the statistical analysis tor the difference between
the relative Oxy‘égén consumption at th~e optilfial speed of running and the
onset. of metabélic acidosis showed that there was a étatistically-
signi‘f.icant difference between the Oxygen consumption at the optimal
speed of ru;ming and the onset of metabolic acidosis. |

As 'with ‘treadmill speeds (for these two variables there was  a
_\s(ignifica’ntAdifference between £fitness groups. The High fitness
individuals were vbetter able to select an ‘optimal speed of running,
with a corresponding oxygen c0nsumption_,' that maximized aerobic

‘ “ ,
metabol ism with -minimal lactate build up than were low fit individuals.
Much of this difference between fitness groggsm_was likely a result of

!

inaccurately perceived levels of exertion by the low fit individuals.

‘
re

The Selection of the Optimal Speed of Ruhning iri Relation £o the Onset

of Metabolic Acidosis and Fitness Level

The selection of an optimal speed of running by the subjects- under
study was compared to the treadmill speed at the onset of metabol\i'c
acidosis during the progressive iﬁtensity ekerciée test to maximal
oxygen consumpt 1on. The opti’mf;-ll running speed was expressed as a
percentage of the treadmill speed at the on_‘setv of metabelic acidosis to
determine the extent to which fitness ramkings and sex had a bearing on.

the proximity of these two measures.
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Figure 6 1llustrated this‘relationshlp betwean the optimal speed
of running ané the onset of metabolic acidosis as nmean data values.
All fitness groups, on, the average, selected optimal speedg of running
that were in excess of the treadmill speeds ‘at the‘onset of metabolic
acidosis. Clearly however, the high [itness groups selected‘optimal
speeds of running that were closer to their oéset of metabolic
“acidosis. Table 3 showed thét [ifty percént of the high fit nales
selected an optimal speed of running that was + 10% of the speed at the
onset of metabolic acidosis -and that seventy cercent of the high fit.
females chose an optimal speed of running in the same range. n
contrast, at least seventy pércent of both groups of’ low filtness
sélécted optimal speeds of running that were 1n €XCesSsS of 115% of the
" treadmill speed at the onset of metabolic acidosis.

Costill et al. (16) and Farrel et al. (52), found - that regardiess
of ﬁhé chpetitive level, the highly trainéd endurance athlete could
maintain an average velocity during a mafathon which was only slightly
above his onset of plasma lactate accumulation (OPLA). Simillarly the
high f'= subjects under study selected optimal speeds of running that
\Merekonl} slightly ?bove, or"inmediately’near, the speed at the onset
of metgbglic a_gidosis. |

There was no statistically significant difference between the
sexés_in relation to thé selection of an optimal speed of running as

v

compared to the speed at the onset of metabolic acldosis. The
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proximity of the optimal speeds of running and‘thg onset of metabol 1
aéidosis‘léads one to hypokhesize that the most oomfortable speed of
running Sould be used as an effective training stimulus for high fit
maleé or females.

The low fitness individuals appeéfed to greatly overestimate thelr
aptinal speéd of Eunﬁing in relation to their onset. of“métabolic
acldosis. This 5verestimation of optimal runningy speed further
su;stantiates the rolé perceived exertion likeiy plays 1n° the seleétion
of?optimal pace. The inability of iﬁactive individuals to accurdtely
gauge thelr intensity of physical activity necessitates supervision of
low fitness individuals at the outset of fitness programs and longer
periods of familia;ity in the research setting. © By increasing the
awareness of inactive individuals to-more acéurately gauge exercise
intensities the use of the most comfortable speed of running oould also
be used as an effecti§e training stimulus for low fit individuals.

Since maximization of energy expenditure 1s a prime ,concern of
‘exercise prbérams for weight reduction, aﬁd a common reason for low fit
iﬁdlviduals to get involved in an exercise progrém, a training

3
intensity near the onset of metapolic acidosis should be 1ideal ffor

. maximizing energy expenditure while delaying fatigue.

.
»

The Power Output at Maximal Oxygen Consumption

The results of the two way analysis of variance on the power
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output data at maximal oxygen consumption with the fagtors being sex;
male and female, and fitness; high or low showed that there was o
statistically significant difference between fltness groups in  power
sutput  at maximal  oxygen conpumpt ion. Tere was, however, A
statistically significant difference between males and females 1n power

sutput at their maximal oxygen consumption. The -males' power output
Y

was %1<3mf1<,dnt1y !

Uhm;j than the te>ma10<3' power Hutput. This was

.

largely due-—-to t.'fm Mcya} unbalance of ,lf%n body tissue between .nalo%

ll\ :\$~

and [emales. "he naturally greater 1 ‘of iadlpose tissue in
women ﬁas been shown to decreaSo~ verformance 1n relatively prolonged
weight bearing work such as distance running. “’I‘he greater/amoimt of
adipose tissue which does not contribute to the body's energy producing
capacity acts as a burden, and therefore, thé ability vto glaefform any‘
gi\}en level of work 1s reduced (17). The oonsequences beiﬁq, max Lmal
oxygen consumptivon was eiicited at a lower rate of work, and the pace

that could be maintained for a given period of " time was negatively

affected.
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CHAPTER 5

: SUMMARY AND COLCLUSTORNS
2 A A SN ATt

sumnary. | \

The purpose of this stidy was (1) to detbrmine the optimal specds

\

of walking and rhnning which were chosen by the subjects as their most
cbmfortaple spegds and the steady state oxygen consumption at these
speeds during a 6 minute test, and (2) to determine the onset of
metabol 1c acidoéis by the respiratory exchange method of a minimuwn in.
the ventilatory equivalent for oxygen during a maximal oxygen
consumpt I'on test.

The first session served as a familiarity one for eath subject.
Fach subject walked and ran on the treadmill at several speeds which
served to reduce anxiety associated with the treadmill. -

The purpose of session 2 was to subjectively determine (a) ﬁhe
optimal speed of walking, (b) the optimal speed of running> as well as,
{c) the steady state oxyéen consumption at these speeds. In addition,
the percentage of body fat on each subject wag estimated using the
hydrostatic method.

The third testing session for each subject was the determination
of . their maximal oxyéen consunption and onset of metabolic acidosis

represented by the minimum of the ventilatory equivalent of oxygen.

-88-
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The data colbectod was subseouent by e Lo hivnde the 40 sab jeet,

into 4 groups based apon sex and trtness Wiich was represented by thetr
' " . -

\oenrentage  of maximal  oxyqgen  congumpt ton at o the onget of metabol e

Coacidosis. the data of these 4 groups was .uuﬁ',f:’.-xi Dy oneand two-way

analysis of variance.

Conclusions
O I
Within the limitations of this study the tollowing oconclusions

seemed Justiflable:

(1) There was no silgnificant difference 1n the selection of an
optimal speed of walking, or the relatlve oxygen uonsumption
at that speed, in males and temales of high and low fitness

. ’ .

levels.

—
ro
~—

mhere was a significant difference 1n the selection of an
) optimal speed of running, and the relative oxygen consunption

at that speed, hetween the high fit males and the low fit

females.

(3) The speed and relatlve oxygen oconsumption at the onset of
metabolic acidosis was slgnificantly higher in the high
fitness groups than the low fitess groups. There was no

significant difference between males and females.

H N .
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.

(4) hee spegd and o relat tve oxygen consunpt ton gt the apt timal
speed  of walking  was signitreantly below the speed  ond
relative  oxyqgen  conswumption  at the oncet M metabol e

W lddostn,

(") The  speed and rvl.;xti\{v oxgren  consumpt ion  at the  optunal
speed off running was not  signifwcantly different from the
speed  and relative  oxygen o consunption cat o the  onset of
metabolic  acidosis  in o the high tit amales or high fit

temales.

(6b) The males' power output at maximal oxygen oonsumptlon was

significantly- higher than the females' power output.

Recammendat ions for Further Research

More research 1s necessary to determine the dJdifferences 1n
training effectiveness around. the onset of metabolic acidosis, the
degree :)f tralning that can occur to the onset of metabolic acidosis,
and what types of training provide the best results.

An additi’onal topic tiuat surfaced from this study, that of
percelved exertion, needs to be further researched as to the mle it
plays in the selection of an optimal pace whether walking, running,
cycling swimming or any activity of a physicai nature. Perhaps this

. . .

1
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APPENDIX A

CONSEIT 1O THDERGO. TESTING

‘

I : ' hereby agree

to volunteer 1n a study to determine my optimal speeds of walking and
running and the onsct of metabolic acidosls via resplratory  gas
analysls during a progressive intensity exercise test,
T understand that T will:
a) Walk and run for a period of six minutes at speed  that
1 find most comfortable.
b) Undergo the test to determine my.body fat by the densito-
AN
metry method.
: o ,
c) Perform a maximal oxygen uptake test.
1 understand that with any type of exercise there are potentlal
"risks and at any timne during the test if I experience unusual
discomfort 1 will ask to discontinue the test.
4
In agreeing to such an exarnination, I waive any legal recourse

against the Unmiversity of Alberta from any and all claims resulting

from this fitness test.

Date: Subjert:

(Signature)’

witness:
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APPLNDIX B

INGTRIXKTTONS TO SIHHI‘X_?'I;S FOR TESTING SESSTONS

This study is conducted to determined the mlavt_ionship between the
most comfortable speeds of walking and running and  the onset of
metabolic acidosis, which is the point at which lactate begins to
accunulate 1h the muscles and blood, which ultimately leads to fatique.
The greatowr the delay in one's onset of metabolic acidosis with
progressive intensity excrcise the greater the mrdiores;‘)iratory endur—
ance capacity, or in siumpler terms, heart and lung titncs;s.s'.

It is hypothesized that when an individual exceeds his or her
optimal speeds of locomotion, whether walking or running, the body 1s
no longer capable of producing ene;gy largely througli aerobic neans and
is forced to a greater degree to utilize anaerobic means to maintain
’the energy yield. Should this prove to'be the case then the optimal
endurance training stimulus for -the normal individual or athléte should
be at or near the optimal speed of locqmotion for that individual.

In order to increase the reliability of the metabolic measurements
that will be detcrmined in sessions 2 and 3, it 1s necessary that the
following precaijtions by undertaken by you:

1)  Avoid ingesting any foods or nutrients for at least 2 hours

prior to your scheduled testiné] time

2) Avoid vigorous physical activity for at least 2 hours prior to

your scheduled testing time.

3) For each of the 3 testing sessions come dressed in shorts, top

and running shoes. For the 2nd session a bathing suit and

towel are also necessary.
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APPENDIX C

PPORMATTTON SHELTY
NAME: ; ] - Acjers MU Mot b
OCCUPATTION :
Height (1n bare feet): GG .
Welght (wi+h gvm strip): kys. e

Trarning Hablts:

o
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DETERMIUATTON OF BODY PN BY THE THDEIVATER WETGHITHC MPTHOD

MIAME e K Mumdxon s

Measuroment s

(1) werght an oair o= Y
(<) Vital Capacity (Vo) = Litros o nl 0L = UL NG,
(3)  tesidual W)lunu = 5% or 304 Vi, = . Ins.
{(4) vVolume of Gastrointﬁstinni tract (V.G.T.) = 7.00 cu. 1ns,.

i

. |
(H)  Verght an water = Chart reading x Belt werght = belt weight
75

= 1bs -

). e

C

Calculations:

(6) Total body air (T.B.A.) = Voo + RWVe + VoGo L. (from above 2, 3,4)

= " X 0362 = 1lbs.

i

(7) True welght 1n water = welght In water (5) + total body air (6)

1bs,

1

/
(3) Dody volume = weight 1n air (l) - true weight In water (7)

(9) Body density = weight 1n air (1) x density of water at .
{10) Percent Fat = 4,570 - 4,142 x 100

Body density (a)

— *
D

(11l) Pounds fat

H

vercent fat (10) x Wt. In air (1)

= < l1bs.
(12) Fat free weight = weight 1n air (1) - pounds fat (11)
= 1bs.

(13) Fat free weight in xilograms= kgs



CHARACTERISTICS CF

Name:
e

Agé}(montﬁs):
Activity: Walking
Optimal Speedi

Trgadmill Setting (%

F

Tumber s

Mass*:

-Kmh or - m/min

rpm):

6 Minuﬁe Subnaximal Walk

107

THE OPTIMAL WALK

1bs.. ~ kgs.

Y

&

Time (Secs)

"Heart Rate

\/O2 ml/min

Y0, ml/kg/min |

30

v - .

60

90

120

150

7]

180

210

270

300

330

360 '

Stéady State

* With running shoes



CHARACTERISTICS OF THE OPTIMAL RN

g Name :

S Age (months):
;Acﬁivity: Running

Optimal Speed:

7réadmill Setting (

)

XmHh or

% rpm):

-~

Number :

Mass*:

mymin

6 Minute Submaximal Run

108

lbs. kgs.

Time (Secs)

Heart Rate

VO2 ml/min

Vbz ml /kg/min

30

60

90

120

150

180

210

240

270

1300 \1

330

360

Steady State

* With running shoes
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MAXIMAL OXYGEN UPTAKE-ON TREADMILL TEST

Name:

Mass: : : kgs.

Max. 0o consumption:
Treadmill speed (% max rpm):
Treadmill'Speed: Kmh or

Heart Rate:

Onset of Metabolic Acidosis:
Treadmill speed (%.max rpm):
Treadmill speed: Kmh or

Heart Rate:

Percentage Of Maximal'OQ Consumption at Onset of Metabolic Acidosis:

Nunber
Age (yrs):

(ml/kg/min)
érade:

m/min

(ml/kg/min)

n/min
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APPENDIX D

DETERMINATION OF FOWER OUTPUT AT MAX V0, :

Sine of angle g x Distance along incline
(Sine ® ) x (B)

VErticél Distance

"

Sine 8 = 0.0349
Speed = 121.7 metres/minute
“*ime = 1.0 minute

‘Subject weight = 75.0 kgs.

v ‘
;B‘= (121.7 m/min)(1.0) = 121.7 metres
X = (121.7m)(0.0349) = 4.24733 metres
Power. Qutput = Weiéht’(kgs) x Distance (metres) = Kkg/inetres/min
) Time (minutes) '
= 7540 x 4.24733 ”;’ 318.550 kg/metres/min
1.0 '

* power Output was determined for a time peried of 1.0 minutes for all

sdbjects

a2
N g@;
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APPENDIX E

°

STATISTICAL TREATMENT OF DATA
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Table 7

113

Significant Differences Between Groups Using Scheffe Test For the

Optimal Speed of Running

H1 Fit
Males 174.61

Lo Fit
Males 160.87

i Fit
Females 152.46
o Fit .
Females 138.20

Hi Fit
Males
174.61

o Fit
Males
160.87

3,07

Hi Fit o Fit
Females Females
752.46 138. 20
- 7.97 21.53%
1.15 ‘ - 8.35
0 3.30
0

*5 < 0.05
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Table 9

Significant Differences Between Groups Using Scheffe Test For the

Treadmill Speed at the Onset of Metabolic Acidosis

Hi Fit [o Fit Hi Fit [0 Fit

Males Males Females Females
164.59 124,12 143.66 116.31
H1 Fit
" Males 164.59 0 29,00* 7.76 41,28*
o Fit
dales 124.12 - . -0 6.76 1.08
~Ini Fit ,
lremales 143.66 » 0 13,25
o4 eic :
remales 116.31 ‘ . 0

*p <0.05



116

Table 10

Significant Differences Within Groups Using Scheffe Test for the

Difference Between the Optimal Speed of Walking and the Onset of

Metabolic Acidosis

-

ONSET OF METABOLIC ACIDOSIS

Hi Fit o Fit Hi Fit Io Fit
Males Males Females Females
164.59 124,12 143.66 116.31
Hi Fit ,
OPTIMAL Males 90.01 147.34%*
SPLED '
WALKING o Fit .
Males 87.47 35, 58%*
Hi Fit -
Females 82.25 99,90*
o Flit
Females 79.21 - ‘ 36.46*

*p < .05 L _ -



Table 11

significant Differences Within Groups Using Scheffe Test tor the

Difference Between the Optimal Speed of Running and the Onset of

Metabolic Acidosis

ONSET OF METABOLIC ACIDOSIS

11 Frit LO. it i Fit [0 Fit
Males Males Females Pemales
164.59 124.12 143.66 116.31
Hi Fit _ .
OPTIMAL Males 174.0: 0.24 -
SPEED
WALKING | Lo Fit
Males 160.87 3.27%
Hi1 Fit
Females 152.46 0.19
Lo Pit
+ Females 138.66 1.1l6

o <,05
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Signiticant Differences Between Groups Using Gehelte Test Por the

ke lative Oxygen Consumpt ion at the Optimal speed ol Running

M1 I'it [y 1t th it o It
ales Males Poma Les Fesnales
33440 30.63 29,65 27,71
H1 1t
Males 33.40 0 3.22 5.9 13.57*
|We) Fit . ‘
Males 30.63 N 0.40 3007
Hi Fit
Females  29.65 0 1.58
lo it
Females 27.71 0
*5 < 0,05

TN
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Table 16

¥

Significant Differences Between GroupS»Using Scheffe Test For the

Relative Oxygen Consumption ‘at the Onset of Metabolic Acidosis

Hl Fit

Males 30.40

Lo Fit

Males 19.51

Hi Fit A
Females 27.16
o Fit

Females 20.20

Hi Fit
Males
30.40

oMt
Mo

19. 51

53.35*

Hi Fit

. Females

27.16

4.72

26.33*

o Fit

Females

20.20
46.80%
0.21

21.79

ﬁ><0fﬁ
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Table 17

Significant Differences Within Groups Using Scheffe Test for the

Difference Between the Relative Oxygen Consumption at the Optimal

Speed of Walking,and at- the Onset df'Metabollc Acldosis

PR
e

OPTIMAL
SPLED
WAL%}NG

- H1 Fit

Males

[o Fit
Males
Hi Fit
Females

- Lo Fit

Ferales

14.49
14.28
12.98

13.23

ONSET OF METABOLIC ACIDOSIS

Hi Fit-

1o Fit Hi Fit o Fit
Males Males Females Femdles
30. 40 19.51 27.16 20. 20
“
135.43%*
14.63
107.58%
25.99*

*n< .05
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Table 18

Significant Differences Within Groups Using Scheffe Test for the

Difference Between the Relative Oxygen Consumption at the Optimal -

e
§oas

Speed of Running and at the Onset of Metabolic Aclidosis

J
| ONSET OF METABOLIC ACIDOSIS
$ Hi Fit o Fit - i Fit o Fit
Males Males Females . Females
30. 40 19.51 27.16 20%20
Hi Fit )
OPTIMAL Males 33.40 3.91
SPEED ‘
WALKING o Fit °
" Males 30.63 53. 66%
N it |
remales 29.65 2,69
[o Fit _ - \
Females 27.71 24, 48%

*o < .05
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Table 20 g

Significant Differences Between Groups Using Scheffe Test For the

Differences Between the Optimal Speed of Walking and Onset of

- Metabolic Acidosis

126

Hi Fit o Fit HL Fit
Males Males Females
127.30 105. 80 112.96
Hi Fit ) .
Males 127.30 0 8.15%* 3,63%
o Fit ' H g
Males , 105.80 0 0.90
Hi Fit
Females 112.96 - _ ) -0
o Fit

Females 98.13

o Fit
Females
98.13

15.00*

1.04

3.88%*

 *p <0.05
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Table 22

Significant Differences Between Groups Using Scheffe Test For the

Differences Between the Optimal‘Sbeed of Running and Onset of

Metabolic Acidosis

Hi Fit o Fit Hi Fit o Fitw

Males Males Femal es Females
169.60 142.50 148.06 - 127.63
Hi Fit ‘
Males 169.60 0 8.29% _5.24* 19,88%
1o Fit o |
Males 142.50 o 0. 35 2.50
Hi Fit v a
Females 148.06 : 0 4,71*
Lo Fit
Females 127.63 _ \ 0
*p< 0.05
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Table 24

Significant Differences Between Groups Using Scheffe Test For the

Dif ference Between the Relative Oxygen Gbnsumgtion at Optimal Walk Speed

and the Onset of Metabolic Acidosis

Hi Fit o it 11 Fit o Fit
Males Males Females - Females
21.75 16.90 20.07 : 16.72
Hi Fit : ' ‘ /
Males 21.75 0 6.71* 0.80 7.22%
Lo Fit
Males 16.90 0 2.88% 0.002
Hi Fit :
Females 20.07 . . 0 3,21*
Lo Fit
Females 16.72 ' 0

*b < 0.05

*
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Table 26

-

significant Differences Between Groups Using Scheffe Test ['or the

Difference Between the Relative Oxygen Consumption at Optimal Run Speed

and the Onéet of Metabolic Acidosls

Hi Fit [o Fit Hi Fit o Fit

Males Males Females females
31.90 25.07 28.41 23.96
[l Fit :
Males 31.90 0 : 13.50* 3.53* 18.22%
o Fit . )
Males 25.07 0 3.22* 0.36
HL Fit | ,
Females 28.41 < 0 5.73*
Lo Fit | ,
Females 23.96 - 0

*o <0.05
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APPENDIX F

RAW DATA
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