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ABSTRACT

The purpose of this study was to Lavestipate
cardiovascular and perceived exertion (RPE) responses
to cycling velocities (CE) ot 40, 60, 80 and 100 vpm
at low, medium, and high power outputs (60, 595 and 70w
of VOzmax). Nineteen vyounyg healthy physically
active males participated in the study consisting of a
VO, max tes* and four <cycling velocity treatment
tests on a constant load cycle erpometer.

The cycling velocity tests, conducted 24 to 48
hours apart, requicted the subject to c¢ycle at one
velocity for 4 minutes at low power output (PO, 5
minutes at medium PO and 5 minutes at high PO. Oxygen

uptake (V02), heart rate (t'=), RPE, blood pressure,

stroke volume (SV) (determined ny impedance
cardiography), and cardiac output (CO) were
monitored. Blood samples for venous lactate
concentrations (BdlLa) were drawn immediately

pre-exercise and 5 minutes post-exercise.

Data were analyzed  using a two-way analysis of
variance (ANOVA) with repeated Me dnire s, I8
Newman-Kuels' post hoc test wis conducted 1o determine
individual mean differences.

At low and medium PO, the cycling veloeitvies that



produced t he lowe st demands on the cardiovascular

system (optimal cveling  velocities) were 40 to 80
rpm. Mo  diff-rence  existed (p>.05) in VO,, HR_ SV
GO, MAP AND RPE Sipnificantly higher cardiovascular

responses (p- . 09) occurred at 100 rpm (V()?, HR, CG,

MAP) . At high pry 60 and 80 rpm placed the lowest
demands on the cardiovascular systen and no
significant difterence exicty 095) In V07, HR .
SV, co, MAP, SVR and RPE. bo: cnd 10U rp- @ ed
higher demands on the cardiovascular syste a. Y

BdLa and RPE were higher (p<.09) at 40 rpm than those
At 60 and B0 vpm. At 100 rpm VO, HR, C0O, Bdla and
RPE were sipniticantly higher (p<.05) than result. at
60 and 80 rpm and all but RPE results were higher than
those elicited at 40 rpm Cpe . 5.

The increased VO 4, co, and Bdla at high
cycling velocity (100 rpm) secmed to te a result
increased static contraction of trunk and upper body
muscles necded to  provide stability. The possible
cause  of elevated VO, and BdLa tor slow «cycling
velocity (40 rpm) at high PU was increased upper body
and  trunk  muscle jrvolvermoent and higher portions of
anaerobic  metabolism o . result of the lurger force
required tor cach pedal STroke.

The st :iv  demonsirated that for young healthy

phvsically active males ~0 ind 80 rpm were the optimal
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CHAPTER 1

INTRODUCTION
Maximum oxypen uptake (VOpmax) has ilong been
used by ¢«cr-1s5¢ physiologists as & easur. of the
ability to perform continuous phys) 4l work (Astraund
and Rodahl, 1 186 Glassford et al., 1Y65). ALLhiouy
some authors utilize the terms maximum aerobic power

and aerobic capacity synonymously (Brooks and Fahey,
1984) , others (Astrand and Rodahl, 1986; MacDougall et
al., 1983) define ‘aerobic’ capacity as the total
amount of adenosine triphosphate available for
oxidation through aerobic processes while ‘aerobic’
capacity is definred as the maximum amount of oxygen
that can be taken wup per unit time, in spite of
further increases in exercise intensity. The latter
value is termed maximum oXxygen uptake (VOzmax) and
is measured in absolute terms in liters per minute or
relative terms in milliliters per ki‘ogram of body
weirht per minite.

Nume rous rethods of assessing maximal oxygen
uptake have been developed (Astrand et al., 1959,
Balke and  Ware, 1956: Mitchell et al., 198, Taylor,
1941) . Maximum oxygen uptake is still considered one
of the mos?: objective measure in determining

cardiovascular fitness (Shepherd and Shepherd, 1987).



If a precise measure of oxvgen uptake is required,

then direct assessment is necessary. It however,
exact measure is not required or possible, then
predictive VO,max test may be used. Most predict’ve
tests are based on the relationship that exists
Yetween oxygen uptake and one or more variables . The

variable is monitored at submaximal workloads and then
V02max is predicted from submaximal values (heart
rate is frequently used). Submaximal assessment is
appropriate if: precision is not essential; testing

time 1is short; and/or subjects safety is a concern

Direct determination of maximum oXxXygen uptake is
expensive, time consuming and presents a potential
risk to subjects. It requires expensive equipment,

highly trained evaluators, a laboratory setting, and
often restrictive selection of subjects.

As a result of these limitations, many
investigators Thave attempted to develop submaximal

tests which are safe, valid, reliable and less complex

(Astrand, 1952; Astrand and Ryhming, 1954, Bruce et
al., 1973; Margaria et al. . 1994; Sjostrand, 19417) .
Berggren and Christensen (1950) were amoung the

first to find a linear relationship between heart rate
(HR) and oxypgen uptake (VO, ). Thev outlined the
first conditions wunder which oxypen up*are could be

predicted from heart rate emphasizing inter-individual



differences due to age, sex, task and temperature.
Althougph other physiological parameters have been

investigated as indirect determinants of oxygen uptake

(Astrand and Rodahl, 198¢) they have been found to
produce a larger margin of error than the use of heart
rate. Conseaguently, heart rate has predominated as

the best indirect predictor of oxygen uptake.

Numerous c¢ycle ergometer tests have been developed
to predict oxygen uptake (Andersen and Hermansen,
1965; Astrand, 1965 ; Sjostrand, 1947) from the
measurement of heart rate and power output (PO).
Formulae, nomograms, and graphiry t -"hniques which
rely on the linear rel itionship hetween heart rate and
power output (Astrand and Ryhming, 1954; Bruce et al.,
1973) have been used.

Numerous investigators (Andersen and Hermansen,
1965 ; Astrand, 1952; Sjostrand, 1978) have compared

submaximal estimation of maximal oxygen uptake with

actual values and found the methods valid and
reliable. Coefficients of variance of 5% to 15% for
validity measuvres and 3% to 7% for reliability

measures have been reported by these researchers.
However, most significant were the findings of
Glasstord et al. (1965) in  the comparison of two

maximal treadmill tests (Mitchell et al., 1958;



Taylor, 1941), one maximal cycle erpometer test
(Astrand, 1952) and a submaximal cycle ergometer test
(Astrand and Ryhming,, 1954) . They tound the
correlation of maximal oxygen uptake between values
predicted by the submaximal test and any direct method
was equivalent to that between anv (wo of the dirvect
methods. This and similar tindings (Andersen and
Hermansen, 1965: Astrand, 1965) resulted in acceptance
of standards for «cycle ergometry testing at the 16th
World Congress on Sports Medicine in Hanover, Germany

(June 1966) by the International Council of Sports

Medicine and Physical Education (1CSPE)  Research
Committee for International Standardization in
Ergometry (from Mellerowicz and Smodlaka, 1981). The

primary recommendation was that cycle erpgometer tests
should be conducted at cycling velucities of 50 to &0
revolutions per minute (rpm) tor International
Standardization.

Since 1966 studies hawv. been conducted bv
many researchers investigating, the relationship
between cycling frequency and oxypgen uptake (Bannister
and Jackson, 1967 ; McFKavy and  Bannister, 19/76),
respiratory gases (Gueli snd Shephard, 19/6); heart
rate (Eckermann and Millahn, 1967 Michielli and
Stricevic, 1977); fiber recruitment patterns (Moffatt

and Stamford, 1978; Seabury et al . 1977): cycling



efficiency (Coast et al., 1986 ; Sjostrand, 1978;

Takano, 1987) ; blood lactate (Burke et al , 1981;
Buchanar. and Welrnman, 1985); efficiency (Gaesser and
Brooks , 1975); perceived exertion (Pandolf and Noble,
19713, Catarelli, 1978, Borg et al., 1985, Edwards et
al ., 1971, Ek¥kblom and Goldbarg, 1971); or a
combination of these variables (Lollgen et al., 1980

Gamberale, 1972, Hagberg et al., 1981; Boning et al.,
1984) .

These studies have included: investigation of
few cardiovascular variables, small power output
ranges, too tew cycling velocities (CR), small samples
and/or heterogenous samples. These authors have
attempted to explain the differences in physiological
responses to cveling velocities without investigating
cardiac output (CO0).

Since the primary cardiovascular adjustment
results tion the fact that oxygen uptake s the
product ot cardiac output and arteriovenous difference
(d-VO? dift; th. difference in oxygen content of the
hlood entering and leaving the pulmonary capillaries),
it is imperative to evaluate cardiac output. The
investipation ot cardiac output should provide an in
depth understanding of the cardiovascular response to

cveling velocities.



A. PURPOSE

The purpose of this study was to investipate
cardiovascular and perceived exertion responses to
cycling velocities ot 40, 60, 80 and 100 revolutions
per minute (rpm) i1t power output equated to HO%, HOH%
and 70% of maximum oxygen uptake (VO ,max) in youny,
healthy active males . Nineteen males participated in
the study which <consisted of a VOjmax test and four
treatment tests (one for each cycling velocity) on an

electric constant load cycle ergometer.

B. HYPOTHESIS

The research hypothesis for this study was that no
difference existed in any of the physiological or
perceived exertion responses between the 4 cycling
velocities at equivalent power outputs.

Statistical Hypothesis: Ho: X-X - 0

Hi: X-X = 0



CHAPTER 11

4P THODS AND PROCEDURES

A SUBTECTS

Twenty-tour healthy, physically active,
non-smok ing, male volunteers were subjects in this
study however, ounly 19 completed all phases (4 were
injured  precluading turther participation and one moved
away from the city). All subjects were physically
active (training approximately three hours aerobically
cach week), were familiar with «cycling and maximum
oxypen uptake tests on the cvecle ergometer. subjects
were fully informed ol the purpose of the experiment
and written consent wi- obtained prior to commencement
ot the study (Appendix A). The study protocol was

approved by the I, .ti:utional Ethics Review Committee.

B. FNVIRONMENTAL CONDITIONS

Temperature has been demonstrated to affect

heart rate, oxvgen wuptake and other physiological

parametets (Rowell, Tavlor and Wang, 1964%: Toner et
al ., Lu¥)y . In this study v tative humicdity was not
controlled, and temperature was monitored and found to

he consistent (2?2 to 24 degrees celcius) during all



testing. [nh ti e ‘aboratoryv, relative humidity varied
only slipghtly Laboratory trattie and  othen
distractions were minimized during all data colleciion
to reduce possible eftects on physiolopical parameters
at low power outputs (Astrand, 1950 Tavlor et al

1955) .

C. TESTING STATE STANDARDIZATION

All subjects wer. post abroe .ve for a mimimum

of three hours and did not take pe ' in any strenuous

exercise or physical activity for twelve hours prion

to testing. These factors have been shown to attect
heart rate and cardiac output (Astrand and Rodahl,
1977; Taylor et al ., 1963). Subjects were scheduled

at the same time of day for every treatment test to
reduce biological variability (Brooks and Fahey,

1984) .

D. STUDY OUTLINE

The experiment consisted ot 6 separate sessions
in the laboratory (lab): a familiarization cessiong o
maximum oxypen uptakv test, and four treatment tests

The familiarization session W, “ one hour

session to brief and a:low the subjects to be c ome



familian with the lab and testiny ¢ nditions Duriny
this session subjects we e exposed to mini-trials
which allowed familiarization with the tus and
experimental conditions (cycling frequency, .mpedance
cardiopgraphy, respiratory gas analysis, and blood

pressure [BP] determination).

The maximum oxygen uptake test (VO,max) Wa o
conducted 2N hours after the tamiliarization sessions
on the electrically braked constant load cycle
ergometer .

The four treatmen® tests wWwere conducted on &4
separvate days, each at least 48 hours apart. The
first treatment test for each subject was scheduled a
minimum of 48 hours after the VO,max test. In order
to reduce intra-subject biological variability each
subj.. .t  was scheduled at the came time of day (Davies

at o Sargeant, 1975). During the treatment test, the

subject cycled at one cycling rate (40, 60, 80 or 100

rpm) . Subjects were randomly assigned to a specific
treatment test order. With 24 possible permutations
ot the four cycling rates, each subject had a
dittereunt exposure order to the treatment tests (¢
Appendix  B). During the treatment test the sutl ject

cveled at the predetermined rate for 3 workloads; the
tirst workload was <c¢yc ng at a power output equated

to 40% of VO?mnx for & minutes: the second workload



was Cowo Dy al C e ol VO,max tor S ominate o oand the
final workload was voominutes  oveling oat "Ow ot

VO?mnx.

L. TESTING APPARATUS

ThHe eqaipment used in this study included 1 a
constant load electric cycle erpometer (Model 740,
Siemens HElema, Stemens Flectric Led ., Mississuapa,
Ontario) . a magnetic cycling revolution counten

(Cateve Micro Cyclocompter Model CC-6000, Tsuyvama Co
Led ., Japan) . Beckman lltetabolic Measurement Cart
(Model MMC-Cat5542//, Advanced Technology Operations,
Fullerton, CA),; a Minnesota Impedance Cardiograph
(Model 104B Surcom Inc., Minneapolis); 4 cpannel Gould
ink recorder and amplitier (Model B188-407
Ballainvillers, France), Gould lsolation Transformer
(Model 882895-3, vould ine Cleveland, Ohioy,
Baumanometer Mercury Sphygmomanometer (Model Standby,
WA Baum Co. Inc., Copiagne, New York) and stethescops
cardiotachometer (Sport tester, Model Y000, Pola
Electro. Fempsle, Finland); a4 tape measure (mm, , bloord
sampling eyiipment; Sybron Thermolyne Mixer —Mode!
M-16715": Sovall General Lab Centri’upe (Mode L2
Dupont) ; and a UV/V1s Phillips Spectrophotometen

(Model PUB8OO Pye Unicam Ltd., Cambridgse, Fugland)
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a GENFPAL METHODS

i’ Stirobe Volume and Card

[ n this study 5t
were measured using
Cardiopraphy Model 304B

Impedance  Cardiopgraphy

method ot measuring hea

which cardiac output may

involves the placement

mvlar-backed riaminum e

and thorax A weak fr

passed through the outer

alternating current is u

the frequency is so

stimulating the heart

Oon cach visit to

subject teported

post-abhsorptive. The

disposable  mviar-backed

atround the necek

placed

anvy measurement . Two

(Kubicek et

the

meed tor every subject during
jac Outpat Measuremoent
roke wvoliume and cardiac output

the Minnesota Impedance

(Surcom Inc. Minneapolis).

atraumatic

is a non-invasive,
rt rate and stroke volume from
be calculated. The technique

of self-adhesive disposible

lectrode bands around the neck

¢quency alternating current is

two electrodes. The constant

ndetectable bv the subject and

high is incapable of

al. 1966) .

laboratory for testing, the

at least three hours

four bands of self-adhesive

aluminum electrode tape were

1

and ¢! st 30 minutes prior to

bands were placed around the



neck ) to Y cmoaparnt the thitrd around the trunk at

the level ot the viphisternum and the toutrth ar a
level just above the amhilious When connected the
two outel clectirodes transmitted a constant
sirnusoidal, alternatine current (4 ma RMS and 100 KH=»)

through the thorax and the changes in transthoractc

electrical jimpedance  were detected hy the {nner two
electrodes (Figure 2.1) Mean toial transthoracice
impedance betweel the inn'r electrodes (Zo) was
computed and displaved hy the Impedance Cardiopraph
Simultaneous recordings of the 1ate ot change ot
impedance throupgh each phase ot the cardiac cycle

(dZ/dt), were made through the electrocardiograph and
phonocardiograph orn 1 4 channel ink recorder at
paper speed of 50 mm/s (Model 8188-402, Gould Inc.,
France) . The heart rate, dz/4dt min, and left
ventricular ejection time, were obtained from the

recordings as shown in Figure 2.2, Calculation ot

scroke volume was mad» using the following equation:

X R . ?
St one Volume P x LY « dZ/dt X T
I 5 .
7o
where P = electrical revistivity ot blood at body

. 0t . .
temperature (P - Yy 2e > )7?“). 1 - hematocrit (%), L
- average distance (cm) between the inner pa.r of
electrodes measured at the anterior and posterior

midline, Z - meanv transthoracic impedance (ohme«)
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between the innerv two electrodes, dZ/dtmin - minifmum
value for tne rate of change of impedance (ohms)
occuring during the cardiac cycle, T = left
ventricular ejection time (s'.

Recordings were ma o at rest and during
exercisec . It was *ound that movement caused by

respiration and exercise

introduced artifacts into the recordings. These
artifacts were avoided by 1 ~ting the subjects to
stop all movement, remain ess and hold their
breath at normal end-expira:’ cor approximately 5
seconds, while 5 to 10 cardiac cycles were recorded
(Hetherington et al., 1985). Five cardiac cycles were
used for the calculation of stroke volume. The

hematocrit was measured from blood samples drawn from
an antecubital vein immediately prior to exercise, and
at 5 minutes post-exercise. The hematocrit value was
interpolated hetween pre-test to post-test blood

samples to correspond to the impedance cardiography

recording.

ii) Measurement of Maximal Oxygen Uptake

Maximal aerobic power was determined by
measuring oxygen uptake during a modified incremental

exercise test (Thoden et al ., 1983) on the cycle



ergometer. The subject cycled at 60 rpm. The initial
power output was 100 watts (W) with 50 watt increments
added every two minutes.

The physiological measures obtained every 30

seconds were ventilation volume (Ve), volume of carbon

dioxide produced (VCO,), volume ot oxygen consumed
(VOy) respiratory exchange ratio (R) and heart rate
(HR) . The peak oxygen uptake value obtained during
the exercise test was recorded as VO,max. Expired

gases were collected continuously and analyzed every
30 seconds the Beckman Metabolic Measurement Cart.
Standard gases of known concentration were used to
calibrate the gas analyzers before and after each
test. Heart rate was recorded every 30 seconds using
the cardiotachometer and a simultaneous ECG strip was
run on the impedance recorder (in the last fifteen
seconds of each workload). Blood pressure was
measured using a mercury sphygmomanometer at rest and
during the last 30 seconds of each workload throughout
the incremental test. Impedance cardiography
recordings were taken at end of each workload using
the Minnesota Impedance Cardiograph.

The exercise test continued until at least one
of thefollowing end point «criteria for VO max had
been achieved: oxygen uptake increased less than 50 ml

with increased workload; a heart rate of 90% of age

15



o

predicted maximal heart rate was attained; or, the
subject was unable to continue. Appendix € provides a
detailed description of the maximum oxygen uptake test

protocol.

iii) Workload Determinat ion

In order to determine the power output necess
to equate to 40, 55 and 70% of VOzmax, the results
of the VO,max test were utilized. Oxygen upt. «
(1/min) was plotted against power output (watts) o
each workload for every subject and the percentapge «
maximal oxygen wuptake was .determined (that is, th
oxygen uptake equal to 40, 55 and 70% of VO,max,
The power outputs were interpolated from the graph at
the required oxygen uptake for each subject. These
were the power outputs, equated to 40, 55 and 70% of

VO,max, used for every treatment test.

iv) Treatment Protocol

Each subject attended four treatment tests,
scheduled a minimum of 48 ‘hours apart. Identical
protocols were utilized for each treatment. The only
difference between the treatments was the rate at

which the subject cycled (40, 60, 80 or 100 rpm). The



detailed treatment test protocol is contained in
Appendix D.

In brief, the protocol consisted of the
following: anthropometric measurement (height and
weight), cardiac impedance measures; a 30 minute rest
period, (seated) ; affixed the subject with headgear
and mouthpiece tor respiratory gas coliection;

collection of respiratory gas analysis for a  minutes

rest period; resting physiological measures taken
(heart rate, stroke volume, cardiac output and blood
pressure) ; a blood sample drawn from an antecubital
vein: an incremental <cycle ergometer test; 1 and 3

minute seated recovery, physiological measures taken;
and a S5 minute, post-exercise, blood sample drawn from
the antecubital vein.

During the tests, subjects vreathed through a
low resistance respiratory valve and expired gases
were collected and analvzed by a pre-calibrated
Beckman Metabolic Measurement Cart (this occurred from
2 minutes pre-exercise to 3 minutes post-exercise).
Oxygen uptake and heart rate were recorded every 30
seconds. The heart rate was recorded
every 30 seconds using a cardiotachometer simultaneous
measurements of heart rate were recorded during rest,
in the last 19 seconds of each workload, and after 1

and 3 minutes of recovery using the cardiotachometer

17



and impedance cardi{ograph. Blood pressure was
measured during rest, the last minute of cach
workload, and at 30 seconds and 2:30 minutes of
recovery using a mercury sphygmomanometer. During the

final minute of each workload, a rating of perceived
exertion (RPE) was obtained using the Borg Scale
(Borg, 1970) . Blood samples were drawn atter 132
minutes rest (immediately prior to exercise) and 9

minutes after cessation of the final workload.

v) Plasma Lactate Concentration

Whole venous blood was drawn from an
antecubital vein after 32 minutes rest and at 5
minutes post-exercise (recovery). In eack case 0.5 ml
of blood was immediately pipetted into a cold
vacutainer containing 2.0 ml of chilled perchloric
acid. The perchloric and whole blood was mixed with a
Sybron Thermolyne Mixer (Model M-16715) and placed on
ice for S5 minutes to ensure protein precipitation was
complete. The vacutainers were then centrifuged usinyg
a Sovall General Lab Centrifuge (Model GLC-4, Dupont)
for 15 minutes. The de-proteinized supernatant (clear
liquid) was pipetted into a pre-chilled sterile
vacutainer which was

stoppered and frozen, at approximately -73 degrees



Celeius, until analysis was performed.
The assay used was based on the principle "hat
lactate dehydropgenase (LDH) catalyzes the reverse

reaction between pyruvic acid and nicotinamide adenine

dinucleotide reduced (NADH) to produce lactic acid and

nicotinamide adenine dinucleotide (NAD) . In order to
force the reaction to completion, formed pyruvate et
be trapped with hydrazine. The increased absorbaunte

due to the formation of NADH provides the measure of
the original lactate concentration. The analysis was
performed spectrophotometrically at 340 nm according
to the Sigma Technical Bulletin No 825-UV (1981). All
chemical reagents were obtained from the Sigma
Chemical Company.

All the samples were analyzed in triplicate and

the mean absorbance re.ling was used for calculation
of lactate concentrations. One third «f the lactates
were analyzed per reagent mixture. A standard curve

was constructed for each reagent mixture based on six
samples of known concentration. Additionally., 12

samples were chosen at random and assayed with each

normal assay sample. In total 36 samples were
analvzed twice with different reagent mixtures
(Appendix H) to ensure that the results were
consistent across assay runs, reagent mixture and

standard curves (r = 0.94, standard error of 9%).



G. STATISTICAL ANALYSIS

Statistical analysis of the e¢ffect ot cycling
velocities and relative power output was determined by
a two-way analysis of variance (ANOVA) with repeated
measures (Winer, 1971) . The relative power outpul
factor consisted of 3 levels: power outpul equated to
40, 55 and 70% of VO,max. The factor of cycling
velocities was repeated on four measures: 40, 60, 80
and 100 rpm. If a significant F value was attatned
for a variable at a power output and cycling velocity
indicating a significant interaction between the two
factors, a Newman-Keuls’ multiple means comparison
procedure was performed to assess the significance of
specific difference between the mean values for each
cycling velocity at each PO (Ferguson, 1981; Winer,
1971). Cycling velocity and blood lactate
concentrations were analyzed using a one-way analysis
of variance with repeated levels and a post hoc

Newman-Keuls’ procedure because only one level of the

power output factor was evaluat « K minutes
post-exercise). Linear regressions - output
on oxygen uptake were performed as rep re to
include all three power output leve are

represented as mean plus or minus ti ‘rror

20



of the

mean (mean * SEM). Significance

is associated

(p<.05)

unless

with a

otherwise

in this thesis

probability of less than 0.05

indicated.
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CHAPTER 111

RESULTS
A. SUBJECTS
Nineteen male subjects participated in the
study. All subjects were physically active males

(mean age of 27 t1 years), ranging in ape frem 17 to
35. They all were participating in aerobic titness
activities of not less than 3 hours per week.

Subject characteristics are presented in Table
3.1 (detailed subject <characteristic protiles are
contained in Appendix E).

Table 3.1 - Subject Characteristics
(Mean * SEM, Range)

CHARACTERISTICS MEAN SEM RANGE
AGE (years) 27 11 17 - 35
HEIGHT (cm) 180.0 t2.1 169 O - 1960
WEIGHT (kg) 76.0 t2.6 5405 - 96 .Y
VO,max 3.93 +0.11 3.00 - 4.68
(1/min)

VO, max 52.1 t1.7? 9.7 - 6007

(ml/kg/min)
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K. ANALYSIS OF RESULTS

The power outputs required to elicit 40, 55 and
/0%  of VO, max for cach subject were calculated. The

mean power outputs (+SEM) were 111 (%3) watts at 40%

of VO?mnx, 167 (t5) watts at 55% of VOzmax and 223
(t7) watts at /0% of VO?max. These power outputs
(40, 5% and JOS V02max) are referred to as low,
medium and high power outputs, repectively.

The variables investigated in this study are

oxygen upt at heart rate, stroke volume, cardiac
output, e “terial pressure, systemic vascular
resistance, ind rate of perceived exertion. Oxygen
uptake, hear: rate, stroke volume, systolic and
diastolic blood pressures were measured. Cardi e
output, mean arterial pressure and systemic vascular
resistance were calculated. Cardiac output was

calculated as the product of heart rate and stroke
volume. Mean arterial pressure was calculated by

adding diastolic blood pressure to one third of the

difference between systolic and diastolic blood
pressures. Systemic vascular resistance was
calculated by dividing mean arterial pressure by
cardiac output. Indiridual subject raw data are
contained in Appendix F. The means (*SEM) are

summarized in Tables 3.2, 3.3 and 3.4 for low, medium

e



and high power outputsa, respectively

In order to test for the signiticant ditterence

between means for any variable and the tour cycling
velocities, a repeated measures analysis of variance
(ANOVA) was used. For variables observed over 1 powen

outputs, a two-way ANOVA with repeated measures wao
conducted. For variables only observed at one level
one-way ANOVA with repeated measures was employed A
Student Newman Keuls’ post hoc test was conducted on
all significant interactions for any variable at a

power output.

TABLE 3.2 - Physiological and RPE Responses at Powen
Output Equated to 40% VO,max
(Mean % SEM)

Variables 40 rpm 60 rpm Y rpm 100 rpm
Vo, 1.55 1.55 1.63 1.99
(1/min) (¥0.04) (+.04) (+0.04) (t0.05)
HR 111 110 115 129
(bpm) (£3) (%3) (*3) (+3)
Y 116 113 112 116
(ml/beat) (%6) (*6) (¥6) (49)
co 11.51 11.32 11.63 13.99
(1/min) (+0.29) (20.27) (+0.31) (t0.30)
MAP 96 97 94 107
(mmHg) (¥2) (*+2) (+2) (+7)
SVR 679 697 6956 590
(dyn-s/cm>) (£25) (+28) (+24) (V17
RPE 8 8 8 9

(Borg) (*+0) (*x0) (+0) (+0)




3 Phveiological and RPE Responses at Power
Output Equated to 55% VO,max
(Mean ¢t SEM)

Vartables - dhm;bm 60 rpﬁw 80 rpm 100 rpm
vo, 2.29 2.20 2.26 2.61
(1/min) (+0.017) (+0.06) (+0.07) (0 8.
HR 139 134 140 153
(bpm) (+3) (+3) (+3) (+3)
SV 117 118 116 115
(ml/beat) (+9) (+95) (+5) (%95)
co 15.959 15.15 15.47 17.14
(1/min) (+0.33)  (+0.31) (+0.36) (+0.38)
MAP 106 102 102 103
(mmHg) (+2) (+2) (+2) (x2)
SVR ] 548 540 533 487
(dyn-s/cm’) (+19) (+16) (+17) (+13)
RPE 12 11 11 11

(Boryg) (id) (0) (*0) (20)




TABLE 3.4 Physiological ind RPE Responses at Powen
Output Fquated to TO® VO ,maxN
(Mean + SEM) '

—__\;-ari‘a-blvsi a0 x pm 0(771;);, "_azr—r;m 100 tpm
VO 10 2.91 2.9% 3. 74
(1/min) (+0.08) (:0.08) (Y0 08) (Y0 08)
HR 168 161 16/ 173
(v 'm (1) (+3) (+Y (3
SV 115 114 111 114
(ml/beat) (+4) (*4a) (3 (v
co 18.82 18.01 18 17 19.69
(1/min) (*0.42) (20 .44) (r0 . 195) CO LA
MAP 111 110 108 107
(mmHg) (*2) (2) (+2) (+2)
SVR 476 486 474 L4g

dyn's/cm”) (*13) (+¥16) (+14) (t10)
RPE 15 13 13 14
(Borg) (x> (+0) (+0) (t1)



i) Oxygen Uptake and Cvcling Velocity

Variations in oxygen uptake with «cycling
velocitics were evident for the full - npe of power
outputs. At all power outputs (low, medium and high),

oxygen uptake for 60 rpm was lowest and was the
highest at 100 rpm . Oxygen uptake at 60 and 80 rpm
was not significantiy different at any power output.
For low and medium power outputs, oXygen uptake at 40
rpm was similar to 60 and 80 rpm; however, at high
power outputs, oxygen uptake for 40 rpm was
significantly higher than for 60 and &0 rpm, but
significantly lower than oXxygen uptake for 100 rpm.
This 1is graphically demonstrated in Figure 3.1 and

summarized in Table 3.5.

ii) Heart Rate and Cycling Velocity

Heart rates were significantly higher (p<.05)
for 100 rpm than for any other cycling velocity over
all power outputs. There was no significant
difference between the heart rates elicited for 40, 60
and 80 rpm at all power outputs, aithough the heart
rates produced at 60 rpm were the lowest over the
range of power outputs. The means and SEM are

displayed in Figure 3.2 and summarized in Table 3.6.
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TABLE 3 5 - Significance and Means (*SEM) of Oxygen
Uptake (1l/min) and Cycling Velocities at
l.ow, Medium and High Power OQOutputs

Power Output 40 rpm 60 rpm 80 rpm 100 rpn
40% (Low)
Mean 1.59 1.55 1.63 1.95
(2SEM) (+0.04) (20.04) (¥0.04) (¥0.05)
60 rpm NS
80 rpm NS i1s
100 rpm SD ** SD ** SD **

Power Output
55% (Medium)

Mean 2.29 2.20 2.26 2.61
($SEM) (x0.07) (30.06) (0.07) (¥0.08)
60 rpm NS
80 rpm NS NS
100 rpm SD *x* SD ** SD **

Power Output
70% (High)

Mean 3.10 2.91 2.95 3.24
(*SEM) (¥0.08) (t0.08) (x0.08) (¥0.08)
60 rpr SD **

80 rpm SD * NS
100 rpm SD *x+ SD ** SD **

NS - NNT SIGNIFICANT AT 0.05 LEVEL
SD - SIGNIFICANT DIFFERENCE (** P<0.01; * P<0.05)
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TABLE 3.6 - Significance and Means

(SEM)

of Heart

Rate (beat/min) and Cycling Velocities at

l.ow,

Medium and High Power Outputs

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 111 110 115 129
(¥SEM) (%3) (+3) (£3) (%3)
60 rpm NS
80 rpm NS NS
100 rpm SD ** SD ** SD **
Power Output
59¢ (Medium)
Mean 139 134 140 153
(¥SEM) (¥3) (+3) (£3) (3)
60 rpm NS
80 rpm NS NS
100 rpm SD *x* SD ** SD *x*
Power Output
70% (High)
Mean 168 161 167 173
(*SEM) (%3) (3) (+2) (*3)
60 rpm NS
80 rpm NS NS
100 rpm SD * SD *x* Sh *
NS - NOT SIGNIFICANT AT 0.05 LEVEL
SD - SICNIFICANT DIFFERENCE (*x* P<0.01; P<0.05)



iii) Stroke Volume and Cycling Velocity

The stroke volumes elicited were not
significantly different between cycling velocities at
any power output. Nor were there any noticeable
trends. Although the individual stroke volumes for
medium power outputs were slightly higher than for low
power outputs, the differences were only 2 ml/beat
(not significant). A slight drop was evident in all
stroke volumes at high power outputs in comparison to
those elicted at medium power outputs with a
difference of 3 ml/beac (not significant). These data

of Table 3.7 are illustrated graphically in Figure

iv) Cardiac Output and Cycling Velocitx

At low, medium and high power outputs, 100 rpm
resulted in higher cardiac outputs than any other
cycling velocityv (significantly different at .01 level
in all cases). There was no signiftficant difference
between 40, 60 & 80 rpm at anv power output. Althouygh
no significant ditfterence existed, 60 rpm elicited the
lowest cardiac output results at all power outputs,
while 40 rpm required higher carliac outputs than 60 &

80 rpm at medium and high power outputs. Means and
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TABLE 3.7 - Significance and Means (*SEM) ot Stroke
Volume (ml/beat) and Cycliny Velocities ot
Low, Medium and High Power Out puts

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 116 113 112 116
(*SEM) (6> (+6) (t6) (+5)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS

Power Output
55% (Medium)

Mean 117 118 116 116
(*SEM) (t5) (*5) (t5) tH)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS

Pcwer Output

70% (High)

Mean 115 114 111 114
(XSEM) (4) (t4) (+3) (ta)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NG

NS - NOT SIGNIFICANT AT 0.05 LEVEL

SD - SIGNIVICANT DIFFERENCE (** pco.0l1, # Pe0.09)



signitficance differences are reported in Table 3.8 and

illustrated in Figure 3.4.

v) Mean Arterial Pressure and Cycling Velocity

The only significant differerce observed in mean
arterial pressure was at low power output, where 100
rpm produced signiticantly higher pressures than other
cycling velocities.

The only trend evident was that the mean
arterial pressures at 40 rpm at medium and high power
outputs were higher, although not significantly, than
for any other cycling velocity. Mean arterial
pressure increased with an increase in power output
for all <cycling velocities. Table 3.9 contains a
summary of mean arterial pressure results and Figure

3.5 provides the means and SEM for these data.

vi) Systemic Vascula~ Resistance and Cycling Velocity

In all cases, systemic vascular resistance was
lowest for LU0 rpm; however, this was only significant
for low and medium power outputs. At the low power
outputs systemic vascular resistance was significantly
lower for 80 rpm than for 60 rpm. At all power

outputs, the trend was that 80 and 100 rpm produced
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TABL .8
Out

Significance
(l/min)
Medium and High Power Outputs

put
lLow

and Means

(*SEM)

of Cardiac

end Cycling Velocities at

Power OQutput 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 11.951 11.32 11.63 13.99
(*SEM) (+*0.29) (r0.27) (*0.31) (+0.30)
60 1 pm NS
80 rpm NS NS
100 rpm SD ** SD ** SD **
Power Output
955% (Medium)
Mean o 15.59 15.15 15.47 17.14
(*SEM) (+0.33) (¥0.31) ($0.36) (*0.38)
60 rpm NS
80 rpm NS NS
100 rpm SD ** SDh *%* SD *x*
Power Output
70% (High)
Mean 18.82 18.01 18.17 19.69
+SEM (t0.42) (20.44) (x0.35) (x0.46)
60 rpm NS
80 rpm NS NS
100 rpm SD ** SD *=* SD **
NS - NOT SIGNIFICANT AT 0.05 LEVEL B
SD - SIGNIFICANT DIFFERENCE (*x* P<0.01; * P<0.05)
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TABLE 3.9

Signiticance
Arterial

Velocities

Power

and
Yressures

l.Low,

Means
(mmHg)
Medium
Outputs

(tSEM) of Mean

and Cycling

and High

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 96 917 94 102
(tSEM) (+2) (*?2) (*2) (x2)
60 rpm NS
8U rpm NS NS
100 rpm SD ** SD *x* SD **
Powe ¢ Output
55% (Medium)
Mean 106 102 102 103
(*SEM) (*2) (+2) (*x2) (22)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS
Power Output
70% (High)
Mean 1 110 108 107
(+SEM) +2) (+2) (*2) (+2)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS
NS - NOT SIGNIFICANT AT 0.05 LEVEL -
SD - SIGNIFICANT DIFFERENCE (** P<0.01,; * 0.05)



lower (not sipulficantly difterert) aveatemic vascul.an
resistances than for 40 or 60 rpm. The cammary ot
these results are contafined fin Table V10 and

demonstrated graphically in Figure 3.6

vii) Rate of Perceived Exertion and Cycliny Velocity

The rate of perceived exertion t o cycliny
velocities was only found to be sipniticantly
different at high power outputs. 4C rpm was perceived

the most difficult and significantly higher than 60 o
80 rpm (p<.01), and 100 rpm was perceived  morve

difficult than 60 or 80 (p<.05) but not difterent trom

40 rp. The trends that existed (not signiticantly
diffe Yy were: at low power outputs perception of
diffic increased with cy:ling velocity, and at

medium and high power outputs 80 rpn was vperceived the
least difficult. Table 3.11 contains 'he RPE results

and Figure 3.7 graphically illusrrates these data.

viii) Blood Lactate and Cycling Veloc:t.

Venous lactate concentrations =ere only acalyred
during pre-exercise and post-exercise. No sipniticant
diff.rences existed during pr('-t)-_('r(\i_‘;«' et at e

results. The S mirutes post-vxurciuv lactates
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Significance and Means (tSEM)

Vascular Resistance (dvn's/cm™)
Medium

TABLE 3.10 -

of Systemic
and

and

Cycling Velocities at low,
High Power Outputs
Power Output 40 rpm 60 rpm 80 rpm 100 vpm
40% (Low)

Mean 679 697 656 590
+SEM (+25) (+28) (+24) (1 7)
60 rpm NS
80 rpm NS SD *

100 rpm SD *% SD k% SD **
Power Output
55% (Medium)

Mean 548 540 533 487
(*SEM) (£¥19) ($16) (£17) (+13)
60 rpm NS
80 rpm NS NS
100 rpm SD *x* SD *x* SD *

Fower Output
708 (Migh)

Mean 476 486 Ll v B
(+SEM) (213 (t16) (+14) (410
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS

NS - NOT SIGNIFICANT AT 0.05 Lyvel i
! x () ()1; & i ()_l)‘,)

SD - SIGNIFICANT DIFFERENCE
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Significance and Means (*SEM) of Rate of
Perceived Exertion (Bourvy, Scale) and
Cycling Velocities at Low, Medium and

High Power Outputs

TABLE 3.11

Power Output 40 rpm 60 rpm 80 rpm 100 vpm
40% (Low)
Mean # 8 8 9
+SEM) (+0) (+0) (o) (o)
G0 rpm NS
80 rpm NS NS
100 rpm NS NS NS
Power Output
55% (Medium)
Mean 12 11 11
(¥SEM) (*0) (20) (20) (+0)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS
Power Output
70% (High)
Mean 15 13 13 14
(+SEM) (*1) (*0) (+0) (+t1)
60 rpm SD *¥*
80 rom SD *x* NS
100 rpm NS SD * SDho*
NS . NOT SIGNIFICANT AT 0.05 LEVEL ’
x P-0.05)

SD - SIGNIFICANT DIFFERENCE (** P01



were analyzed to indicate the accumulative response
over three workloads to c¢ach cycling velocity (zhat is
after cycling 4 minutes at Low, 5 minutes at medium
and 5 minutes at high power outputs for each cycling
velocity). lactate accumulation in the blood was
sipnificant iy hiiyhen for 40 and 100 rpm (p<0.01)
While no significance difference existed in blood
lactate levels for cycling rates of »0 and 80 rpm; 100
rpm levels were elevated over those for 40, 60 and 80
rpm (p<0.01) . The means (+SEM) and location of
significant ditferences are provided at Table 3.12 and
hown in Figure 3.8. No significant differences

existed between pre-exercise blood lactate

con:ertrations.

TARLE 3.12 - Significance and means (*SEM) of blood
lactat.s (mM) and cycling velocities
5 minutes post-exc cise

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
5 min post Exercise
Mean 3.951 2.98 2.99 4.01
(1SEM) (*+0.35) (¥0.27) (0.25) (20.28)
60 vrpm SD oA
80 rpm Sh +% NS
100 rpm SD ** SD *x SD =*x*

N5 - NOT SIGNIFICANT AT 0.05 LEVEL
SD - SIGNIFICANT DIFFERENCE (** P<0.01; * P<0.05)

N
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ix) Cardiac Output and Oxypen Consumption

The p1aph in Figure 3.9 compares oxygen
consumption to cardiac output at every workload for
each cycling wvelocity. The slope of the line of
oxygen uptake to cardiac output is least at 100 rpm
and preatetl 0 v rpm and greatest at 60 and BO rpmn
No significant ditferences existed between the

regression lines.

]
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u Lre 3.9 — Cardiac Cutput Versus Cxyger Jptcxe
(A Mg ng Error Bars indiccte SEM was tco Smat te Staow)
27 T - - - -
mo;q -
! X
.;L_ 3 |
| A- _
4@4. au\ _N
5 |
,,
ab.fy O |
12 O—0O 40% VO2 mcx
| % a—o0 55% VO2 mox
f 6—0 70% V02 max
10 f “ “ “ —t—
1.5 2.0 2.5 3.0 3.9

Ox%@mj Cbnorm A_.DJ._.JI._V
(Mean + SEM;



CHAPTER 1V

DISCUSSION

There have been numerous studies investigating
cycling velocities and various parameters such as
heart rate, oxygen uptake, ventilation rate, blood
lactate, perceived exertion, glycogen depletion and
mechanical efficlency. Many studies (Bannister and
Jackson, 196/, Buchanan and Weltn.uo, 1989: Gaesser and

Brooks, 1973, Hess and Seusing, 1962) have used small

sample sizes. Others have studied only top caliber
athletes (Bannister and Jackson, 1967; Buchanan and
Weltman, 1985 ; Hagberg et al., 1981). Some

investigators have studied a similar sample to that of
the present study (healthy, active, young males) and
found contradictory results. Gueli and Shephard
(1976) found no significant difference in heart rate
or oxygen uptake for cycling velocities between 60 and
85 rpm at a power output equated to 60% of VO,max.
Michielli and Stricevic (1977), on the other hand,
found 80 rpr produced higher heart rates than 60 rpm
(significant at 0.01 level).

Consequently, this study was u: .ertaken to
investipate cardiovascular and perceived exertion
responses to 4 cycling velocities over a range of

power outputs. The design permitted the evaluation of
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the separate effects at low, medium and high power
outputs for cycling velocities of 40, 60, 80 and 100
rpm.

The original hypothesis was that cardiovascular
function at submaximal 1loads would not be altered by
varying the cycling velocity. 1t was found that not
all velocities produced equivalent cardiovascular
responses but rather that certain velocities produced
results that were not significantly different (ie
equivalent responses) and placed lower demands on the
cardiovascular system (optimal cycling velocities).
Both 60 and 80 rpm were not significantly ditferent in
any physiological or perceived exertion response
(except for systemic vascular resistance at low power
output) and pleced lower demands on the cardiovascular
system than any other investigated cycling velocity.
No other ¢two «cycling velocities demonstrated this

equivalency.

A. OXYGEN UPTAKE

Cycling velocities of 60 and 80 rpm at all power

outputs were most efficient, that is, lower oxypen
uptake values (significant at the 0.05 level) Oxypen
uptake for low and medium power outputs were

equivalent (no significant difference) at 40, 60 and
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rpm required higher oxypgen uptake

(p<0.01) power outputs. Cycling velocities of

rpa resulted lower oxygen uptake values

researchers support

findings; Eckermann and Millahn,

Pandolf and Noble, all found that

cycling velocities 80 rpm at low and medium

uptake) . When hich power outputs are included
cycling velocities 2re reduced to 60 to 80
Buchanan and Weltman,
Coast et

Increases cycling
velocities for all power outputs and at low velocities
appeared
different

mechanisms. increase in oxygen

increase intensity

(Mitchell, Therefore, the difference in oxygen

velocities equivalent power
result of inequalities in external
i ferences in fiber recruitment,

stabilizer wutilization, involvement and
effective
increased uptake at 100 rpm for all
outputs appeared to be a result of increased use

stabilizing muscles of the trunk and upper
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body. Suzuki (1979) found tha' a predominance of fast
twitch (FT) fibers are employed at high cveling
rates. He suggests that slow twitch (ST) fibers were
unable to <cross-bridges (between actin and myosin) at
faster cycling rates, and the rec :nlt was higher cvvpen
uptake. Tankano (1987) and Hagbery ¢ at. (1981)
agreed that the static component (the increased use of
body stabilizing muscles) required to cycl + higher
cycling velocities required increased oxygen uptake.

At 40 rpm and high power output the higher
oxygen uptake was possibly caused by increased upper
body and trunk muscle involvement needed to maintain
the cycling velocity and increased anaerobic

metabolism resulting from a higher force for each

pedal stroke (this is ported by increased blood
lactate concentrations i this velocity). Suzuki
(1979) found decreased efficiency of 4 twitch

fibers at high power output and increased an.erobic
involvement. Kaneko et al. (1979) determined that low
cycling rates at high power output resulted in

increase ! external work.

B. HEART RATE

Heart rates were higher (p<.01l) at 100 rpm for

all power outputs. In terms of heart rate, cycling



velocittes of 40 to B0 rpm produced similarly lower
heart rates at all power outputs. These heart rate
results are well supported (Boning et al., 1984

Lollgen et al. 1980; Pandolf aad Noble, 1973). This
suggests that cycling veloncities of 40 to 80 rpm are
optimal in terms of teart rate.

The 1increase in heart rate associated with high
cycling rates at all power outputs appeared to be the
result of increased intensity of upper body and trunk
stabilizing muscles (isometric contraction ) and
possibly the wuse of the less efficient fast twitch
fibers (Suzuki, 1979; and Hagberg et al.,1981). Coast
et al. (1986) found no difterence in circulating
catecholamines or oxygen uptake although heart rates
were increased at higher cycling rates which suggests
that the difference may be due to increased venous

return from the maximized pumping action of the legs.

Since the '+ .rt pumps all blood returned to it an
increase in venous return resulis ir an increased
cardiac output. Since st:roke volume hav r.ached a
maximum or peak plateau, t’e inc-ease 1a cardiac
output has to <come “rom increased heart rat- (no
significant differece ‘n stroke volume:. over alil
power outputs). It app.ars at 100 vpwm rthat tre
circulatory system 1is driv: by venous return which

results in creased cardiac cutpur (since the healthy
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heart distributes all the blood returned to [t) and
thus heart rate is increased. This supgpests that

there is less oxypgen extracted during each circulation

of the blood.

C. CARDIAC OUTPUT

Stroke volumes were not significantly ditferent

between cycling velocities over the full range of

power outputs. Stroke volume increased to peak values
prior to 40% VO, ,max and did not change with
increas:d power outputs. Astrand and Rodahl (1986)
sugge st this occurs at or near 40% of VO,max when
heart ,ate has reached 110 to 120 beats per minute.
Cardiac output, on the other hand, increased with
power outputs and varied with cycling velocities. The

cardiac outputs required to meet the demands of 100
rpm at all power outputs were higher (p<.
Consequently, the optimal cycling velocities in terms
of minimizing cardiac output were 40 to 80 rpm for all
power outputs. Although not signiticantly differeat,
cardiac outputs at high power outpucts for 40 rpm were
elevated by more than 60 ml/minute in comparison to 60
and 80 rpm.

As suggested in heart rate response, the faster

pumping action of the legs increased venous return



which in term increased cardiac output. Added to this
i« the increased oxygen uptake required to supply the
stabiliziung muscle which also increased <cardiac

output.

D. BLOOD PRESSURE

Systolic blood pressure increased as power
outputs increased. At low power outputs systolic
blood pressure was much higher for 100 rpm (p<.01)
than for other cycling velocities. For low and medium
power outputs, the lowest pressures (not significantly
different) were produced at 40 rpm.

No trend and major differences were observed in
diatolic blood pressures over the cycling velocities
and power outputs.

Significantly higher (p<.01) mean arterial

pressures occurred at low power outputs by 100 rpm.

No other significant differences cxisted in mean
arterial pressures, but 40 rpm at medium and high
power outputs caused the highest pressures. The fact

that both mean arterial and systolic blood pressures
were elevated at low power output for 100 rpm, but not
at medium and high power outputs, suggest that the
reflex mneural svstem was not active. And that the

circulatory system is being driven primarily by venous



return and central command (Mitchell, 1985) . It
appears tha. od pressures are elevated for 100 rpm
at medium a... nigh power outputs as a possible result

of 1increased vasodilation (likely due to increased
involvement ot the upper body and trunk muscles).
Astrand (1960) found cardiac output related to
ex'ernal workload but exercise vasodilation dependent
on the muscle mass involved (amount and intensity).

Major differences in systemic vascular
resistances occurred at low and medium power outputs.
The lowest systemic vascular resistances were caused
at 100 rpm (p<.0l1). Systemic vascular resistances at
80 rpm were elevated (p<.05) over all others. No
differences in systemic vascular resistance occurred
at high power output; however, the trend over all
power outputs was that systemic vascular resistances
for 100 rpm were lower.

In exercise that employs a large muscle mass,
more extensive vasodilation tends to reduce systemic
vascular resistance while large increases in cardiac
output tend to increase systemic vascular resistance
(Lewis et al., 1983). It we d appear that larper
increases in systemic vascular resistance should occur
at 100 rpm at all power outputs and at 40 rpm at high
power outputs because oXxygen uptake was increased.

This is not the case, in fact, at these cycling
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velocities while exygen uptake increased significantly

and cardiac outputs were elevated, systemic vascular

resistance was reduced. This would suggest that in
part, a larger muscle mass is being employed.
Observation of the subjects tends to support this. At
100 rpm, the subjects moved more and used more
stabilizing muscles At 40 rpm and high power
outputs, the subjects appeared to use more upper body
and trunk movement. Consequently, reduced systemic

vascular resistance at 40 rpm supports the proposition
that extensive vasodilation occurred and could be a

result of increased muscle mas involvement.

E. BLOOD LACTATES

Blood lactate concentrations Wwere obtained 5
minutes after the subjects had performed at high poiver
out puts (that 1s after 4 minutes at low, 5 minutes at
medium, 5 minutes at high power outputs and 5 minutes
of recoverv). Blood lact e levels were elevated
(p<.01) for 40 and 100 rpm over those for 60 and 80
rpm. Lactate levels for 100 rpm were elevated over
those at 40 rpm (p<.01). The lactate results, were
identical to the oxygen uptake results at high power
ocutputs. These results are similar to those of

Hagbery et al. (1981), in that the cycling velocities
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that are most economical (lowest oxygen uptake)
produced the lowest blood lactate levels. Buchanan
and Weltman (1985) wusing 60, 90 and 120 rpm found
signiticantly lower (p<.05) blood lactate
concentrations at 60 and 90 rpm in comparison to 120
rpm.

The elevation of blood lactates at high power
output for both fast and slow velocites {is more
complex. At high power output and low cycling
velocities the increase appears to be a result of the
high anaerobic component (Hagberg et al., 1981) and
due to restricted blood flow caused by the high force
required for each ©pedal stroke (Suzuki (1979). At
high velocities the increased use of body stabilizing
muscles appears to be sufficient to increase blood
Lactate levels which supports increased anaerobic
involvement. It appears that 60 and 8u rpm dare more
economical «cycling velocities (lower cardiovascular
demand) and energy Trequirements an be met by the
aerobic metabolism possibly because of reduced blood

occlusion, hence increased oxygen exchange.

F. RATE OF P"ERCEIVED EXERTION

Cycling velocities were not perceived different

at low and medium power outun:’ These finding are
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not consistent with physiological responses. In
addition, there were no similarities in the trends.
At high power outputs, 60 and 80 rpm were perceived

the easicst (p<0.09) and 40 and 100 rpm were perceived
the most difficulct. At high power outputs, perceived
exertion varied with two physiological responses to
cycling velocities (blood lactate and oxygen uptake).
This would indicate that for physically active
athletic males, perceived exeition responses at high
power outputs are more indicative of blood lactate
levels and oxygen uptake than any other measured

physiological variable.

G. GENERAL DISCUSSION

Although trere is much disagreement as to which
cycling velocities place minimal demands on the
cardiovascular system (optimal velocity), many authors
supgest that an c¢ptimal range exists. This study
clearly demonstrated that 60 to 80 rpm are within the
optimal range and that 40 and 100 rpm are outside the
optimal range. While there is support for the present
findings (Boning et al., 1984; Buchanan and Weltman,
1985 ; Coast et al., 1986; Gueli and Shephard, 1976),
other c¢vcling velocities have received support as

reing, the least demanding on the cardiovascular
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system. Some investigators have found 40 to 80 rpm to
be most efficient cycling velocities, that 1is reduced
oxygen uptake (Eckermann and Millahn, 1966; Lollgen et
al., 1980; Pandolf and Noble, 1973). Hagberg et al.
(1981) found higher velccities (72-100 1rpm) more
efficient as did Moffatt and Stamford (1978; BO-9)/
rpm) . Still other investigators have found lower
velocities to be more efficient (Hess and Seusing,

1962: 40 to 60 rpm and Michielli and Stricevic, 1977:

40 to 60 rpm). Closer scrutiny is required of those
studies which used a wider range of cycling
velocities. Eckermann and Millahn (1967) used power

output of low and medium range and found results that
are consistent with the pr«.ent findings, that is at
low and medium power outputs no signficant differences
existed between physiological responses to cycling
velocities of 40 ¢t 80 rpm. Pandolf and Noble¢ (19713),
using extremely fit subjects and a small sample, found
no significant difference between oxypen uptake
between 40, 60 70 and 80 rpm; however, at hipgh power
output 40 rpm resulted in increased oxypen uptake (the
difference was not significant but may have been it 2
large sample had been investigated) .

Theretore, the findings that at low and medium
power ocutputs 40 to 80 rpm were similar and the least

stressful in terms of physiological responses is well

60



supported (Boning et al., 1984 ; Buchanan and Weltman,

1985: Eckermann and Millahn, 1967, Gueli and Shephard,

19/76). The support for 60 to 80 rpm producing similar
physfological responses. is also quite strong (Boning
et al ., 1984 ; Bannister and Jackson, 1976; Buchanan

and Weltman, 1985: Gueli and Shephard, 1976) .

The value of the present study 1is the
observation of more cardiovascular variables. The
addition of cardiac output, mean arterial pressure and
systemic vascular resistance measures to the complex
interaction, provided additional insight. While
oxygen uptake and blood lactate at 40 rpm and higher

power outputs were significantly higher than 60 or 80

rpm, no other physiological response demonstrated
this. In fact, for cardiac output, stroke volume,
heart rate and mean arterial pressure, no siganificant

differences existed between cy~ling velocities of 40
to 80 rpm. This is not consistent with the suggestion
by Lewis et al. ('983) that a 1:1 relationship ex1ists
between systemic oxvgen transport and utilization.
These findings would suggest that the rate of muscle

contraction (due to cveling velocity) might alter this

propcsed relationship. ~ast et al. (1986) ruled out
increasing resi-tance yer pedal revolution, or the
di: erence 1n fiber tvpe as probable <causes of

increased blood lactate concentratic = and oxygen
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uptake 1t lower rates. They suggest the difterence 1is

due to increased metabolic costs of moving the muscles

at greater or lesser than optimal speed. The
increased metabolic cost in turn resulted .. increased
oxygen wuptake and blood lactate levels at a gpiven
power output. Hagberg et al. (1981) suppest the
possible cause of 1Increased in oxygen nuptake at

(yc.ing velocities which are not optimal might be a
result of the employment of additional muscles to
complete the task (that is of muscles to stabilize the
body) . Observation of subjects in the present study
tends to confirm Hagberg et al.’'s (1981) supgpgestion.
At high <cycling rates body stabilizers appear to pla-
a greater role, with adied wupper body rigidity
(isometric contraction of wupper body muscles). At
high power outputs and lcw velocity (40 rpm), more
gross movement of trunk and the inclusion of the arm
and shoulder musclec appeared necessary to maintain
the <cycling rate. In both situations, a higher
intensity of work for body stabilizing muscles was
employed and thus a probable increase in oxypen uptake
was required. Increased work was accompanied by
elevated blood lactate levels and likely increased
vasodilation. In this study, it would appear that
there was not an equivalent increase in cardiac output

to meet the i ased oxygen uptake. Coast et al.
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(1986) tound that although oxygen uptake varied with

cycling velocities, circulatory catecholamines did
not . They suggested that the difference in cycling
veloeoities may not been sufficient to elicit a

ditferential in norepinephrine response in spite of
smiall ox»vgen uptake difterences. The present data
tends to support the findings of Coast et al. (1986),

in that, ca: .iac outputs were not significantly larger

with small creases in oxygen uptake (40 rpm compared
to 60 and 0 rpm), but in larger oxygen uptake
differences (100 rpm compared ¢to 40 to 80 rpm)

cardiovascular output was significantly different.
While cyclists tend to suggest that they feel

most efficient at high cycling rates, most researchers

have tfound lower rates (60 to 80 rpm) more effi ient.

As Hagberg et al. (1981) and Coast et al. (1986),

sugpest, preferred cycling rate may coincide with the
predominance of muscle fiber type and vary from
individual to individual. Previous research tends to

suggest that a true variance exists in the most

ra tor each individual. It i further

[y

economica
suppesteé that in normal individuals not trained o
penetically  equipped for higher muscular contraction
etficiencv, slower «cycling velocities may be more

efticient
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G. SUMMARY

This study clearly demonstrates that an
equivalence in cycling velocities for ost
cardiovascular responses does exist over a wide range

of power outputs for vyoung physically active males.
Additionally, there are cycling velocities which are
beyond this range. That is, 0 and B0 rpm produce
very similar cardiovascular responses which are the
most economical (lower cardiovascular demands) on the
system. In contrast, 40 and 100 rpm are beyond the
range of optimal cycling velocities.

At high power outputs (70% VO,max), perceived
exertion appears to be a good indicator of differences
in both oxygen uptake and blood lactate
concentrations.

From a practical standpoint, these data suppest
that in submaximal testing (for example oxwvypen uptake
prediction) on a cycle ergometer 60 and 80 rpm can be
used interchangably for youn,, physically active
males, and that beyond these velocities usipnificant
physiological variations may occur.

These data would sugfest the necd tor f .rther
investigation in three areas. Fi:ot, to determine it
these finding are appropriate tor untrained as well as

trained. Work by Boning et al . . (1984). sugpests this

X0



is true for vyoung untrained males. Secondly, to
determine it gender is a factor. And thirdly, to
fnvestigate these physiological variables using

numerous cycling velocities greater than 40 rpm and
less than 100 rpm  to identify the exact range of

optimal cycling velocities.
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stress test phase is a one hour session in which you
will be required to pedal to exhaustion on the bicycle
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ABSTRACT

The purpose of this study was to Lavestipate
cardiovascular and perceived exertion (RPE) responses
to cycling velocities (CE) ot 44U, 60, 80 and 100 rpm
at low, medium, and high power outputls (60, 595 and 70w
of VOzmax). Nineteen vyounyg healthy physically
active males participated in the study consisting of a
VO, max tes* and four <cycling velocity treatment
tests on a constant load cycle erpometer.

The cycling velocity tests, conducted 24 to 48
hours apart, requicted the subject to c¢ycle at one
velocity for 4 minutes at low power output (PO), b
minutes at medium PO and 5 minutes at high PO. Oxygen

uptake (V02), heart rate (t'=), RPE, blood pressure,

stroke volume (SV) (determined ny impedance
cardiography), and cardiac output (CO) were
monitored. Blood samples for venous lactate
concentrations (BdlLa) were drawn immediately

pre-exercise and 5 minutes post-exercise.

Data were analyzed  using a two-way analysis of
variance (ANOVA) with repeated Me dnire s, I8
Newman-Kuels' post hoc test wis conducted 1o determine
individual mean differences.

At low and medium PO, the cycling veloeitvies that



produced t he lowe st demands on the cardiovascular

system (optimal cveling  velocities) were 40 to 80
rpm. Mo  diff-rence  existed (p>.05) in VO,, HR_ SV
GO, MAP AND RPE Sipnificantly higher cardiovascular

responses (p- . 09) occurred at 100 rpm (V()?, HR, CG,

MAP) . At high pry 60 and 80 rpm placed the lowest
demands on the cardiovascular systen and no
significant ditterence exicry” 095) in V07, HR .
SV, co, MAP, SVR and RPE. Bo- cnd 100 rpm @ ed
higher demands on the cardiovascular syste a. Y

BdLa and RPE were higher (p<.09) at 40 rpm than those
At 60 and B0 vpm. At 100 rpm VO, HR, C0O, Bdla and
RPE were sipniticantly higher (p<.05) than result. at
60 and 80 rpm and all but RPE results were higher than
those elicited at 40 rpm Cpe . 5.

The increased '\.'02, co, and Bdla at high
cycling velocity (100 rpm) secmed to te a result
increased static contraction of trunk and upper body
muscles necded to  provide stability. The possible
cause  of elevated VO, and BdLa tor slow «cycling
velocity (40 rpm) at high PU was increased upper body
and  trunk  muscle jrvolvermoent and higher portions of
anaerobic  metabolism o . result of the lurger force

-

l'(‘quil'x‘d tor cach p(’d.\l S\I"J‘K!‘.

The st :iv  demonsirated that for young healthy

phvsically active males ~0 ind 80 rpm were the optimal



~ycling velocities over 4 wide patpoe ol
in terms ot cardiovascular and metabola.
For 1ow and medium PO, S0 t o RO L

optimal
The data suppest that 0 tao B8O
interchanpably in submaximal testing o

ot power outputs in healthy active youn
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CHAPTER 1

INTRODUCTION
Maximum oxypen uptake (VOpmax) has ilong been
used by ¢«cr-1s5¢ physiologists as & easur. of the
ability to perform continuous phys) 4l work (Astraund
and Rodahl, 1 186 Glassford et al., 1Y65). ALLhiouy
some authors utilize the terms maximum aerobic power

and aerobic capacity synonymously (Brooks and Fahey,
1984) , others (Astrand and Rodahl, 1986; MacDougall et
al., 1983) define ‘aerobic’ capacity as the total
amount of adenosine triphosphate available for
oxidation through aerobic processes while ‘aerobic’
capacity is definred as the maximum amount of oxygen
that can be taken wup per unit time, in spite of
further increases in exercise intensity. The latter
value is termed maximum oXxygen uptake (VOzmax) and
is measured in absolute terms in liters per minute or
relative terms in milliliters per ki‘ogram of body
weirht per minite.

Nume rous rethods of assessing maximal oxygen
uptake have been developed (Astrand et al., 1959;
Balke and  Ware, 1956: Mitchell et al., 198, Taylor,
1941) . Maximum oxygen uptake is still considered one
of the mos?: objective measure in determining

cardiovascular fitness (Shepherd and Shepherd, 1987).



If a precise measure of oxvgen uptake is required,

then direct assessment is necessary. It however,
exact measure is not required or possible, then
predictive VO,max test may be used. Most predict’ve
tests are based on the relationship that exists
Yetween oxygen uptake and one or more variables . The

variable is monitored at submaximal workloads and then
V02max is predicted from submaximal values (heart
rate is frequently used). Submaximal assessment is
appropriate if: precision is not essential; testing

time 1is short; and/or subjects safety is a concern

Direct determination of maximum oXxXygen uptake is
expensive, time consuming and presents a potential
risk to subjects. It requires expensive equipment,

highly trained evaluators, a laboratory setting, and
often restrictive selection of subjects.

As a result of these limitations, many
investigators Thave attempted to develop submaximal

tests which are safe, valid, reliable and less complex

(Astrand, 1952; Astrand and Ryhming, 1954, Bruce et
al., 1973; Margaria et al. . 1994; Sjostrand, 19417) .
Berggren and Christensen (1950) were amoung the

first to find a linear relationship between heart rate
(HR) and oxygen uptake (Vo?). The aatlined the
first conditions wunder which oxypen up*are could be

predicted from heart rate emphasizing inter-individual



differences due to age, sex, task and temperature.
Althougph other physiological parameters have been

investigated as indirect determinants of oxygen uptake

(Astrand and Rodahl, 198¢) they have been found to
produce a larger margin of error than the use of heart
rate. Conseaguently, heart rate has predominated as

the best indirect predictor of oxygen uptake.

Numerous c¢ycle ergometer tests have been developed
to predict oxygen uptake (Andersen and Hermansen,
1965; Astrand, 1965 ; Sjostrand, 1947) from the
measurement of heart rate and power output (PO).
Formulae, nomograms, and graphiry t -"hniques which
rely on the linear rel itionship hetween heart rate and
power output (Astrand and Ryhming, 1954; Bruce et al.,
1973) have been used.

Numerous investigators (Andersen and Hermansen,
1965 ; Astrand, 1952; Sjostrand, 1978) have compared

submaximal estimation of maximal oxygen uptake with

actual values and found the methods valid and
reliable. Coefficients of variance of 5% to 15% for
validity measuvres and 3% to 7% for reliability

measures have been reported by these researchers.
However, most significant were the findings of
Glasstord et al. (1965) in  the comparison of two

maximal treadmill tests (Mitchell et al., 1958;



Taylor, 1941), one maximal cycle erpometer test
(Astrand, 1952) and a submaximal cycle ergometer test
(Astrand and Ryhming,, 1954) . They tound the
correlation of maximal oxygen uptake between values
predicted by the submaximal test and any direct method
was equivalent to that between anv (wo of the dirvect
methods. This and similar tindings (Andersen and
Hermansen, 1965: Astrand, 1965) resulted in acceptance
of standards for «cycle ergometry testing at the 16th
World Congress on Sports Medicine in Hanover, Germany

(June 1966) by the International Council of Sports

Medicine and Physical Education (1CSPE)  Research
Committee for International Standardization in
Ergometry (from Mellerowicz and Smodlaka, 1981). The

primary recommendation was that cycle erpgometer tests
should be conducted at cycling velucities of 50 to &0
revolutions per minute (rpm) tor International
Standardization.

Since 1966 studies hawv. been conducted bv
many researchers investigating, the relationship
between cycling frequency and oxypgen uptake (Bannister
and Jackson, 1967 ; McFKavy and  Bannister, 19/76),
respiratory gases (Gueli snd Shephard, 19/6); heart
rate (Eckermann and Millahn, 1967 Michielli and
Stricevic, 1977); fiber recruitment patterns (Moffatt

and Stamford, 1978; Seabury et al . 1977): cycling



efficiency (Coast et al., 1986 ; Sjostrand, 1978;

Takano, 1987) ; blood lactate (Burke et al , 1981;
Buchanat. and  Weltman, 1985); efficiency (Gaesser and
Brooks, 1979); perceived exertion (Pandolf and Noble,
19713, Catarelli, 1978, Borg et al., 1985, Edwards et
al ., 1971, Ek¥kblom and Goldbarg, 1971); or a
combination of these variables (Lollgen et al., 1980 ;
Gamberale, 1972, Hagberg et al., 1981; Boning et al.,
1984) .

These studies have included: investigation of
few cardiovascular variables, small power output
ranges, too tew cycling velocities (CR), small samples
and/or heterogenous samples. These authors have
attempted to explain the differences in physiological
responses to cveling velocities without investigating
cardiac output (CO).

Since the primary cardiovascular adjustment
results tion the fact that oxygen uptake s the
product ot cardiac output and arteriovenous difference
(d-VO? dift; th. difference in oxygen content of the
hlood entering and leaving the pulmonary capillaries),
it is imperative to evaluate cardiac output. The
investipation ot cardiac output should provide an in
depth understanding of the cardiovascular response to

cveling velocities.



A. PURPOSE

The purpose of this study was to investipate
cardiovascular and perceived exertion responses to
cycling velocities ot 40, 60, 80 and 100 revolutions
per minute (rpm) i1t power output equated to HO%, HOH%
and 70% of maximum oxygen uptake (VO ,max) in youny,
healthy active males . Nineteen males participated in
the study which <consisted of a VOjmax test and four
treatment tests (one for each cycling velocity) on an

electric constant load cycle ergometer.

B. HYPOTHESIS

The research hypothesis for this study was that no
difference existed in any of the physiological or
perceived exertion responses between the 4 cycling
velocities at equivalent power outputs.

Statistical Hypothesis: Ho: X-X - 0

Hi: X-X = 0



CHAPTER 11

4P THODS AND PROCEDURES

A SUBTECTS

Twenty-tour healthy, physically active,
non-smoking, male volunteers were subjects in this
study however, ounly 19 completed all phases (4 were
injured  precluading turther participation and one moved
away from the city). All subjects were physically
active (training approximately three hours aerobically
cach week), were familiar with «cycling and maximum
oxypen uptake tests on the cvecle ergometer. subjects
were fully informed ol the purpose of the experiment
and written consent wi- obtained prior to commencement
ot the study (Appendix A). The study protocol was

approved by the I, .ti:utional Ethics Review Committee.

B. FNVIRONMENTAL CONDITIONS

Temperature has been demonstrated to affect

heart rate, oxvgen wuptake and other physiological

parametets (Rowell, Tavlor and Wang, 1964%: Toner et
al ., Lu¥)y . In this study v tative humicdity was not
controlled, and temperature was monitored and found to

he consistent (2?2 to 24 degrees celcius) during all



testing. [nh ti e ‘aboratoryv, relative humidity varied
only slipghtly Laboratory trattie and  othen
distractions were minimized during all data colleciion
to reduce possible eftects on physiolopical parameters
at low power outputs (Astrand, 1950 Tavlor et al

1955) .

C. TESTING STATE STANDARDIZATION

All subjects wer. post abroe .ve for a mimimum

of three hours and did not take pe ' in any strenuous

exercise or physical activity for twelve hours prion

to testing. These factors have been shown to attect
heart rate and cardiac output (Astrand and Rodahl,
1977; Taylor et al ., 1963). Subjects were scheduled

at the same time of day for every treatment test to
reduce biological variability (Brooks and Fahey,

1984) .

D. STUDY OUTLINE

The experiment consisted ot 6 separate sessions
in the laboratory (lab): a familiarization cessiong o
maximum oxypen uptakv test, and four treatment tests

The familiarization session W, “ one hour

session to brief and a:low the subjects to be c ome



familian with the lab and testiny ¢ nditions Duriny
this session subjects were exposed o mini-trials
which allowed familiarization with the tus and

experimental conditions (cycling frequency, .mpedance
cardiopgraphy, respiratory gas analysis, and blood

pressure [BP] det ermination).

The maximum oxygen uptake test (VO,max) Wa o
P

conducted RN hours afrer the tamiliarization sessions

on the electrically braked constant load cycle

ergometer .

The four treatmen® tests Were conducted on &4
separvate days, each at least 48 hours apart. The
first treatment test for each subject was scheduled a
minimum of 48 hours after the VO,max test. In order
to reduce intra-subject biological variability each
subj.. .t  was scheduled at the came time of day (Davies
at o Sargeant, 1975). During the treatment test, the

subject cycled at one cycling rate (40, 60, 80 or 100

rpm) . Subjects were randomly assigned to a specific
treatment test order. With 24 possible permutations
ot the four cycling rates, each subject had a
dittereunt exposure order to the treatment tests (¢
Appendix  B). During the treatment test the sutl ject

cveled at the predetermined rate for 3 workloads; the
tirst workload was <c¢yc ng at a power output equated

to 40% of VO?mnx for & minutes: the second workload



was Cowo Dy al C e ol VO,max tor S ominate o oand the
final workload was 5 minutes  cveling ot "Ow ot

VO?mnx.

L. TESTING APPARATUS

ThHe eqaipment used in this study included 1 a
constant load electric cycle erpometer (Model 740,
Siemens HElema, Stemens Flectric Led ., Mississuapa,
Ontario) . a magnetic cycling revolution counten

(Cateve Micro Cyclocompter Model CC-6000, Tsuyvama Co

Led ., Japan) . Beckman lltetabolic Measurement Cart
(Model MMC-Cat5542//, Advanced Technology Operations,
Fullerton, CA),; a Minnesota Impedance Cardiograph
(Model 104B Surcom Inc., Minneapolis); 4 cpannel Gould
ink recorder and amplitier (Model B188-407
Ballainvillers, France), Gould lsolation Transformer
(Model 882895-3, vould ine Cleveland, Ohioy,
Baumanometer Mercury Sphygmomanometer (Model Standby,
WA Baum Co. Inc., Copiagne, New York) and stethescops

: cardiotachometer (Sport tester, Model Y000, Pola

Electro. Fempsle, Finland); a4 tape measure (mm, , bloord
sampling eyiipment] Sybron Thermolyne Mixer tModel
M-16715": Sovall General Lab Centri‘upe (Mode CLO A
Dupont) ; and a UV/V1S Phillips Spectrophotomet et

(Model PUB8OO Pye Unicam Ltd., Cambridgse, Fugland)
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a GENFPAL METHODS

i’ Stirobe Volume and Card

[ n this study 5t

were measured using

Cardiopraphy Model 304B

Impedance  Cardiopgraphy

method ot measuring hea

which cardiac output may

involves the placement

mvlar-backed riaminum e

eed tor every subject duriny

jac Outpat Measuremoent

roke wvoliume and cardiac output

the Minnesota Impedance

(Surcom Inc.. Minneapolis).

atraumatic

is a non-invasive,

rt rate and stroke volume from
be calculated. The technique
of self-adhesive disposible

lectrode bands around the neck

and  thoruax A weak frejquency alternating currvent is
passed through the outer two electrodes . The constant
alternating current is undetectable by the subject and
the frequency is so high is incapable of
stimulating the heart (Kubicek et al. 1966) .

On  each visit to the laboratory for testing, the
subject teported at least three hours
post-absorptive. The four bands of self-adhesive

disposable  mviar-backed

placed around the neck

anvy measurement . Two

aluminum electrode tape were

1

and ¢! st 30 minutes prior to

bands were placed around the



neck 3

the level
level just
two outet

sinusoidal,
through
electrical
electrodes
impedance

computed

Simultaneous

impedance

(dZ/d¢e),

phonocardiograph

paper
France) .
ventricular

recordings

scroke volume

where p =
temperature
- aVerage
electrodes

midline, Z

the

and

through

were

speed

hooem the thitd around the

apant trunk at
ot the siphistetnum and the tourth at a
above the b bious When connected the
clectirodes transmitted a constant |
alternatine current (4 ma RMS and 100 KH:=)
thorax and the changes in t1ransthoractc
jmpedance  were detected by the {nner two
(Figure 2.1) Mean toial transthoracice
betweel. the inn'r electrodes (Zo) was

diasplaved by the lImpedance Cardlopraph

recordings of the rate ot chanpe  of

each phase  of +he cardiac

(‘y(‘lv

made through the electrocardiograph and

on 1 s channel ink recorder at o

ot 50 mm/s (Model 8188-402, Gould Inc.

The heart rate, dz/4dt min, and left

ejection time, were obtained from the

as shown in Calculation ot

Fipure 2.2,

was maoce using the following equation:

?

S*,one Volume P x L A T

Az /de g X

- 5 .
7'0

electrical revistivity ot blood at body

, 0.022H

(P - 530 y 4 - hematocrit (%), L

distance (cm) between the inner pa.r of

measured at the anterior and posterior

- mear rransthoracic impedance (ohm:)
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between the innerv two electrodes, dZ/dtmin - minifmum

value for tne rate of change of impedance (ohms)
occuring during the cardiac cycle, T = left
ventricular ejection time (s'.

Recordings were ma o at rest and during
exercisec . It was *ound that movement caused by

respiration and exercise

introduced artifacts into the recordings. These
artifacts were avoided by 1 ~ting the subjects to
stop all movement, remain ess and hold their
breath at normal end-expira: cor approximately 5
seconds, while 5 to 10 cardiac cycles were recorded
(Hetherington et al., 1985). Five cardiac cycles were
used for the calculation of stroke volume. The

hematocrit was measured from blood samples drawn from
an antecubital vein immediately prior to exercise, and
at 5 minutes post-exercise. The hematocrit value was
interpolated hetween pre-test to post-test blood

samples to correspond to the impedance cardiography

recording.

ii) Measurement of Maximal Oxygen Uptake

Maximal aerobic power was determined by
measuring oxygen uptake during a modified incremental

exercise test (Thoden et al ., 1983) on the cycle



ergometer. The subject cycled at 60 rpm. The initial
power output was 100 watts (W) with 50 watt increments
added every two minutes.

The physiological measures obtained every 30

seconds were ventilation volume (Ve), volume of carbon

dioxide produced (VCO,), volume ot oxygen consumed
(VOy) respiratory exchange ratio (R) and heart rate
(HR) . The peak oxygen uptake value obtained during
the exercise test was recorded as VO,max. Expired

gases were collected continuously and analyzed every
30 seconds the Beckman Metabolic Measurement Cart.
Standard gases of known concentration were used to
calibrate the gas analyzers before and after each
test. Heart rate was recorded every 30 seconds using
the cardiotachometer and a simultaneous ECG strip was
run on the impedance recorder (in the last fifteen
seconds of each workload). Blood pressure was
measured using a mercury sphygmomanometer at rest and
during the last 30 seconds of each workload throughout
the incremental test. Impedance cardiography
recordings were taken at end of each workload using
the Minnesota Impedance Cardiograph.

The exercise test continued until at least one
of thefollowing end point «criteria for VO max had
been achieved: oxygen uptake increased less than 50 ml

with increased workload; a heart rate of 90% of age

15



predicted maximal heart rate was attained; or, the
subject was unable to continue. Appendix € provides a

detailed description of the maximum oxygen uptake test

protocol.

iii) Workload Determinat ion

In order to determine the power output necess
to equate to 40, 55 and 70% of VOzmax, the results
of the VO,max test were utilized. Oxygen upt. «
(1/min) was plotted against power output (watts) o
each workload for every subject and the percentapge «
maximal oxygen wuptake was .determined (that is, th
oxygen uptake equal to 40, 55 and 70% of VO,max,
The power outputs were interpolated from the graph at
the required oxygen uptake for each subject. These
were the power outputs, equated to 40, 55 and 70% of

VO,max, used for every treatment test.

iv) Treatment Protocol

Each subject attended four treatment tests,
scheduled a minimum of 48 ‘hours apart. Identical
protocols were utilized for each treatment. The only
difference between the treatments was the rate at

which the subject cycled (40, 60, 80 or 100 rpm). The



detailed treatment test protocol is contained in
Appendix D.

In brief, the protocol consisted of the
following: anthropometric measurement (height and
weight), cardiac impedance measures; a 30 minute rest
period, (seated) ; affixed the subject with headgear
and mouthpiece tor respiratory gas coliection;

collection of respiratory gas analysis for a  minutes

rest period; resting physiological measures taken
(heart rate, stroke volume, cardiac output and blood
pressure) ; a blood sample drawn from an antecubital
vein: an incremental <cycle ergometer test; 1 and 3

minute seated recovery, physiological measures taken;
and a S5 minute, post-exercise, blood sample drawn from
the antecubital vein.

During the tests, subjects vreathed through a
low resistance respiratory valve and expired gases
were collected and analvzed by a pre-calibrated
Beckman Metabolic Measurement Cart (this occurred from
2 minutes pre-exercise to 3 minutes post-exercise).
Oxygen uptake and heart rate were recorded every 30
seconds. The heart rate was recorded
every 30 seconds using a cardiotachometer simultaneous
measurements of heart rate were recorded during rest,
in the last 19 seconds of each workload, and after 1

and 3 minutes of recovery using the cardiotachometer

17



and impedance cardi{ograph. Blood pressure was
measured during rest, the last minute of cach
workload, and at 30 seconds and 2:30 minutes of
recovery using a mercury sphygmomanometer. During the

final minute of each workload, a rating of perceived
exertion (RPE) was obtained using the Borg Scale
(Borg, 1970) . Blood samples were drawn atter 132
minutes rest (immediately prior to exercise) and 9

minutes after cessation of the final workload.

v) Plasma Lactate Concentration

Whole venous blood was drawn from an
antecubital vein after 32 minutes rest and at 5
minutes post-exercise (recovery). In eack case 0.5 ml
of blood was immediately pipetted into a cold
vacutainer containing 2.0 ml of chilled perchloric
acid. The perchloric and whole blood was mixed with a
Sybron Thermolyne Mixer (Model M-16715) and placed on
ice for S5 minutes to ensure protein precipitation was
complete. The vacutainers were then centrifuged usinyg
a Sovall General Lab Centrifuge (Model GLC-4, Dupont)
for 15 minutes. The de-proteinized supernatant (clear
liquid) was pipetted into a pre-chilled sterile
vacutainer which was

stoppered and frozen, at approximately -73 degrees



Celeius, until analysis was performed.
The assay used was based on the principle "hat
lactate dehydropgenase (LDH) catalyzes the reverse

reaction between pyruvic acid and nicotinamide adenine

dinucleotide reduced (NADH) to produce lactic acid and

nicotinamide adenine dinucleotide (NAD) . In order to
force the reaction to completion, formed pyruvate et
be trapped with hydrazine. The increased absorbaunte

due to the formation of NADH provides the measure of
the original lactate concentration. The analysis was
performed spectrophotometrically at 340 nm according
to the Sigma Technical Bulletin No 825-UV (1981). All
chemical reagents were obtained from the Sigma
Chemical Company.

All the samples were analyzed in triplicate and
the mean absorbance re.ling was used for calculation
of lactate concentrations. One third of the lactates
were analyzed per reagent mixture. A standard curve
was constructed for each reagent mixture based on six
samples of known concentration. Additionally., 12

samples were chosen at random and assayed with each

normal assay sample. In total 36 samples were
analvzed twice with different reagent mixtures
(Appendix H) to ensure that the results were
consistent across assay runs, reagent mixture and

standard curves (r = 0.94, standard error of 9%).



G. STATISTICAL ANALYSIS

Statistical analysis of the e¢ffect ot cycling
velocities and relative power output was determined by
a two-way analysis of variance (ANOVA) with repeated
measures (Winer, 1971) . The relative power outpul
factor consisted of 3 levels: power outpul equated to
40, 55 and 70% of VO,max. The factor of cycling
velocities was repeated on four measures: 40, 60, 80
and 100 rpm. If a significant F value was attatned
for a variable at a power output and cycling velocity
indicating a significant interaction between the two
factors, a Newman-Keuls’ multiple means comparison
procedure was performed to assess the significance of
specific difference between the mean values for each
cycling velocity at each PO (Ferguson, 1981; Winer,
1971). Cycling velocity and blood lactate
concentrations were analyzed using a one-way analysis

of variance with repeated levels and a post hoc

Newman-Keuls’ procedure because only one level of the
power output factor was evaluat « K minutes
post-exercise). Linear regressions - output
on oxygen uptake were performed as rep re to
include all three power output leve are

represented as mean plus or minus ti ‘rror
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of the

mean (mean ¥ SEM). Significance in this thesis

is associated

(p<.05)

unless

with a

otherwise

probability of less than

indicated.

0.05
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CHAPTER 111

RESULTS
A. SUBJECTS
Nineteen male subjects participated in the
study. All subjects were physically active males

(mean age of 27 t1 years), ranging in ape frem 17 to
35. They all were participating in aerobic titness
activities of not less than 3 hours per week.

Subject characteristics are presented in Table
3.1 (detailed subject <characteristic protiles are
contained in Appendix E).

Table 3.1 - Subject Characteristics
(Mean * SEM, Range)

CHARACTERISTICS MEAN SEM RANGE
AGE (years) 27 11 17 - 35
HEIGHT(cm) 180.0 t2 .1 169 O - 1960
WEIGHT (kg) 76 .0 t2.6 Sh .5 - 96 .5
VOzmax 3.93 +0.11 3.00 - 4.68
(l1/min)

V02max 52.1 t1.2?2 9.7 - 60,7
(ml/kg/min)
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K. ANALYSIS OF RESULTS

The power outputs required to elicit 40, 55 and
/0%  of VO, max for cach subject were calculated. The

mean power outputs (+SEM) were 111 (%3) watts at 40%

of VO?mnx, 167 (t5) watts at 55% of VOzmax and 223
(t7) watts at /0% of VO?max. These power outputs
(40, 5% and JOS V02max) are referred to as low,
medium and high power outputs, repectively.

The variables investigated in this study are

oxygen upt at heart rate, stroke volume, cardiac
output, e “terial pressure, systemic vascular
resistance, ind rate of perceived exertion. Oxygen
uptake, hear: rate, stroke volume, systolic and
diastolic blood pressures were measured. Cardi e
output, mean arterial pressure and systemic vascular
resistance were calculated. Cardiac output was

calculated as the product of heart rate and stroke
volume. Mean arterial pressure was calculated by

adding diastolic blood pressure to one third of the

difference between systolic and diastolic blood
pressures. Systemic vascular resistance was
calculated by dividing mean arterial pressure by
cardiac output. Indiridual subject raw data are
contained in Appendix F. The means (*SEM) are

summarized in Tables 3.2, 3.3 and 3.4 for low, medium

e



and high power outputsa, respectively

In order to test for the signiticant ditterence

between means for any variable and the tour cycling
velocities, a repeated measures analysis of variance
(ANOVA) was used. For variables observed over 1 powen

outputs, a two-way ANOVA with repeated measures wao
conducted. For variables only observed at one level
one-way ANOVA with repeated measures was employed A
Student Newman Keuls’ post hoc test was conducted on
all significant interactions for any variable at a
power output.

TABLE 3.2 - Physiological and RPE Responses at Powen

Output Equated to 40% VO,max
(Mean % SEM)

Variables 40 rpm 60 rpm Y rpm 100 rpm
Vo, 1.55 1.55 1.63 1.99
(1/min) (x0.04) (+.04) (+0.04) (t0.05)
HR 111 110 115 129
(bpm) (*3) (£3) (+3) (+1)
Y 116 113 112 116
(ml/beat) (*6) (*6) (*6) (+Y)
CcO 11.51 11.32 11.63 13.99
(1/min) (+0.29) (¥0.27) (+0.31) (t0.130)
MAP 96 97 94 107
(mmHg) (¥2) (*+2) (+2) (+7)
SVR 679 697 656 990
(dyn-s/cm>) (+25) (+28) (+24) (Y179
RPE 8 8 8 9

(Borg) (*+0) (*x0) (+0) (+0)




{/—;;ri:l')l(';; N

Vo
(1/min)

HR
(bpm)

SV
(ml/beat)

CO
(1/min)

MAP
(mmHg)

SVR .
(dyn's/cm))

RPE
(Borg)

Phvaiolopical
Output

40 rpm

2.29
(+0.07)

139
(+3)

117
(t95)

15.59
(+0.33)

106
(*2)

548
(*19)

12
(10)

60 rp m

and RPE
Equated

(Mean

2.20
(Y0.06)

134
(+3)

(t5)

15.15
(+0.31)

102
(*2)

540
(116

11
(20)

Responses Power
55% VO,max
SEM)

80 rpm 100 rpm
2.26 2.61
(+0.07) (0 8
140 153
(+3) (+3)
116 115
(t5) (5)
15.47 17.14
(t0.36) (+0.38)
102 103
(22) (22)
533 487
(*17) (*13)
11 11
(*0) (*0)




TABLE 3.4 Physiological ind RPE Responses at Powen
Output Fquated to TO® VO ,maxN
(Mean + SEM) '

—__\;-ari‘a-blvsi a0 x pm 07(771“;;, -;B—r;m 100 tpm
VO 10 2.91 PANIR .74
(1/min) (+0.08) (:0.08) (Y0 08) (Y0 .08)
HR 168 161 16/ 173
(v »m (1) (+3) (+Y (3
SV 115 114 111 114
(ml/beat) (+4) (*4a) (3 (v
co 18.82 18.01 18 17 19 .69
(1/min) (*0.42) (20 .44) (r0 . 195) CO LA
MAP 111 110 108 107
(mmHg) (*2) (2) (+2) (+2)
SVR 476 486 474 L4g

dyn's/cm”) (+13) (+16) (+14) (+10)
RPE 15 13 13 14
(Borg) (x> (+0) (+0) (t1)



i) Oxygen Uptake and Cvcling Velocity

Variations in oxygen uptake with «cycling
velocitics were evident for the full - npe of power
outputs. At all power outputs (low, medium and high),

oxygen uptake for 60 rpm was lowest and was the
highest at 100 rpm . Oxygen uptake at 60 and 80 rpm
was not significantiy different at any power output.
For low and medium power outputs, oXygen uptake at 40
rpm was similar to 60 and 80 rpm; however, at high
power outputs, oxygen uptake for 40 rpm was
significantly higher than for 60 and &0 rpm, but
significantly lower than oXxygen uptake for 100 rpm.
This 1is graphically demonstrated in Figure 3.1 and

summarized in Table 3.5.

ii) Heart Rate and Cycling Velocity

Heart rates were significantly higher (p<.05)
for 100 rpm than for any other cycling velocity over
all power outputs. There was no significant
difference between the heart rates elicited for 40, 60
and 80 rpm at all power outputs, aithough the heart
rates produced at 60 rpm were the lowest over the
range of power outputs. The means and SEM are

displayed in Figure 3.2 and summarized in Table 3.6.
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Figure 3.1 Oxygen Uptake Versus Cycling Veiccity
(Missing Error Bars indicate SEM was too Small to Show)
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TABLE 3.5

Significance

and Means

(*SEM) of Oxygen

Uptake (1l/min) and Cycling Velocities at
l.ow, Medium and High Power OQOutputs

Power Output 40 rpm 60 rpm 80 rpm 100 rpn
40% (Low)
Mean 1.59 1.55 1.63 1.95
(+SEM) (+*0.04) (X0.04) (x0.04) (x0.05)
60 rpm NS
80 rpm NS i1s
100 rpm SD ** SD ** SD **
Power Output
55% (Medium)
Mean 2.29 2.20 2.26 2.61
(*SEM) (20.07) (¥0.06) (¥0.07) (¥0.08)
60 rpm NS
80 rpm NS NS
100 rpm SD ** SD ** SD **
Power Output
70% (High)
Mean 3.10 2.91 2.95 3.24
(*SEM) (+0.08) (+0.08) (x0.08) (+0.08)
60 rpr SD *+#
80 rpm SD * NS
100 rpm SD x> SD ** SD **
NS - NNT SIGNIFICANT AT 0.05 LEVEL
SD - SIGNIFICANT DIFFERENCE (*%* P<0.01; * P<0.05)
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TABILE 3.6 - Significance and Means (*¥SEM) of Heart
Rate (beat/min) and Cycling Velocities at
lLow, Medium and High Power Outputs

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 111 110 115 129
(¥SEM) (%3) (+3) (£3) (%3)
60 rpm NS
80 rpm NS NS
100 rpm SD ** SD ** SD **

Power Output
59¢ (Medium)

Mean 139 134 140 153
(*SEM) (13) (+3) (£3) (%x3)
60 rpm NS
80 rpm NS NS
100 rpm SD ** SD ** SD *xx

Power Output
70% (High)

Mean 168 161 167 173
(*SEM) (%3) (3) (+2) (*3)
60 rpm NS
80 rpm NS NS
100 rpm SD * SD ** SD *x

NS - NOT SIGNIFICANT AT 0.05 LEVEL
SD - SICNIFICANT DIFFERENCE (** P<0.01; * P<0.05)



iii) Stroke Volume and Cycling Velocity

The stroke volumes elicited were not
significantly different between cycling velocities at
any power output. Nor were there any noticeable
trends. Although the individual stroke volumes for
medium power outputs were slightly higher than for low
power outputs, the differences were only 2 ml/beat
(not significant). A slight drop was evident in all
stroke volumes at high power outputs in comparison to
those elicted at medium power outputs with a
difference of 3 ml/beac (not significant). These data

of Table 3.7 are illustrated graphically in Figure

iv) Cardiac Output and Cycling Velocitx

At low, medium and high power outputs, 100 rpm
resulted in higher cardiac outputs than any other
cycling velocityv (significantly different at .01 level
in all cases). There was no signiftficant difference
between 40, 60 & 80 rpm at anv power output. Althouygh
no significant ditfterence existed, 60 rpm elicited the
lowest cardiac output results at all power outputs,
while 40 rpm required higher carliac outputs than 60 &

80 rpm at medium and high power outputs. Means and
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Figure 3.3 — Stroke Volume Versus Cycling Velccity
(Missing Error Bars indicate SEM was too Small to Show)
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TABLE 3.7 - Significance and Means (*SEM) ot Stroke
Volume (ml/beat) and Cycliny Velocities ot
Low, Medium and High Power Out puts

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 116 113 112 116
(*SEM) (6> (+6) (t6) (+5)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS

Power Output
55% (Medium)

Mean 117 118 116 116
(*SEM) (t5) (*5) (t5) tH)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS

Pcwer Output

70% (High)

Mean 115 114 111 114
(XSEM) (4) (t4) (+3) (ta)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NG

NS - NOT SIGNIFICANT AT 0.05 LEVEL
SD - SIGNIVICANT DIFFERENCE (** pco.0l1, # Pe0.09)



signitficance differences are reported in Table 3.8 and

illustrated in Figure 3.4.

v) Mean Arterial Pressure and Cycling Velocity

The only significant differerce observed in mean
arterial pressure was at low power output, where 100
rpm produced signiticantly higher pressures than other
cycling velocities.

The only trend evident was that the mean
arterial pressures at 40 rpm at medium and high power
outputs were higher, although not significantly, than
for any other cycling velocity. Mean arterial
pressure increased with an increase in power output
for all <cycling velocities. Table 3.9 contains a
summary of mean arterial pressure results and Figure

3.5 provides the means and SEM for these data.

vi) Systemic Vascula~ Resistance and Cycling Velocity

In all cases, systemic vascular resistance was
lowest for LU0 rpm; however, this was only significant
for low and medium power outputs. At the low power
outputs systemic vascular resistance was significantly
lower for 80 rpm than for 60 rpm. At all power

outputs, the trend was that 80 and 100 rpm produced
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TABL 8 - Significance and Means (¥SEM) of Cardiac
Output (l/min) &nd Cycling Velocities at
lLow, Medium and High Power Outputs

Power OQutput 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)

Mean 11.51 11.32 11.63 13.99
(+SEM) (+0.29) (r0.27) (+0.31) (+0.30)
60 v pm NS
80 rpm NS NS
100 rpm SD ** SD ** SD *%*

Power Output
955% (Medium)

Mean 15.59 15.15 15.47 17.14
(*SEM) (+0.33) (¥0.31) (+0.36) (*0.38)
60 rpm NS
80 rpm NS NS
100 rpm SD *x SD *% SD **

Power Output
70% (High)

Mean 18.82 18.01 18.17 19.69
+SEM (+0.42) (20.44) (¥0.35) (20.46)
60 rpm NS
80 rpm NS NS
100 rpm SD ** Sh *x* SD **

NS - NOT SICNIFICANT AT 0.05 LEVEL
SD - SIGNIF!CANT DIFFERENCE (** P<0.01; * P<0.05)
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TABLE 3.9 Signiticance

and

Means

Arterial Pressures (mmHg)
Velocities at lLow, Medium
Power Qutputs

(tSEM) of Mean
and Cycling
and High

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
40% (Low)
Mean 96 917 94 102
(tSEM) (+2) (*?2) (*2) (x2)
60 rpm NS
8U rpm NS NS
100 rpm SD ** SD *x* SD **
Powe ¢ Output
55% (Medium)
Mean 106 102 102 103
(*SEM) (*2) (+2) (*x2) (22)
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS
Power Output
70% (High)
Mean 110 108 107
(+SEM) t2) (+2) (*2) (+2)
60 vrpm NS
80 rpm NS NS
100 rpm NS NS NS
NS - NOT SIGNIFICANT AT 0.05 LEVEL -
SIGNIFICANT DIFFERENCE (** P<0.01,; * 0.05)

SD



lower (not sipulficantly difterert) aveatemic vascul.an
resistances than for 40 or 60 rpm. The cammary ot
these results are contafined fin Table V10 and

demonstrated graphically in Figure 3.6

vii) Rate of Perceived Exertion and Cycliny Velocity

The rate of perceived exertion t o cycliny
velocities was only found to be sipniticantly
different at high power outputs. 4C rpm was perceived

the most difficult and significantly higher than 60 o
80 rpm (p<.01), and 100 rpm was perceived  morve

difficult than 60 or 80 (p<.05) but not difterent trom

40 rp. The trends that existed (not signiticantly
diffe Yy were: at low power outputs perception of
diffic increased with cy:ling velocity, and at

medium and high power outputs 80 rpn was vperceived the
least difficult. Table 3.11 contains 'he RPE results

and Figure 3.7 graphically illusrrates these data.

viii) Blood Lactate and Cycling Veloc:t.

Venous lactate concentrations =ere only acalyred
during pre-exercise and post-exercise. No sipniticant
diff.rences existed during pr('-t)-_('r(\i_‘;«' et at e

results. The S mirutes post-vxurciuv lactates



4]

4
Vascular Kesisternce (dvns.s,/cmD)

»

Figure 3.6 — Systemic Vascular Resistance Versus Cycling Velocity
(Missing Error Bars indicote SEM was too Small to Show)

800 ,__ll - — — . d_

1 _
e . ]

/GO I mv/ 4 _.
T |
| A R S !
0 . : T |
v < - S !
%, o — ¢ TTO— _
_ﬁ Y ot |
. |
100 T O—O0O 40% VO2 max |

| A— 0 55% VO mox

| O—=C /0% VO2 mcx
300 - - - ' L, o

40 60 80 100

Cycling Velocity (rpm)
(Meon + SEM)



Significance and Means (*SEM) of Systemic
Vascular Resistance (dvn's/cm”) and
Cycling Velocities at low, Medium and
High Power Outputs

TABLE 3.10 -

Power Output 40 rpm 60 rpm 80 rpm 100 vpm
40% (Low)
Mean 679 697 656 590
+SEM (+25) (+28) (+24) (217)
60 rpm NS
80 rpm NS SD *
100 rpm SD *% SD k% SD **
Power Output
55% (Medium)
Mean 548 540 533 487
(*SEM) (x19) ($16) (£17) (+13)
60 rpm NS
80 rpm NS NS
100 rpm SD *x* SD *x* SD *
Fower Output
708 (Migh)
Mean 476 486 Ll v B
(+SEM) (213 (t16) (+14) (410
60 rpm NS
80 rpm NS NS
100 rpm NS NS NS
NS - NOT SIGNIFICANT AT 0.05 Lyvel i
£ ow e 01, P00

SD - SIGNIFICANT DIFFERENCE
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TABLE 3.11 - Significance and Means (*SEM) of Rate of
Perceived Exertion (Bourvy, Scale) and
Cycling Velocities at Low, Medium and
High Power Outputs

Power Output 40 rpm 60 rpm 80 rpm 100 vpm
40% (Low)
Mean K 8 8 9
+SEM) (+0) (20) (o) (to)
G0 rpm NS
80 rpm NS NS
100 rpm NS NS NS

Power Output
55% (Medium)

Mean 12 11 11
(+SEM) (%0) (20) (20) (+0)
60 rpm NS .

80 rpm NS NS
100 rpm NS NS NS

Power Output
70% (High)

Mean 15 13 13 14
(*SEM) (1) (+0) (+0) (t1)
60 rpm SD *¥*

80 rom SD *x* NS
100 rpm NS SD * SDho*

NS - NOT SIGNIFICANT AT 0.05 LEVEL
SD - SIGNIFICANT DIFFERENCE (** P01, & P<0.09)




were analyzed to indicate the accumulative response
over three workloads to each cycling velocity (~hat 1is
after cycling 4 minutes at Low, 5 minutes at medium
and 5 minutes at high power outputs for each cycling
velocity). lactate accumulation in the blood was
sipnificant iy hiiyhen for 40 and 100 rpm (p<0.01)
While no significance difference existed in blood
lactate levels for cycling rates of »0 and 80 rpm; 100
rpm levels were elevated over those for 40, 60 and 80
rpm (p<0.01) . The means (+SEM) and location of
significant ditferences are provided at Table 3.12 and
hown in Figure 3.8. No significant differences
existed between pre-exercise blood lactate

con:ertrations.

TARLE 3.12 - Significance and means (*SEM) of blood
lactat.s (mM) and cycling velocities
5 minutes post-exc cise

Power Output 40 rpm 60 rpm 80 rpm 100 rpm
5 min post Exercise
Mean 3.951 2.98 2.99 4.01
(1SEM) (*+0.35) (¥0.27) (0.25) (20.28)
60 vrpm SD oA
80 rpm Sh +% NS
100 rpm SD ** SD *x SD =*x*

N5 - NOT SIGNIFICANT AT 0.05 LEVEL
SD - SIGNIFICANT DIFFERENCE (** P<0.01; * P<0.05)

N
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ix) Cardiac Output and Oxypen Consumption

The p1aph in Figure 3.9 compares oxygen
consumption to cardiac output at every workload for
each cycling wvelocity. The slope of the line of

oxygen uptake to cardiac output is least at 100 rpm
and preatetl 0 v rpm and greatest at 60 and BO rpmn

No significant ditferences existed between the

regression lines.

]
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CHAPTER 1V

DISCUSSION

There have been numerous studies investigating
cycling velocities and various parameters such as
heart rate, oxygen uptake, ventilation rate, blood
lactate, perceived exertion, glycogen depletion and
mechanical efficlency. Many studies (Bannister and
Jackson, 196/, Buchanan and Weltn.uo, 1989: Gaesser and

Brooks, 1973, Hess and Seusing, 1962) have used small

sample sizes. Others have studied only top caliber
athletes (Bannister and Jackson, 1967; Buchanan and
Weltman, 1985 ; Hagberg et al., 1981). Some

investigators have studied a similar sample to that of
the present study (healthy, active, young males) and
found contradictory results. Gueli and Shephard
(1976) found no significant difference in heart rate
or oxygen uptake for cycling velocities between 60 and
85 rpm at a power output equated to 60% of VO,max.
Michielli and Stricevic (1977), on the other hand,
found 80 rpr produced higher heart rates than 60 rpm
(significant at 0.01 level).

Consequently, this study was u: .ertaken to
investipate cardiovascular and perceived exertion
responses to 4 cycling velocities over a range of

power outputs. The design permitted the evaluation of
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the separate effects at low, medium and high power
outputs for cycling velocities of 40, 60, 80 and 100
rpm.

The original hypothesis was that cardiovascular
function at submaximal 1loads would not be altered by
varying the cycling velocity. 1t was found that not
all velocities produced equivalent cardiovascular
responses but rather that certain velocities produced
results that were not significantly different (ie
equivalent responses) and placed lower demands on the
cardiovascular system (optimal cycling velocities).
Both 60 and 80 rpm were not significantly ditferent in
any physiological or perceived exertion response
(except for systemic vascular resistance at low power
output) and pleced lower demands on the cardiovascular
system than any other investigated cycling velocity.
No other ¢two «cycling velocities demonstrated this

equivalency.

A. OXYGEN UPTAKE

Cycling velocities of 60 and 80 rpm at all power

outputs were most efficient, that is, lower oxypen
uptake values (significant at the 0.05 level) Oxypen
uptake for low and medium power outputs were

equivalent (no significant difference) at 40, 60 and

940



80 rpm, while 100 rpm required higher oxygen uptake
(p<0.01) at all power outputs. Cycling velocities of
60 and B80 rpm resulted in lower oxygen uptake values
at high power outputs. Other researchers support
these findings; Eckermann and Millahn, 1967; Lollgen
et al., 1980; Pandolf and Noble, 1973, all found that
cycling velocities of 40 to 80 rpm at low and medium
power outputs are optimal (that is, require lower
oxygen uptake). When hich power outputs are included
the optimal cycling velocities 2ve reduced to 60 to 80
rpm (Boning et al., 1984; Buchanan and Weltman, 1985;
Coast et al., 1986).

Increases in oxygen uptake at high «cycling
velocities for all power outputs and at low velocities
at high power outputs appeared to be caused by
different mechanisms. A linear 1increase in oxygen
uptake occurs with an increase in work intensity
(Mitchell, 1985). Therefore, the difference in oxygen
uptake over —cycling velocities at equivalent power
output must be a result of inequalities in external
work (such as di ferences in fiber recruitment, body
stabilizer wutilization, muscle mass involvement and
effective force).

The increased oxygen uptake at 100 rpm for all
power outputs appeared to be a result of increased use

of body stabilizing muscles of the trunk and upper
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body. Suzuki (1979) found tha' a predominance of fast
twitch (FT) fibers are employed at high cveling
rates. He suggests that slow twitch (ST) fibers were
unable to <cross-bridges (between actin and myosin) at
faster cycling rates, and the rec :nlt was higher cvvpen
uptake. Tankano (1987) and Hagbery ¢ at. (1981)
agreed that the static component (the increased use of
body stabilizing muscles) required to cycl + higher
cycling velocities required increased oxygen uptake.

At 40 rpm and high power output the higher
oxygen uptake was possibly caused by increased upper
body and trunk muscle involvement needed to maintain
the cycling velocity and increased anaerobic

metabolism resulting from a higher force for each

pedal stroke (this is ported by increased blood
lactate concentrations i this velocity). Suzuki
(1979) found decreased efficiency of 4 twitch

fibers at high power output and increased an.erobic
involvement. Kaneko et al. (1979) determined that low
cycling rates at high power output resulted in

increase ! external work.

B. HEART RATE

Heart rates were higher (p<.01l) at 100 rpm for

all power outputs. In terms of heart rate, cycling
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velocittes of 40 to B0 rpm produced similarly lower
heart rates at all power outputs. These heart rate
results are well supported (Boning et al., 1984

Lollgen et al. 1980; Pandolf aad Noble, 1973). This
suggests that cycling veloncities of 40 to 80 rpm are
optimal in terms of teart rate.

The 1increase in heart rate associated with high
cycling rates at all power outputs appeared to be the
result of increased intensity of upper body and trunk
stabilizing muscles (isometric contraction ) and
possibly the wuse of the less efficient fast twitch
fibers (Suzuki, 1979; and Hagberg et al.,1981). Coast
et al. (1986) found no difterence in circulating
catecholamines or oxygen uptake although heart rates
were increased at higher cycling rates which suggests
that the difference may be due to increased venous

return from the maximized pumping action of the legs.

Since the '+ .rt pumps all blood returned to it an
increase in venous return resulis ir an increased
cardiac output. Since st:roke volume hav r.ached a
maximum or peak plateau, t’e inc-ease 1a cardiac
output has to <come “rom increased heart rat- (no
significant differece ‘n stroke volume:. over alil
power outputs). It app.ars at 100 vpwm rthat tre
circulatory system 1is driv: by venous return which

results in creased cardiac cutpur (since the healthy
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heart distributes all the blood returned to [t) and
thus heart rate is increased. This supgpests that
there is less oxypgen extracted during each circulation

of the blood.

C. CARDIAC OUTPUT

Stroke volumes were not significantly ditferent

between cycling velocities over the full range of

power outputs. Stroke volume increased to peak values
prior to 40% VO, ,max and did not change with
increas d power outputs. Astrand and Rodahl (1986)
sugge st this occurs at or near 40% of VO,max when
heart ,ate has reached 110 to 120 beats per minute.
Cardiac output, on the other hand, increased with
power outputs and varied with cycling velocities. The

cardiac outputs required to meet the demands of 100
rpm at all power outputs were higher (p<.
Consequently, the optimal cycling velocities in terms
of minimizing cardiac output were 40 to 80 rpm for all
power outputs. Although not signiticantly differeat,
cardiac outputs at high power outpucts for 40 rpm were
elevated by more than 60 ml/minute in comparison to 60
and 80 rpm.

As suggested in heart rate response, the faster

pumping action of the legs increased venous return



which in term increased cardiac output. Added to this
i« the increased oxygen uptake required to supply the
stabiliziung muscle which also increased <cardiac

output.

D. BLOOD PRESSURE

Systolic blood pressure increased as power
outputs increased. At low power outputs systolic
blood pressure was much higher for 100 rpm (p<.01)
than for other cycling velocities. For low and medium
power outputs, the lowest pressures (not significantly
different) were produced at 40 rpm.

No trend and major differences were observed in
diatolic blood pressures over the cycling velocities
and power outputs.

Significantly higher (p<.01) mean arterial

pressures occurred at low power outputs by 100 rpm.

No other significant differences cxisted in mean
arterial pressures, but 40 rpm at medium and high
power outputs caused the highest pressures. The fact

that both mean arterial and systolic blood pressures
were elevated at low power output for 100 rpm, but not
at medium and high power outputs, suggest that the
reflex mneural svstem was not active. And that the

circulatory system is being driven primarily by venous



return and central command (Mitchell, 1985) . It
appears tha. od pressures are elevated for 100 rpm
at medium a... nigh power outputs as a possible result

of 1increased vasodilation (likely due to increased
involvement ot the upper body and trunk muscles).
Astrand (1960) found cardiac output related to
ex'ernal workload but exercise vasodilation dependent
on the muscle mass involved (amount and intensity).

Major differences in systemic vascular
resistances occurred at low and medium power outputs.
The lowest systemic vascular resistances were caused
at 100 rpm (p<.01). Systemic vascular resistances at
80 rpm were elevated (p<.05) over all others. No
differences in systemic vascular resistance occurred
at high power output; however, the trend over all
power outputs was that systemic vascular resistances
for 100 rpm were lower.

In exercise that employs a large muscle mass,
more extensive vasodilation tends to reduce systemic
vascular resistance while large increases in cardiac
output tend to increase systemic vascular resistance
(Lewis et al., 1983). It we d appear that larper
increases in systemic vascular resistance should occur
at 100 rpm at all power outputs and at 40 rpm at high
power outputs because oXxygen uptake was increased.

This is not the case, in fact, at these cycling
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velocities while exygen uptake increased significantly

and cardiac outputs were elevated, systemic vascular

resistance was reduced. This would suggest that in
part, a larger muscle mass is being employed.
Observation of the subjects tends to support this. At
100 rpm, the subjects moved more and used more
stabilizing muscles At 40 rpm and high power
outputs, the subjects appeared to use more upper body
and trunk movement. Consequently, reduced systemic

vascular resistance at 40 rpm supports the proposition
that extensive vasodilation occurred and could be a

result of increased muscle mas involvement.

E. BLOOD LACTATES

Blood lactate concentrations Wwere obtained 5
minutes after the subjects had performed at high poiver
out puts (that 1s after 4 minutes at low, 5 minutes at
medium, 5 minutes at high power outputs and 5 minutes
of recoverv). Blood lact e levels were elevated
(p<.01) for 40 and 100 rpm over those for 60 and 80
rpm. Lactate levels for 100 rpm were elevated over
those at 40 rpm (p<.01). The lactate results, were
identical to the oxygen uptake results at high power
ocutputs. These results are similar to those of

Hagbery et al. (1981), in that the cycling velocities
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that are most economical (lowest oxygen uptake)
produced the lowest blood lactate levels. Buchanan
and Weltman (1985) wusing 60, 90 and 120 rpm found
signiticantly lower (p<.05) blood lactate
concentrations at 60 and 90 rpm in comparison to 120
rpm.

The elevation of blood lactates at high power
output for both fast and slow velocites {is more
complex. At high power output and low cycling
velocities the increase appears to be a result of the
high anaerobic component (Hagberg et al., 1981) and
due to restricted blood flow caused by the high force
required for each ©pedal stroke (Suzuki (1979). At

high velocities the increased use of body stabilizing

muscles appears to be sufficient to increase blood
Lactate levels which supports increased anaerobic
involvement. It appears that 60 and 8u rpm dare more

economical «cycling velocities (lower cardiovascular
demand) and energy requirements can bo  met by the
aerobic metabolism possibly because of reduced blood

occlusion, hence increased oxygen exchange.

F. RATE OF P"ERCEIVED EXERTION

Cycling velocities were not perceived different

at low and medium power outun:’ These finding are
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not consistent with physiological responses. In
addition, there were no similarities in the trends.
At high power outputs, 60 and 80 rpm were perceived
the easicst (p<0.09) and 40 and 100 rpm were perceived
the most difficult. At high power outputs, perceived
exertion varied with two physiological responses to
cycling velocities (blood lactate and oxygen uptake).
This would indicate that for physically active
athletic males, perceived exeition responses at high
power outputs are more indicative of blood lactate
levels and oxygen uptake than any other measured

physiological variable.

G. GENERAL DISCUSSION

Although trere is much disagreement as to which
cycling velocities place minimal demands on the
cardiovascular system (optimal velocity), many authors
supgest that an c¢ptimal range exists. This study
clearly demonstrated that 60 to 80 rpm are within the
optimal range and that 40 and 100 rpm are outside the
optimal range. While there is support for the present
findings (Boning et al., 1984; Buchanan and Weltman,
1985 Coast et al., 1986: Gueli and Shephard, 1976) ,
other c¢vcling velocities have received support as

reing, the least demanding on the cardiovascular
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system. Some investigators have found 40 to 80 rpm to
be most efficient cycling velocities, that 1is reduced
oxygen uptake (Eckermann and Millahn, 1966; Lollgen et
al., 1980; Pandolf and Noble, 1973). Hagberg et al.
(1981) found higher velccities (72-100 1rpm) more
efficient as did Moffatt and Stamford (1978; BO-9)/
rpm) . Still other investigators have found lower
velocities to be more efficient (Hess and Seusing,

1962: 40 to 60 rpm and Michielli and Stricevic, 1977:

40 to 60 rpm). Closer scrutiny is required of those
studies which used a wider range of cycling
velocities. Eckermann and Millahn (1967) used power

output of low and medium range and found results that
are consistent with the pr«.ent findings, that is at
low and medium power outputs no signficant differences
existed between physiological responses to cycling

velocities of 40 ¢t 80 rpm. Pandolf and Noble¢ (19713),

using extremely fit subjects and a small sample, found
no significant difference between oxypen uptake
between 40, 60 70 and 80 rpm; however, at hipgh power

output 40 rpm resulted in increased oxypen uptake (the
difference was not significant but may have been it o
large sample had been investigated) .

Theretore, the findings that at low and medium
power ocutputs 40 to 80 rpm were similar and the least

stressful in terms of physiological responses is well
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supported (Boning et al., 1984 ; Buchanan and Weltman,

1985: Eckermann and Millahn, 1967, Gueli and Shephard,

19/76). The support for 60 to 80 rpm producing similar
physfological responses. is also quite strong (Boning
et al ., 1984 ; Bannister and Jackson, 1976; Buchanan

and Weltman, 1985: Gueli and Shephard, 1976) .

The value of the present study 1is the
observation of more cardiovascular variables. The
addition of cardiac output, mean arterial pressure and
systemic vascular resistance measures to the complex
interaction, provided additional insight. While
oxygen uptake and blood lactate at 40 rpm and higher

power outputs were significantly higher than 60 or 80

rpm, no other physiological response demonstrated
this. In fact, for cardiac output, stroke volume,
heart rate and mean arterial pressure, no siganificant

differences existed between cy~ling velocities of 40
to 80 rpm. This is not consistent with the suggestion
by Lewis et al. ('983) that a 1:1 relationship ex1ists
between systemic oxvgen transport and utilization.
These findings would suggest that the rate of muscle

contraction (due to cveling velocity) might alter this

propcsed relationship. ~ast et al. (1986) ruled out
increasing resi-tance yer pedal revolution, or the
di: erence 1n fiber tvpe as probable <causes of

increased blood lactate concentratic = and oxygen
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uptake 1t lower rates. They suggest the difterence 1is

due to increased metabolic costs of moving the muscles

at greater or lesser than optimal speed. The
increased metabolic cost in turn resulted .. increased
oxygen wuptake and blood lactate levels at a gpiven
power output. Hagberg et al. (1981) suppest the
possible cause of 1Increased in oxygen nuptake at

(yc.ing velocities which are not optimal might be a
result of the employment of additional muscles to
complete the task (that is of muscles to stabilize the
body) . Observation of subjects in the present study
tends to confirm Hagberg et al.’'s (1981) supgpgestion.
At high <cycling rates body stabilizers appear to pla-
a greater role, with adied wupper body rigidity
(isometric contraction of wupper body muscles). At
high power outputs and lcw velocity (40 rpm), more
gross movement of trunk and the inclusion of the arm
and shoulder musclec appeared necessary to maintain
the <cycling rate. In both situations, a higher
intensity of work for body stabilizing muscles was
employed and thus a probable increase in oxypen uptake
was required. Increased work was accompanied by
elevated blood lactate levels and likely increased
vasodilation. In this study, it would appear that
there was not an equivalent increase in cardiac output

to meet the i ased oxygen uptake. Coast et al.
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(1986) tound that although oxygen uptake varied with

cycling velocities, circulatory catecholamines did
not . They suggested that the difference in cycling
veloeoities may not been sufficient to elicit a

ditferential in norepinephrine response in spite of
smiall ox»vgen uptake difterences. The present data
tends to support the findings of Coast et al. (1986),

in that, ca: .iac outputs were not significantly larger

with small creases in oxygen uptake (40 rpm compared
to 60 and 0 rpm), but in larger oxygen uptake
differences (100 rpm compared ¢to 40 to 80 rpm)

cardiovascular output was significantly different.
While cyclists tend to suggest that they feel

most efficient at high cycling rates, most researchers

have tfound lower rates (60 to 80 rpm) more effi ient.

As Hagberg et al. (1981) and Coast et al. (1986),

sugpest, preferred cycling rate may coincide with the
predominance of muscle fiber type and vary from
individual to individual. Previous research tends to

suggest that a true variance exists in the most

ra tor each individual. It i further

[y

economica
suppesteé that in normal individuals not trained o
penetically  equipped for higher muscular contraction
etficiencv, slower «cycling velocities may be more

efticient
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G. SUMMARY

This study clearly demonstrates that an
equivalence in cycling velocities for ost
cardiovascular responses does exist over a wide range

of power outputs for vyoung physically active males.
Additionally, there are cycling velocities which are
beyond this range. That is, 0 and B0 rpm produce
very similar cardiovascular responses which are the
most economical (lower cardiovascular demands) on the
system. In contrast, 40 and 100 rpm are beyond the
range of optimal cycling velocities.

At high power outputs (70% VO,max), perceived
exertion appears to be a good indicator of differences
in both oxygen uptake and blood lactate
concentrations.

From a practical standpoint, these data suppest
that in submaximal testing (for example oxwvypen uptake
prediction) on a cycle ergometer 60 and 80 rpm can be
used interchangably for youn,, physically active
males, and that beyond these velocities usipnificant
physiological variations may occur.

These data would sugfest the necd tor f .rther
investigation in three areas. Fi:ot, to determine it
these finding are appropriate tor untrained as well as

trained. Work by Boning et al . . (1984). sugpests this

X0



is true for vyoung untrained males. Secondly, to
determine it gender is a factor. And thirdly, to
fnvestigate these physiological variables using

numerous cycling velocities greater than 40 rpm and

less than 100 rpm  to identify the exact range of

-

optimal cycling velocities.
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INFORMATION SHEET

F11LE OF PROJECT: Cardiovascular response 0 4
different cycling v 1ties on
the blicycle erpomete:

IHVESTIGATORS Dr. H.A. Quinney " . T.
Kappagoda;, Dr. R. Macnab
Dr. S. : -terson  Dr. R C Hat »nel

and Mr. . V. Et inper

This project {s designed to ine the
cardiovascular response to four dif cycling
veloacities and to prov.-de o Line for
cardiovascular response in normals to imum stress
test in normals.

The study consists of th phases; a
familiarization phase, a m.ximum Cowe 48 test and a
treatment  phase. The familiarizat phas. 1is a one
hout cession  during which you will oriented to the
testing equipment and procedures of the study. The

stress test phase is a one hour sessiof in which you
will be required to pedal to exhaustion on the bicycle

ergome.er (VO,max test) . For this test you will
rest for 30 minutes and then begin pedalinyg at 60 rpm
and a low resistance. The resistance will be
increased ecvery 2 minutes until you are unable to
continue o1  maximum consumption has been reached.

Duriny this test respiratory gases and heart rate will
be monitored continually; blood samples will be drawn
from the anticupital vein prior to exercise and 5 min
post-exercise. The third phase consists of 4 separate
Lests to be conducted 24 to 48 hours apart. On each
occa - ion, you will cycle at a different cycling
velocity (randomly assigned from .0, 60, 80 and 100
pn) Fach test will consist of 14 ninutes of cycling
<ith heart rate and respiratory ga -«°< beiny monitored
continually: impedance cardiography neasures will be
taken six times during the test, and blood lactate and
hematocrit samples taken up to five times from the
anticupital vein. You will cycle for & minutes at a
resistance equal to 40% VO, max, 5 minutes at 55% and
5 minutes at T70%.

Any information obtained from this study will be
koept confidential and will be released only to those
conducting the study. This information will be made
available to others only with your approval. The
proup results will be used in publiration.

You will be required to make six visits to the
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1 of A Hospital (Cardiology stress lab) over
approximately a 2 week period.  FEach visit will take
approximately an hour.

Picase be assured? that your participation in
this study 1is entirely voluntary ond refusal  or
withdrawi) from it will ot jeopardize vou {in any
wiy. The investigators would be pleased to clarify

any concerns you may have prior to or during the
study .



APPENDIX B

SUBJECT EXPOSURE ORDER TO TREATMENTS

TREATMENTS - CYCLING RATE AT FEACH TREATMENT

POST-1ID = #l #2 #3 #4 COMMENTS
1 (AM) §0 100 4C 60 Completed
2 (BS) 80 100 60 40 Completed
3 (Cs) 100 80 40 60 Completed
4 (DR) 40 60 1006 80 Completed
S (DS) 40 60 80 100 Completed
6 (DE) 80 60 1C0 40 Completed
7 (DB) 80 40 60 100 Completed
8 (GB) 100 40 80 60 Completed
9 (JE» 40 80 100 60 Completed

10 (JB) 60 100 4 80 Completed

11 (J¢C) 40 80 60 100 Completed

12 (KR) 40 100 80 60 Completed

13 (MD) 60 80 100 40 Conpleted

14 (ND) 40 100 60 80 Completed

15 (PN) 80 40 100 60 Completed

16 (PC) 60 40 80 100 Complered

17 (RO) 100 60 40 80 Completed

18 (RH) 60 40 100 80 Completed

19 (TD) 80 60 40 100 Completed

20 (BW) 80 60 100 40 Injured

21 (KI) 60 100 80 40 Injured

22 (ROH) 100 60 80 40 Moved

23 (RD) 100 40 60 80 Injured

24 (DE) 60 80 40 100 Injured

NOTE: 1) There were 24 permutations of 4 cycling rates
(ie. 4!=24). 24 subjects were accepted as volunteers

and the order for cycling rate was a number
draw.

2) Only 19 of the 24 finished all phases; 4 were
injured duriny the study and one moved away
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APPENDIX 9

MAXIMUM OXYGEN UP”TAKE TEST PROTOCOL

Maximum oxypen uptake testing was conducted on a
constant load cycle ergometer. Each subject was given
a VO?max test (hetore any treatments to allow power
output determination). The testing protocol utilized

was as follows:

Resting Protocol

1) the weigh scale and metabolic cart were
calibrated;

2) the subject was weighed to the nearest 0.1 kg,

3) the impedance cardiography (IC) tape and sports

tester was affixed;

4) the subject rested for 30 minutes;

5) resting blood samples were taken;

6) the subject mounted the cycle;

7) respiratory pgas analvsis was initiated (averaged

measures 30 sec):

8) the subject remained at rest for 2 min (to
determine 2 min resting VOZ);

9) resting heart rate and blood pressure was taken;

10) resting impedance cartiography measures were

o
&



taken;

Test Protocol

11)

12)

13)

14)

15)

16)

subject peddled at 60 rpm and 100 watts top; 2
minutec;

respiratory data was collected continually and
averaged over 30 sec and HR recorded every 30
sec;

blood pressure was recorded in the last 30 sec
of each load;

at the end of each workload the subjecr stopped
peddling and IC was recorded over - 10 cardiac
cycles (at end exhalation with breathhold ~5-10
sec) ;

resistance was increased by 50 watts and
peddling resumed at same rate;

repeat steps 12 to 15 until maximum (riteria

attained;

Recovery Protocol

17)
18)

19)

20)

21)

subject remained seatud on the cycle;

BP was taken at 30 sec reccovery:

l min recovery respirator; pases and H e
recorded;

2:50 min recovery BP was taken;

3 min recovery respiratory gases and HR were



22)

24)

Notes

1)

2)

86
recorde d
b min bload sample was drawn;
the metabelic cart was calibrated; and
subject remained in lab until HR and BP returned

to normal values (HR < 100 and BP < 140/90).

Maximum criterion (one of following):
VO, increased less than 50 ml with increase
in workload,
attained HR equal to 90% of age predicted

VO?max; orl) unable to continue.



APPENDIX D

TREUATMENT TEST PROTOUCHILL

Subjects attended four treatme nt tests 2 to o4
days apart. The subject cycled at only one
pre-designated «cycling velocity (60, /70, 80, or unp
rpm) for each of these treatments. Each treatment was
conducted at a different but pre-designated velocity
Each test consisteu of cycling 4 minutes at a work
load equated to 40% of VOoamax tollowed by an 1¢
recording (10 sec o1 inactivity), S minutes at L9 of
VO,max and 1C recording, S minutes at 70w ot
V02max and then IC recording followed by 3 minutes
of recovery recordings. The protocol utilized was as

follows:

Resting Protocol

1; the weigh scale and metabolic cant were
calibrated;

2) the subject was weighed to the nearest 0.1 kyp:

3) the impedance cardiography (I1C) tape and sport:

tester was affixed;

4) the subject rested for 30 minutes,
5) resting blood samples were takeun;
6) the subject mounted the cycle;
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B8
/) respiratory pas analysis was initiated (averaged
measures 30 sec)
8) the wubject remained at rest for 2 min (to
determine 7 min resting V02);
9) resting heart rate and blood pressure was taken:

10) resting impedance cardiography measures wcre

taken;

stage One

I1) adjust resistance to calculated equivalent power
output of 40w VOzmaX;

17) subject bepan peddling at treatment cycling
velocity tor 4 minutes with cycling rates being
closely monitored;

13) respiratorv data was collected continually and
averayed over 30 sec and HR recorded every 30 sec
(simultancous HR readings were recorded in the
last 15 sec of each workload using the impedance
cardiogr iph a1 the sports tester):

14 blood pressure was recorded in the last 30 sec of
cach workload:

I5) a4t the end ot each workload the subject stopped

peddiing  and  IC was recorded over 5 - 10 cardiac
cvele (at end exhaslation with breathhold ~5-10
:;('C);

lo) once 1C data was collected the subject began stage



2 at same rate

Stage Two

17) adjust resistance to calculited cquivalent power
output of 55% VO, max;

18) subject began peddling at treatment cyeling
velocity for 5 minutes with cycling rates being
closely monitored,

19) respiratory data was collectad continually and
averaged over 30 sec and HR recorded every 30 sec
(simultaneous HR readings were recorded in the
last 15 sec of each workload using the impedance
cardiograph and the sports tester) :

20) blood pressure was recorded in the last 30 se¢c of
each load;

21) at the end of each workload the subject stopped
peddling and IC was recorded over 5 - 10 cardiac
cycles (at end exhalation with breathhold --9-10
sec) ;

22) once IC data was collected the subject began stage
3 at same rate;

Stage Three

23) adjust resistance to calculated equivalent power
output of 70% VOymax

24) subject began peddling at treatment cycling



a0
velao ity
for o minates with cycling rates being closel-
moniltorped,

/%) respivatory data was coilected continually and
averayed
over 30 <ec and HR recorded every 30 sec
(simaltanecous HR read. recorded in the
last 1, sec¢ of edch work. dsing the 1 ¢
cardiograph and the sports tester);

76) blood pressure was recorded in the last 30 sec of
each load;

27) at the end of each workload the subject stopped
peddling and 1IC was recorded over 5 - 10 cardiac
cycles (at end exhalation with breathhold -5-10
sec)

?8) once IC data was collected the subject remained on
the cvele for the recovery protocol;

29) the metabolic cart was checked for calibration

and. results recorded;

Recovery Protocol

30) subject remained seated on the cycle;

31) BP was taken at 30 sec recovery;

32) 1 wmin :ocoverv respiratoryv gases and HR were
rovox‘d\-d;

33) ?2:30 min recovery BP was taken;



34)

39)

36)

0l
J min recovery respiratory pases and HR weqe
recorded;
5 min post-exercise blood sample wae Jdiawn
subjoct remained in lab until HR and RP 1etutned

to normal values (HR < 100 .and BPp 140 90,
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APPENDIX G

BLOOD LACTATE FESUILTS AT 5 MIN POST-EXERCISFE (mM)

mn PRE MAX 40 RPM 60 RPM 80 RPM 100 RPM
I 0.68 8. 44 .53 2.09 2.51 3.07
2 1.19 11.16 2.93 2.31 2.57 3.73
3 1.10 9.14 2.45 1.19 2.06 2.04
4 0.6/ /.08 3.18 3.66 2.44 5.35
p) 1.30 8.59 2.19 1./8 3.34 3.50
6 0.98 10.13 2.30 2.1z 2.06 3.20
7 1.04 9.31 1.81 2.76 2.16 4.72
8 1.10 12.73 1.70 1.65 1.88 2.32
Y 1.62 12.08 4.16 3.68 2.61 4.04
10 1.24 7.58 2.83 2.77 2.71 4.70
11 1.52 7.61 6.60 4.30 4.51 4.72
12 1.46 ?.95 3.98 3.73 3. 4.39
13 1.27 8.11 3.24 2.72 SN 3.75
14 1.30 11.25 5.48 3.77 3 I8 3.67
15 0.88 13.22 2.39 1.21 1%l 1.65
16 1.36 8.40 6.63 4.50 5 93 6.81
17 1.44 10.20 5.6( 5.60 422 5.80
18 0.99 7.85 4.06 4.17 4.21 4.64
19 1.52 9.92 3.72 2.64 2.52 4.05
SUM 172.75 66.78 56.65 56 .90 76.15
MEAN 9.09 3.51 2.98 2.99 4.0!
STD 2.52 1.54 1.18 1.09 1.24
SEM 0.58 0.35 0.27 0.25 0.28

100



APPENDIX H
BLOOD LAGCTATE CORRELATION

RUN 1 AND RUN ?2

RUN 1 RUN 2 RUN 1 RUN
4.63 5.48 4.14 ho 21
3.29 3.77 S5.44 4. 64
3.31 3.18 7.40 7. .36
4,12 3.67 1.41 0.99
8.88 11.25 1.89 2.35%
1.07 1.30 ]7.136 ].69
3.07 4.14 4 .43 4.16

16 1. 12.59 1 81 3.68
2.04 2.93 1. 74 2.61
2.41 2.31 2.91 4,04
3.51 3.46 11.82 12.08
3.73 3.36 1.40 1.6

11.16 9. 84 4 .40 [
0.84 1.19 9.08 11 40
2.40 2.04 1.31 1.7¢

12.93 9 .24 1.29 1.6~
3.25 4.06 1.49 230
1.34 4.17 1.32 1.8¢8

Reression Output:

Corstant 0.61 0.61
Std Err of Y Est 1.08 1.08
R Squared 0.90 0.90
No. »f Observation 36.00 36.00
Degrees of Freedom 34 .00 34.00
X Coefficient(s) 0.94

Std Err of Coef. 0.05
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ANOVA FESULTS

APPENDIX |

STATISTICAL ANALYSIS

VARIANCE VARIANCE
VARIABLE SOURCE SUM DF  ESTIMATE F PROBABILITY
vo? vo2/P0 72.42 2 36 .21 113.16  p<.01
VO2/CR Y. 82 6 1.61 105.35  p<.0l
vo2/P0/CP 805.29 108 0.07 4.48  p<.0s
HE HR/PO 99811 .48 2 49905 74 /8. /7 p<. ol
HR/CR  9190.43 6 3063.48 22.78  p<.0l
HR/PO/CR 805.29 108 134.2] 4.96  p<.01
SV SV/PO 416.80 2 208.40 0.12  p>.05
SV/CR 224.69 6 74.90  113.04  p<.0l
SV/POJCR 156.62 108 26.10 4.93  p<.0l
co CO/PO  1645.10 2 822.55 96.77  p<.01
CO/CR 155.36 6 51.79 94.37  p<.01
CO/POJCR 13.02 108 2.17 3.94  p<.01
MAP MAP/PO  5152.80 2 2576.40 8.77  p<.0l
MAP/CR  641.67 6 213.89 22.78  p<.0l
MAP/PO/CR  3065.04 108 81.90 2.89 p<.01
SUR SVR/PO  1357385. 2 678692.7  31.33  p<.0l
SVR/CR 152328.3 6 5260.88 27.67  p<.01
SVR/PO/CR 31565.28 108 1835.29 2.87 p<.05
RPE RPE, PO 1199.07 2 599.54 66.99  p<.0l
Rpre/Cp 16.20 6 5.40 3.16  p<.01
RPE/PC /X 32.40 108 5.40 3.16 p<.0l1
BDLA  BDLA/CR 101.25 54 1.87 13.36  p<.0lI
J_WAY ANOVA REPEATED
VARIABLE/PO: 2(.01) =3.17 p(.05) = 5.01
VARIABLE/CR: p(.01) =2.70 p(.05) =~ 3.97
VARIABLE/PO/CR: p(.01) = 2.19 p(.05) = 2.98
I WAY ANOVA REPEATED
VARIABLE/CR: p(.01) = 2.78 p(.05) = 4.17
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APPENDIX I (PAGE 2)

POST _HOC MEAN COMPARISON -

NEWMAN-KEUL.S

Q TABLE - STUDENTIZED PANGES

1013

VARIABLE 40-60 40-80 40-100 60-80 60-100 &0- 100
Vo2 (14W) 0.01 .61 8.104% 1. 59 8 QA% 6 494
Vo2 (MED) ] 81 J. 56 6.65%% | 27 8 48 x ) D]k
V02 (HIGH) 3.90*% 3 (8% 2. 88+ 0.82 6 78k 5 Q6%%
HR (LOW) 0.38 2.83 8.95%x 2. 40 9.334% 6 93kx
HR (MED) 2.03 0.83 6.80*+ 2. 85 8.83x% 5 984
HR (HIGH) 3.75 0.60 2.93% 2.65 6.18%% 3 53
SV (LOW) 1.4 1.94 0.21 0.48 1.67 2.15
SV (MED) 0.27 0.70 0.89 0.97 1.17 0.20
SV (HIGH) 0.20 2.01 0.13 1.81 0.07 1. .88
CO (LOW) 0.69 0.42 8.79%% ] 1] 9.49%% 8 3/
CO (MED) 1.56 .43 5.52%+ 1.13 7.08%% 5 954%
CO (HIGH) 2.90 2.33 3.09+ 0.56 5.97%% 5 40**
MAP (LOW) 0.81 1.7/ 4.60*% D 58 J.79x% 6 3 /%*
MAP (MED) 3.17 2.88 1.69 0.29 1.4, 1.19
MAP (HIGH) 2.27 3.30 1.27 1.03 1.00 2.03
SVR (LOW) 1.54 1.89 7.31%% 3 43% 8.86%% 5 434
SVR (MED) 0.67 1.30 5.04%% (.63 4. 374% 3 J4x
SVR (HIGH) 0.83 0.20 2.30 1.03 3.13 2.11
PRE (LOW) 0.33 0.58 1.41 0.25 1.08 0.813
PRE (MED) 1.5 2.24 3. .72 0.75 2.24 1.50
PRE (HIGH) 4.53%% 4 9]*> | 4] 0.37 3. 10+ 3. 49%
BDLA (HIGH) 5.10%% 4 97%% 5 724% (.13 9.81%% 9 £94%
MEAN _COMPARISON : DF L TABLES p<.05 p<. 0]
02 - Smallest mean comparison 2,72 3./75 2.82
03 - Larger mean comparison 3,72 4.29 3.39
Q4 - Largest mean comparison 4,72 4.58 3./3
*k . p<. 0]

*

- p<.05



APPENDIX J

LITERATURE REVIEW

The primary focus of this review of literature

will be the cardiovascular and perceived exertion
responses to cveling velocities. The review will also
include submaximal and maximal determination of oxygeun

uptake and general physiological re<ponses to dynamic
exercise with specific concentration on cycle

ergometry literature.

a. Cardiovascular Rosnonse to Dynamic Exercise

Some evidence svggests that the cardiovascular
demands of short duration dynamic exercise can be met
by the sympathetic drive (central control :aechanisms)
(Lehmann et al., 1981). Patterson (1928) suggests
that the needs may be met by reflex afferent neural
activity from skeletal muscle and joint receptors.

Mitchell (198595) demonstrated that both central and

reflex neural mechanisms «can be responsible for
cardiovascular changes during dynamic exercise. He
contends that both the central neural control
mechanism (¢central command, related to motor unit

recruitment) and reflex neural control mechanism
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(activation ot me.hanoreceptors connected to proup 111
skeletal muscle afferents) inftiate the cardiovasculal
response and determine the beginning level of etterent
activity of the autonomic nei1 ous system to the heart
and Dblood vessels. During v .ercise, Mitchell (1984)
and others (Rowell et al., 19y Perez-GConzaler, 14981
suggests a retlex neural meci v sm exists which works
on a feedback system Trowv th . ercising muscle and
responds to meitabolic changes. Therefore, during
light-intensity work this reflex neural mechanism may
not be activated; however, during moderate or high
intensity dvnamic exercise this mechanism appears to
be sending signals to elicit efferent autonomic
changes to meet the exercise demands (Rowell, 1980:
Mitchell, 1985).

During dynamic exercise the cardiovascular
response may be described by indicating the individual
physiological responses as follows. Stroke volume
reaches a maximum at an approximate heart rate of 110
to 120 ©beats per minute (Astrand et al., 1964). Once
the maximum or ©peak stroke volume has been achieved,
it is maintained at this level as long as the exercise
intensicty remains at this level or increases  to
submaximal levels (7"lausen, 1976) . Consequently,
further increases in cardiac output must bhe achiewved

by increases in heart rate. Systolic blood pressure
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increases linecarly with workload increas oderate
increases in mean arterial blood pressure occur and
diastolic  blood pressure decreases slightly or remains
unchanged (Bezucka et al . , 1982). The chanpes in mean
arterial pressure are a result of changes in cardiac
out put and systemic vascular resistance While
cardiac out o is reiated to external workload, in
spite of the muscle mass employed, mean arterial
pressure is influenced by both (Clausen, 1977).

Exercise induced vasodilation is dependent on the size
of the muscle mass employed and the intensity at which
the muscle is working (Astrand, 1960).

A summary of the central and peripheral
circu'atory adjustment to d-.ramic exercise in normal
he 'thy individual is as follows. Cardiac output
increases linearly with oxygen uptake. This increase
in cardiac output is accomplished by increased heart
rate and stroke volume. The cardiac output is
directed in a biased manner to the exercising muscles,
the myocardium and other essential body function- J
reducing blood flow to non-exercising tissue, and
organs  through sympathetic vasoconstriction (Clausen,
1976; Mitchell, 1985).

Further cardiovascular responses to exercise

are discussed under each subheading.
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b. Oxygen Uptake

The ability to perform activitice:- of greataen
than Y0 seconds duration depends on the ab{lity to
take in a. utilize oxygen (Brooks and Fahey, 1984)
Oxygen uptake increases as the intensity ot dyonam..
exercise increases until it reaches a platcau or peaks
whliere in spite ot increasing exercise intensity,
oxygen uptake does 1.* increase (Astrand, 1960) .
oxygen uptake shows little variance tor equal work and

consequently, is an  excellent indicator of work

equivalency (Astrand, 1960) .

i) Determination of Maximal Oxygen Uptake

Many investigators  hav: devised maximal oxypgen
uptake tests for the treadmill and cycle ergometer
(Astrand, 1956; Binkhorst, 1963, Taylor, 1955). The
methods have been compared extensively. Astrand
(1956) found no significant difference in maximum
oxygen uptake determined on the treadmill (elevation
of one degree) and the bicycle ergometer. ODther
researchers found that signiticantly higher VO, max
results are obtained in running on the treadmill (with
an elevation preater than 3 degrees) than on the cycle

ergometer. Astrand and Saltin (1961) found 5%
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difterinces  while Glassford et al (1965) reported 8%
difterencen These tindings agreed with Hermansen and

Saltin's (1969) findings of 7%, Chase et al. (1966)

found much higher differences (15%) in subjects
unfamiliar with cycling. Astrand and Saltin (1961)
found no o dirtterence In  maximum oxvyen mptake when
skiing or «c¢ycling (employing the arms). Hermansen

(1973) found signiticantly higher results by using a
ski-walking technique (subject treadmill walking with
slightly bent knees and using ski-poles) ar 12 degrees
incline, than normal treadmill running.

[n peneral, maximum oxygen uptake tests using a
produce lower maximum oxygen uptake

cycle erpgometer

’

values than wusing a treadmill. The difference is
reduced, and in some instances negated, if the
subjects are skilled cyclistys (Astrand, 1956 ;

Hermansen, 1969; Potirin and Josse, 1983).

There are various procedures for maximal oxygen
uptake testing on the cycle ergometer. With careful
and judicious control similiar results have been
produced (Binkhorst, 1963; McArdle and Magel, 1971;
Stamtord, 1976) . Protocols tor VO,max tests can be

tound in MacbhDougall et al. (1983).
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ii) Prediction of Maximum Oxypgen Uptake trom
Submaximal Tests

Direct determination of maximum oxygen uptake s
not always practical or realistic for the population
being tested. Therefore, the development ot a simple,
valid, teliable and sate method ot determining maximum
vxygen uptake was necessary. Numerous tests have been
developed (Astrand and Ryhminy, 1954; Sjostrand, 1949;
Wahlund, 1948) . Cardiac ovutput and oxygen uptake are
the most reliable and valid measures of
cardiorespiratory function (Astrand and Ryhming, 19%4;
Cummings and Cummings, 1763) However, the expense
and the practical difficulties of! measuring oxypgen
uptake as a field test has resulted in the measurement
of physiologicul parameters which are easier to
measure and . llow prediction of VO,max. The linecar
relationship between oxygen wuptake and heart rate
during steady-state heavy exercise has clearly been

demonstrated (Astrand and Ryhming, 1394; Cummings and

Cummings, 1963) . Based on *his relatrionship between
heart rate and oxygen wuptake. numerous reseachers
(Andersen, 1965 ; Assmussen anu  Hemmingsen, 1958 ;

Workman and Armstrong, 1964) have developed submarvimal
tests which predict oxygen uptake from the

relationship heart rate to power output.
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In 1954, Astrand and Ryhming devecloped a
nomogram to facilitate the prediction of VO,max from
the heart rate as determined at a known work rate on
various pieces of apparatus. Adjustment, fer age
(Astrand, Astrand and Rodahl, 1959) and sex (Astrand,
Astrand and Rodahl, 1959; Taylor, 1941) were nade to
account for the gradual decline in maximal heart rate
with age and higher heart rate for equivalent work for
females. lLater, Astrand (1960) provided mo ‘e
direction for the use of the nomogram to increase the
accuracy of its prediction. He suggested that the
lowest submaximal load wused to predict oxygen uptake
should not be lower than the power output needed to
elicit a heart rate of 129 beats per minute (b/min).
Validity measures were performed comparing the
nomogram to the treadmill and cycle ergometer maximum
tests (Astrand and Ryhming 1954) and found a seven to
nine percent error. Hettinger et al. (1961) reported
a significant difference (p<0.05) between predictive
and maximal testing of 28 policemen, ages 20 to 30.

They sugpgested the difference was possibly caused by

poor physical condition of the subjects and
consequently maximal uptake may not have been
attained. The nomogram's reliability was also
verified on more vlicemen (Rodahl et al., 1961) and

on older men (Astrand et al., 1959). The differences
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were 5% and 1% respectively. Relianéifty and vali'ity
measures were conducted on 78 young military trainees
(Boning and Dahlstrom, 1962) . The correlation
coefficients were 0.97 for wvalidity and 0.98 for
reliability at heavier loads (150 watts) and 0.94 an.
0.90 at lighter loads (100 watts). Six maximal tests
of working capacity were compared by de Vries and
Klafs (1964). They found the Astrand-Astrand nomogram
met! »d and Sjost and work capacity test (Sjostrand,

1947) oproduced the highest predictive values. The

best ‘rrelations they attained between the submaximal
test  and maximal test v 67 a4 0.85. Rowell et
al. (1964) found that mogram underestimated
VOomax by between 5 anc « with one as high as a
27% underprediction. Glassford et al. (1965)

compared three maximal oxygen wuptake tests to the
nomogram predictions on the Astrand six minute bicycle
test (Astrand and Ryhming, 1954) on 24 healthy males.
All tests produced significantly different results
(p<0.01), however, when compared separately no
significant differences existed. Correlations
between the predictive test and each VOoomax test
were .65 with the Astrand bike test (as described by
Astrand, 1956), 0.72 with the treadmill tes' described
in Taylor et al. (1955) and 0.78 with the treadmill

test of Mitchell et al. (1958) . It is also



interesting to note th.- the submaximal values
correlated as well as any correlation of the two
direct measures . Many factors affect submaximal
prediction of oxygen uptake from heart rate. A number

of authors (Astrand, 1950; Toner et al., 1982; Taylor

et al., 1955) have demonstrated that temperature, time
of day, fatigue, mechanical efficiency, dehydration,
meals, smoking, altitude, age, sex, emotional
condition, exercise condition and muscle mass
employed, affect heart rate and therefore, affect

submaximal prediction of maximum oxygen uptake from

heart rate

c. Physiological and Perceived Exertion Responses to
Cycling Velocities

i) Background of Cycling Velocity in Bicycle Ergometry

In 1899, Zuntz was one of the first scientists
to investigate cycling efficiency. He measured oxygen
uptake of walking and cycling at various speeds and
found «c¢ycling to be 2.5 times more efficient than
walking, in terms of oxygen uptake. The study of
efficiency (oxygen <cost) of «cycling 1in relation *o
pedalling speed was first conducted on a stationary
bicycle by Benedict and Cathcart (1913). They found

that slower cycling rates produced greater efficiency,
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that is, a lower oxygen cost (this was with no

resistance) . Duffield and MacDonald (1923), looked at
the relationship between speed and efficiency. \Usiup
one subject, the braking resistances were varied and

oxygen uptake measured using cycling velocities ot 40,
63 and 85 rpm. They concluded, similar to Benedict
and Cathcart (1913), that the cost of cyciling varies
linearly with the rate of cycling.

Dickinson (1929) provided an indepth evaluatic

of cycling efficiency in relation to speed a:
resistance, however, the range of these parameters wa
not provided. She found the optimal cycling speed

using a 7 inch «c¢rank, was 33 rpm for minimal oxypen
cost over the range of 5 to 26 kilogram (kg) force on
the pedal.

In the late nineteen fifties and early sixties,
ergometer testing became extremely popular for
submaximal and maximal determination of maximum oxygen
uptake. In 1966, the Research Committee of the
Internationl Council of Sport and Physical Educ.ation
on standardization of ergometry proposed cycling
frequencies appropriate for various power outputsy
which were: 30 :pm for O - 100 W (600 kpm/min), 40 rpm
for 100 W - 200 W (1200 kpm/min), 50 rpm for 200 W
300 W (1800 kpm/min) and over 60 rpm for over 300 W.

As a result of these recommendations, numerous studies
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ensued .nvestigating various physiological and stress

perception responses to cycling velocities.

ii) Oxypen Uptake and Cycling Velocity

During steady rate cycling, oxygen uptake
incre. ¢s to meet the oxygen demand and then levels
ot at low and medium power output:; at high power
output (above anaerobic threshold) oxygen aptake
continues to rise in spite of constant work being
performed (Astrand, 1960) . Some authors felt that

variations in oxygen uptake for different cycling

rates was a result of different mechanical
efficiencies (Grosse-Lordemann and Muler, 1937,
Eckermann and Millahn, 1967) . There is however, a
great disparity in the literature o- ven uptake and

cycling velocity.

Hess and Seusing (1962) investigated oxygen
uptake and cycling velocities of 30, 60 and 90 rpm at
power outputs of 30 and 60 W in 5 young (mean age 24)
untrained male subjects. Oxygen uptake was
significantly higher (p<0.05) for 90 rpm than for 30
or 60 rpm. No significant difference existed between
30 and 60 rpm,

Twelve wuntrained males (age 18-32) cycled for 6

minutes at cvcling velocities of 30, 4C, 60 and 90 rpm



and power outputs of 100 and 150 W (Eckevrmann and
Millahn, 1967) . At low (100 W) and mediam (150 W)
power outputs the subject utilized more oxypen at 30
and 90 rpm than at 40 or 60 rpm (p<0.01). No
significant difference was observed in oxygen uptake
between cycling velocities of 40 and 60 rpm.

Banister and Jackson (1967) varied power output

and cycling wvelocity and observed the oxvpen uptake
results of one subject, a 25 year old pgold medalist
oarsman. They experimented with cycling velocities of

50, 60, 70, 80, 100 and 120 rpm and power outputs at
60, 120, 180, 240 and 300 W and found that oxypen
uptake at high PO was much higher for faster cycling
rates (100 and 120 rpm). Oxygen uptake for 50 and 60
rpm was slightly lower than oxygen uptake for 70 and
80 rpm at low power outputs. At high power outputs,
50 to 80 rpm were very similar while oxygen uptake for
100 and 120 rpm were much higher. By using the
Astrand and Astrand nomogram, they pointed out that
the point of entry workrate and heart rate must be
common to produce similiar VO, max estimates. This
does not occur at high cycling speeds.

Pandolf and Noble (1973), studied the response
of fifteen male athletes to cycling speeds of 40, 60
and 80 rpm at three different power outputs (60, 125

and 175 W). They found no significant difference in



oxygen cost between any of the cycling frequencies at
ecach power ocutput.

Twelve well-conditioned males (ages 19-24) were

studied by Gaesser and Brooks (1975). Power outputs
of 0, 313, 65, 100 and 130 W at cycling velocities of
a0, 6HO, 80 and 100 rpm were investigated. Subjects
pedalled at work rates of 33 and 65 W for 6 minut. -

each and at 100 and 130 W for 8 minutes each with
rest period between bouts (until oxygen uptake
returned to pre-exercise values). Only one cycling
frequency was performed on each wvisit to the
laboratory. Net efficiency was <calculated as work
accomplished divided by energy expended above rest.

Change or delta efficiency was the change in work

accomplished divided by the change in energy
expenditure. At 60 rpm. net efficiency remained
relatively «constant with increased workloads. At
ocher speeds, work efficiency tended to increase with
lower work rate (33 - 65 W) and decrease with higher
work rate: (100 - 130 W). Delta efficiency remained

relatively constant at 60 rpm for all work rates
whereas, delta efficiency for 4O, 80 and 100 rpm
decreas.d as metabolic load increased. They
postulated that the most linear relationship between
caloric output and work rate occurred at 60 rpm.

McKay and Banister (1976) wanted to determine if
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higher «cycling veloci*ies on the ergometer could more
closely approximate the higher VO,max values
attained on the treadmill. They had 5 male athletes
perform maximally on a «cycle ergometer at cycling
velocities of 60, 80, 100 and 120 rpm and running
speeds of 6, 6.5, 7, 7.5 mph on the treadmil]l .
Treadmill VO,max results were significantly higher
than «cycle ergometer results. no differences existed
between the VOy,max results for ditterent treadmill
running speeds. Cycling velocities ot 80 and 100 rpm
produced significantly higher VO,max results than 60
or 120 rpm. The mean maximum oxygen uptake values for
80 Ipm wervre 4.70 l1/min (*0.1) compared to treadmill
values 4.89 1/min (*0.13) at 7.5 mph and 50.6 1l/min
(+0.13) at 7.0 mph.

Various <cycling velocities (50, 60, 75, 85 and
100 rpm) at work rates estimated to equate to 60% of

VOzmax, were investigated (Gueli and Shephard, 1976)

on ten healthy, young (ages 22-31 years; non-smoking
male physical education students. The subjects warmed
up for seven minutes at 50 rpm, adjustin: -~ . load to
reach a final heart rate 140-145 beats nt e and
then exercised at power output assigne T to
latin squares design at each of th ng
velocities (two minutes at each ve 11

subjects showed a decrease in breathing at
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60  and /0  rpm, however., at 85 rpm respiratory minute
volumes were reduced (although not significantly).
Oxygen uptake costs at 50 and 100 rpm were
significantly higher than 60, 70 and 85 rpm; /0 and 85
rpm were lower (but not significantly) than 60 rpm in
terms ot oxygen upt.ike.

The difterence between increasing cycling
velocity or increasing resistance (load) in
determining VO,max was investigated by Moffatt and
Stamford (1978) on the bicycle ergometer wusing
discontinuous maximal tests. Twenty-nine males and

nine female wuniversity students participated in the

study. There was no significant difference between
the two method- Howeser, for males in re-testing,
there was a significant difference between the
resistance methods of increasing load. Therefore,

increasing cycling velocity for males was the more
reliable method Oxygen costs of high work rates were
higher at 60 rpm for men and lower at 60 rpm for
women. For men performing at high power outputs
(175-265 W) higher frequencies (60-90 rpm) were most
efficient (the lowes: oxygen cost).

Lollgen et s1. (1980) investigated <cycling
‘volocities of 40, 60, 80 and 100 rpm at work rates
equated to O, 70 and 100% of VO,max on 6 physically

active males (ages 24-33) . V02max was determined at



60 rpm. The subjects were tested on four occasfons at
a different frequency. Fach test consisted ot 6
minutes of pedalling with no resistance, 5 minutes at
a power output equal to 70% of VO,max tollowed by

10-20 second pause and 2.5 to 5 minutes at 100% of

VO,max. At a power output which would require 1004
ot  VO,max, no difference occurred in oxypen uptake
as a result of cycling velocity. At 70% of VO,max,

no difference existed in oxygen uptake between 40, 60
and 80 rpm; however, 100 rpm was significantly higher.

Nine well-trained male cyclists (mean age 1/7.8)
and six untrained male medical students (mean ape
21.7) were subjects in a study investigating the
relationship of power output (50, 100 and 200 W) and
cycling wvelocity (40, 60, 70, 80 and 100 rpm) to
oxygen wuptake (Boning et al., 1984). At low power
outputs (100 watt or less), oxygen uptake increased
with increased «cycling frequencies. At 200 watts,
cycling velocities of 60 and 80 rpm required
significantly lower oxygen uptake.

Buchanan and Weltman (1985) also wused hipghly
trained male <cyclists wusing 60, 96 and 120 rpm and
power outputs that elicited blood lactate (Bdla)
levels of 1lactate threshold (lt), 2 millimoles/liter
(mM) and 4 mM and maximum exhaustion. These levels

resulted in different power outputs at different
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cycling velocities to ellicit the desired BdLa levels.
At 1t power outputs were 210, 185 and 165 W for 60,

160 and 120 rpm respectively,; at 2mM were 250, 235 and

MDY W, at 4mM were 290, 280 and 245 W: and at maximum
the prwer outputs were 333, 335 and 307 W
respectively. They found oxygen uptake higher

(p<0.05) for 60 rpm than 90 or 120 rpm; however, the

power out;ut between cycling velocities at each level

were signifi «n v different which is a confounding
variable. W« , 'Wwer output of near equal ranges were
compared, oxyven uptake differed only slirhtly between

60 and 90 rpm; 120 rpm required higher quantities of
oxygen for the same work (no test of significance w

conducted on these values - means were compared).

iii) Heart Rate and Cycling Velocity

It has been demonstrated that a linear
relationship exists between power output in ergometry
performance and heart rate over the heart rate range
of 100 to 170 beats per minute (Berggren and
Christensen, 1950).

During <c¢ycling on ar ergometer once heart rate
has reached steady state it increases directly with
oxygen uptake (Brooks and Fahey, 1984); this |is

especially true in trained subjects. Mellerowicz and
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Smodlaka (1981) sugpgest that at  low power output
(50-100 W) heart rate steady states in 2 to 3 minutes
and at medium (150 W) and high power output (over 200
W) there is a steady rise in heart rate. In
aerobically fit subjects the heart rates at equivalent
loads are lower. Increases in heart rates for equal
increases in power output are also lower tor trained
subjects (Astrand and Ryhming. 1954).

Using wuntrained males cycling at low (100 W) and
medium power outputs (150 W) at rates ot 30, 40, 60
and 90 rpm, Eckermann and Millahn (1967) found no
significant difference in heart rates elicited at 40
or 60 rpm. Higher heart rates (p<0.001) resulted at
300 and 90 rpm than at 40 and 60 rpm. Heart rates were
lowest at 40 rpm for both PO.

Low (95 W), medium (125 W) and high (195 W)
power outputs were investigated in 15 male athletes at

cycling velocities of 40, 60 and 80 rpm (Pandolf and

Noble, 1973) . No significant difference was observed
between heart rate and cycling velocity. The trend
however, was that low velocities elicited the lowest

heart rates at low and medium power outputs (40 rpm
lowest heart rates, then 60 rpm and highest 80 rpm).
Heart rates were 8 to 10 beats per minute higher for
80 rpm than for 40 and 60 rpm. At high power outputs,

60 rpm produced the lowest heart rates.



buring VO,max tests 5 male athletes cycled at
6O, 80, 100 and 120 rpm and produced statistically
aimilar heart rates  (McKay and Banister, 1976). The
mean heart rates were 82, 185, 183 and 182 for cycling
velocities of €0, B0, 100 and 120 respectively.

Cn physically fit males cycled at 60% of
VOo,max using cycling velocities of 50, 60, 70, 85
and 100 rpm for 2 minutes at each velocity after a 7
minute warm-up (Gueli aund Shephard, 1976). Cycling
rates of 70 and 85 rpm produced minimal heart rates;
40 rpm produced the highest heart rates and 60 and 100
rpm were very similar (statistical analysis was not
performed on heart rate).

Michelli and Stricevic (1977) used power output
of 100 W to evaluate cycling velocities of 40, 50, 6C,
70 and 80 rpm on 15 healthy young male subjects.
heart rates were vrecorded for each minute of the 6
minute rpm test. The heart rate, in all instances,
steady-stated before the 4th minute of recording (with
a  mean incvease of 4 beats per minute or less between
the last three rinutes of each test). A test of
significance was conducted between all six minutes for
all c¢veling velocities. The heart rate response to
40, 50 and 60 rpm were not significantly different,
although 50 rpm produced the lowest mean heart rates.

Higher heart rates (p<0.05) were elicited at 70 and 80



rpm with 80 rpm values beinpg the highest

Power out put s equated to O, 710 and 1008 of
VOzmax at cveling velocities of 40, 60, 80 and 100
rpm were investigated on 6 healthy males (lLollgen et
al ., 1980) . Heart rates at 0% of VOo,max (no load)
increased as cyciiny celocities increased, that {5,
heart rates for 40, 60 and 80 rpm were significantly

lower than those for 100 rpm (p<0.05) and hear- rates

for 40 and 60 rpm were lower than for 80 rpm
(p<0.05) . The lowest heart rates were obtained at 40
rpm. At high power outputs (/0% of V02max), heart

rates 1increased with «cycling velocities but was only
significantly 1lower for 40 and A0 rpm compared to 100
rpm. This trend continued at VO,max except no
comparisons produced a significant differenvce.

Seven elite male <cyclists pedalled at 80% of
VO,max using road cycles on a treadmill selecting
preferred gear rations (mean rate of 91 rpm and a range
of 72-102 rpm), 1 or 2 gears abcve ard 1 or 2 gears
below the preferred rate (Hagherg et al., 1981). The
heart r/.tes were lowest at preferred rates, slightly
elevated at lower rates (+1.5%) and highly elevated at
higher rate (+5.1%). No test of significance was
conducted.

Boning et al. (1984) compared 9 trained (T)

cyclists and 6 untrained (UT) subjects at cycling



velocitics of 40, 60, 70, 80 and 100 rpm and power
outputs of 50, 100 and 200 W. Heart rates f - trained
were significantly 1lower than for uuntrained for all
cycling velocities and all power outputs. Definite

similar trends existed when the trained and umtrained

were investigated separately (not analyzed
statistically). At very low power outputs (50 W),
heart rate increased as «cycling velocity increased.

At higher power outputs but still low r .nge (100 W),
40, 60, 70 and 80 rpm produced very similar heart
rates while 100 rpm produced much higher heart rates.
At high power outputs (200 W), the untrain : group
registered the lowest heart rates at 60 rpm wnile
heart rates for 80 rpm were slightly higher, heart
rates at 40 and 70 rpm were slightly inucreased over 80
rpm and heart rates at 100 rpm were very high. For
the trained group 70 rpm produced lowest heart rates
closely followed by those for 60 rpm with HR's for 40
and 80 rpm higher still and heart rates at 100 rpm
were extremely high in comparison.

Five trained cyclists worked at a power output
of 85% of VO,max for various cycling velocities (40,
60, 80, 100 and 120 rpm) to allow comparisons of 10
and 20 minute bouts of cycling (Coast et al., 1986).
They found that heart rates were significantly greater

fcr 20 minutes than 10 minutes of cvcling at every

124



velocity (approximately 10 beat difference). Heart
rates at 80 rpm were lower than for all other cycliny
velocities (p<0.05) after both 10 and "0 minutes
exercise. No significant difference existed between
heart rate and any other cycling velocity, although
the highest heart rates were recorded at 120 rpm.
After 10 minutes of cycling, 100 rpm elicited higher
heart rates than 40 or 60 rpm; this was reversecd after

20 minutes of cycling.

iv) Stroke Volume and Cardiac Output

The ability to measure stroke volume and, or
cardiac output directly (Direct Fick Method or
Dye-Dilution Technique) during bicycle ergometry under
normal circumstances is either not possible or
feasible in healthy subjects. Numerous indirect

methods of measurement have been developed including

echocardiography (measuring end diastolic and end
systolic volumes), radionuclide imagery,
ballistocardiography, "carbon dioxide rebreathing au

impedance -ardiography (Little, 1985; Mellerowicz and
Smodlaka, s1) . The following section shall only
discuss impedance cardiography, its validation,
reliability and reproducibility.

Impedance cardioy phy is based on the theory
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that the recorded impedance variations are <caused
primarily by «changes in volume of the intrathoracic
arteries due to the pumping action of the heart. Four
electrode bands are placed around the neck and thorax
and a weak alternating current 1is sent through the
outer two bands which is undetectable by the subject

and the high frequency ot alternation is incapable of

stimulating the heart. The changing amounts ot
current are recorded and stroke volume is calculated
according to the formula of Fubicek et al. (l14b6)
(Lamberts et al., 1984):
SV - P - L? - dzZ/de_.. - T
min
z,°
where P = electrical resistivity of the blood at body
temperature (PuSB.ZeO'OZZH) (Gebbes and Saddler,
1973), H - hematocrit (%), L = average distance (cm)

between the inner bands measured st the anterior and
posterior midline, Z, -~ the mean transthoracic
impedance (otims) between the inner bands, dZ/dt:min -
minimum value for the 1rate of change of impedance
(ohms) occuring during the cardiac cycle, and T = the
left wventricle ejection time (s2conds). In order to
reduce artifact during exercise, the system has been
further refir o (Teo et al., 1985; Hetherington, et

al., 1986) by having the subjects stop all movement,

remain motionless and hold their breath at the end of
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a normal expiration for five to ten cardiac cycles
(approximately 5 seconds) . Using impedance
cardiography to determine stroke volume (and therefore
cardiac output) has been validated with direct methods
in over sixty studies on humans by forty different
investigators with wvalidation <correlations wvarying

from .49 to .96 (Lamberts et al., 1984). With refined

tec uiqes, the wvalidity measures have been greatly
improved (.85 - .96).
A comparison between the cardiac outputs

determined by dye-dilution and impedance cardiography
methods was conducte’ on ten healthy active young
males (mean age 20) on a cycle ergometer in an upright
position at rest, 100, 195 and 295 w (Lenniston et
al., 1976) . They found a significant correlation
between both stroke volume (r=.90) and cardiac output
(r=.84) as determined by two methods.

Cardiac ontput measures were compared using two

non-invasive me thods, namely, an indirect Fick
technique, the Gould 9000 IV system wusing «carbon
dioxide rebreathing and electrical bioimpedance

cardiography wusing the Bo Med NCCOM3 machine (Smith et

al ., 1988). The study was conducted in 2 parts; first
a resting study and later an exercising study. In the
resting study, the subjects (15 males and 4 temales,

mean age 43.5, range 18-76 of varying medical and
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health conditions) rested for 10 minutes then cardiac
output was determined with 3 to 8 pairs of
simultancous measurements taken every 5 min during
supine resting. Eleven of the original subjects
participated in the exercise comparison of the study
(9 males and 2 females, mean age 2?68 and range 18 to
319) . They found a significant correlation between the
two methods (r=-.56, p<0.001) with 73% of the vaiues

lying outside limits defined by 1lines of identity

+20% . Statistical significance was greatly reduced
when stroke volume index was correlated (r=.24,
p<0.05) . They observed the stroke volume determined

by impedance was consistently lower than stroke volume
determined by an indirect Fick method (carbon ioxide
rebreathing) . They also found that the indirect Fick
results were linearly related to oxygen uptake while
impedance measures were not. They concluded that
further wvalidation 1is required ©before either method

(machines) could be recommended as an alternative to

invasive measurement. It should be mentioned that the
method wused in this paper (Sramek et al., 1983; taken
from the published study being referenced) to

calculate stroke volume and administering the test
trom impedance cardiopraphy differs greatly from the

Kubicek formula (Lamberts et al., 1984). The major

»

differences being the calculation of the distance that



the electrical impulse is impeded {s less accurate

(they used height and weight instead of actual
meas' - d distances) and they failed to stop all
movement and breathhold at the end of normal
exhalation. Breath holding establishes a stable

baseline and reduces artifact thereby increasing the
dAccuracy.

Teo et al. (1985) used the direct Fick method
and impedance cardiography simultaneously on 4
patients with coronary artery disease (CAD) at rest
and during <c¢ycle ergometry at 80 and 130 W. The
correlation coefficient between the two methods for 40
measures over a cardiac output range of 3.5 to 18
litres per minute was r=.93. The systematic error was
less than 5t in each subject. The reproducibility of
impedance cardiography was also evaluated in this
study on 6 healthy well-conditioned males (mean age
26.4). Measures were recorded at 30, 50, 80 W and
additional 50 W increments to exhaustion. The
correlation cocefficient between the tests (test and
re-test) was 0.84 for stroke volume, 0.98 for cardiac
output and 0.98 for oxygen uptake. The cardiac output
values were similar to those founc by Astrand et al.
(1964) .

The s:roke voiumes and cardiac outputs ot 20

patients with «coronary artery disease was detegmined
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at rest and during supine cycle ergometry using direct
Fick and impedance cardiography and the
reproducibility of results was assessed in 5 patients
randomly selected (Hetheringten et al., 1985). No
systematic error existed and the correlation between
the two methods was 0.93. T"est re-test correlation
was hipgh (r=.94)
v) Stroke Volume, Cardiac Output and Cycling
Velocities

Cardiac output was assessed using dye-dilution
technique on 23 well-trained subjects (12 males, 11
females ages 20-30) on the cycle ergometer from rest
to maximum exercise (Astrand et al., 1964). Cardiac
output increased linearly with oxygen uptake from rest
to /0% of VO,max and again linearly from 70% of
VO?max to V02max with a reduced slope (that is
decreased cardiac output for equal increase in oxygen
uptake) . They determined that during a maximum test
to attain maximum levels over resting values, heart
rate increased 4 fold, stroke volume increased less
than 2 fold, cardiac output 1increased 6 fold and
oxygen uptake increased 6 fold (average values for
normal healthy subjects). Thev further surmised that
arterial  venous oxygen difference (a-v0, diff; cthe

difference in oxygen content between the blood
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entering and that leaving the pulmonary capillaries)
had to increase 3.3 fold since Vo, = Cco - a-vo,
difference. In these well-trafned subjects, they
found that stroke volume ©peaked or leveled off at a
heart rate of about 110 or 120 beats per minute unti]l
near maximum exhaustion when in some <cases stroke
volume dropped slightly. Heart rate increases
accounted for all the increases in cardiac output.
Grimby et al. (1966) examined heart rate, stroke
volume and <cardiac output in 11 healthy males (22-1Y
years of age) on a cvcle ergometer at rest, 195 and
295 W wusing the dye-dilution technique. They found
similar results, in that, stroke volume peaked within
two minutes at 195 W and did not increase with u
subsequent increase in power output while heart rate
and cardiac output did increase. At 295 W, heart rate
and cardiac output increased between minutes 5 and
minutes 7 of exercise and remained unchanged for 130
minutes of exercise (stroke volume decreased pgradually
after 7 minutes work at higher power outputs).
No studies were found relating to cycliny
velocity and cardiac output or stroke volume

measurement .
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vi) Blood Pressure

Arterial blood pressure can be measured directly

or indirectly during cycle ergometry. The indirect
me thod is  used most often. In healthy young males at
the start of exercise, systolic blood pressure, like

heart rate, increases rapidly and tends to mimic heart
rate changes during exercise (Astrand et al., 1965).
Systolic blood pressure reaches steady state within a
few minutes at low and medium power outputs but rises
continually at high power output (Astrand et al.,
1965)

Hallmann and Hettinger (1980) found that

diastolic blood pressure fell slightly as exercise

increased when measured indirectly (with a blood
pressure cuff); whereas it rose slightly (20 mmHg)
(Astrand et al ., 1965) when measured directly
(peripheral artery) . A moderate increase in mean

arterial pressure {(MAP =~ DBP + 1/3 [SBP-DBP]) occurred

during exercise since cardiac output and systemic

vascular resistance both increase (Bezucha et al.,
1982) . The amount of increase in mean arterial
pressure is determined by the power output and
exercise induced vasodilation of the arteries to the
working muscles (Astrand, 1960). Vasodilation |{is

dependent upon the muscle mass employed 1in the
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exercise. Higher pressures are produced by equal
increases in <cardiac output it a4 smaller muscle mass
is emploved (Astrand, 1960).

During exercise increased blood tlow to the
exercising muscles is achieved by both an incredase in
cardiac output and a redistribution ot blood flow
(Olsson, 1981) . At low levels of exertion little
redistribution of blood occurs; at moderate and high
levels of dynamic exercise the blood flow is increased
to the working muscles by vasoconstriction in the
visceral bed and non-exercising muscles (Clausen,
1976) .

The 1. erature revealed no papers discussing
blood ©pressure, mean arterial pressure or systemic

vascular resi.tance and cycling velocities.

vii) Blood Lactate and Cycling Velocities

Al rest, blood lactate levels are about 1 mM.

During exercise an 1increase in lactate concentra-ion

in the working muscles indicates that the formulation

of ..ctate exceeds its removal. Blood lactate
concentrations have been used to indicate that
diffusion into the blood exceeds removal or
utilization. Blood lactate levels ot 4 oM have becen

referred to as the lactate threshold or the onset of



blood lactate accumulation (Karlsson and Jacobs,
1982) . This increased lactate level in muscle and
blood is indicative of anaerobic metabolism
necessitated to supplement the aerobic production of

ATP to meet the added demands of exercise (Astrand and
Rodahl | 17e=-6) Trained individuals can exerc®se at
higher oxygen uptake levels than untrained individuals
without an increase¢ in blood lactate accumulation. 1In
untrained subjects, blood lactate accumulation begins
to increase at approximately 50 to 60% of VO,max,
whereas in conditioned individuals blood 1lactate
begins  to  accumulate at 80-85% of VO,max (Hurley et
al., 1984) .

Seven trained road <cyclists pedalled at a
preferred speed and 1-2 gears above and below the
preferred speed at power output equated to 80% of
VOzmax (Hagberg et al., 1981). The 1lowest blood
lactate levels were recorded at the preferred cycling
velocity while slower speeds resulted in slightly
elevated levels and higher speeds produced extremely
elevated blood lactate levels. They concluded that
from a blood lactate standpoint, road-cyclists were
more etficient (mean cycle velocity of 91, range
712-102 vpm).

The lactate levels in trained male cyclists and

untrained males were evaluated at 40, 60, 70, 80 and
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100 rpm at power outputs of 50, 100 and 200 W (Boninyp
et al., 1984) . They tound no significant difference
in lactate levels for trained subjects at auny power
output (lactate consistent around 1.0 mM at 50 and 100
W and below 2 mM at 200 W). In untrained subjects no
significant difference existed between 50 and 100 W
and cycling velocities which resulted 1{in lactate
levels of just over 1 mM and just under 2 mM
respectively. However, in untrained subjects at 200
W, higher cycling velocities (70, 80 and 100 rpm)
produced higher lactate levels (greater than 6 mM).
The lowest results were obtained at 60 vrpm (4.5 mM)
and 40 rpm (5 mM).

Buchanan and Weltman (1985) found no significant
difference in blood 1lactate levels in 9 male road
cyclists between <cycling rates of 60, 90 and 120 rpm
and power output between O and 120 W. At 150 W, 120
rpm produced higher lactate levels than 60 rpm
(p<0.05) . Blood .. tate concentration were
significantly higher at higher power outputs (240 W
and 300 W) for 120 rpm than 60 and 90 rpm. No
significant difference was found between 40 and 90 rpm
at any power output.

Blood lactates were investipated in )
trained cyclists at 85% of VO,max using cycling

velocities of 40, 60, 80, 100, and 120 rpm (Coast et

L)



al., 1986) atrter 10 and 20 minutes of cycling. A
sipniticant difference was observed (p<0.05) between
cycling velocity and blood lactate. After 10 minutes
ot cycling blood lactate concentrations at 120 rpm
were  higher than any other cycling velocity (p<0.05).
Although no significant difference other than those
already mentioned were evident, trends were apparent.
At 100 minutes 80 rpm produced the lowest values (4.5
mM), 40 and 60 rpm next lowest (5.6 mM), 100 rpm
slightly higher (6 M) and 120 rpm excessively high
values (/7.5 mM). After 20 minutes of exercise the
trend was quite different with lactate levels of 6.0
mM  at 80 rpm, 6.5 mM at 120 rpm, 7.0 mM at 100 rpm,
7.5 mM at 60 rpm and 7.8 mM at 40 rpm.

Trained and untrain . subjects cycling at 60 rpm
did not differ significantly during VO,max tests in
blood lactate concentrations, although the values were
higher at each power output for untrained subjects
(Simon et al., 1986). Recovery profiles were similar,
but  bloud lactate levels dropped more quickly in
trained than untrained subjects (no significant

difterence) .

viii) Perceived Exertion and Cycling Velocity

The degree of difficulty perceived by the
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subject during ph- coplcal exertion has been
speculated to correlate with various physiolopgical
parameters. McKesy and Banfster (1976) found that
athletes preferred cycling rates of 60 and 80 rpm over
100 or 120 rpm, and ti1eadmill running at slowes cpeeds
over faster one during VO,max tests

In 1962, Borg, as part of his thesis develope! a
rating scale of raze of perceived exertion (RPE), also
referred to as The Borg Scale, which allows the

subject to 'ssociate a numerical score to levels ot

difficuilry was published as follows (Borg, 1970):

6
7 Very, very light
8

9 Very light

10

11 Fairly light
12

13 Somewhat harda
14

15 Hard

16

17 Very hard

18

19 Very, very hard
20

This scale has been found to correlate better with
heart rate than any other physinlogical mearure. Many
investigators have wused the Borg Scale .n ecvycling
velocity studies.

The influence of training on the rate of

perceived exertion investigated (Ekblom and GColdbarg,



1971) on 19 healthy males, showed that when blocking
agents were used rate of perceived exertion correlated
better with blood lactate than with heart rate. After
training the rate of perceived exertion and heart rate
decreased in a similar manner over pre-training
results at equal workloads. But the rate of perceived
exertion was the same at the same percentage of

maximum oxygen uptake.

Gamberale (1972) compared 12 =sub:. - a cycle
ergometer, wheelbarrow work and L.tting weipht and
found that the rate of perceivec ¢ ~r- nd heart

rate were fairly lirear for all types of .-~:}
The rate of perceived exer: - eart rate,
blood lactate and leg pains were "own  to highly

correlate (p<0.05) on cycle ergometrv .ork 1n 28

healthy males by Borg et al. (1985). Thev stress that
these results not be interpreted as causal
relationships, but rather a conmplex physiological
interaction of «central and peripheral factors. Still

a powerful prediction factor was observed b<:tween
heart rate and blood lactate on the cycle ergometer.
Significant correlations (p<0.05) during,
intermittent and continnus WO rK (indicated
respectively) between the rate of perce.ved exertion
and  power output (0.94, 0.96), oxygen uptake (0.91,

0.97y, heart rate (0. 85, 0.87) and blood lactate

138



(0.63, 0.77) resulte. during cycle erpometry work at
60 rpm for 3 male subjects (Edwards et al., 1972).
Work rate averaged from 80 W to 325 W.

Pandolf and Noble (1973) investigated the rate
of perceived exertion for cycling velocities of 40, 60
and 80 rpm at power output of 90 W, 125 W and 195 W.
They observed that at low, medium and high power
outputs, 40 rpm was perceived most difficult
(significantly different at p<0.05) and although no
significant difference existed between 60 and 80, 60
was perceived the easiest at low power output and 80
the easiest at high power output. They found that
heart rate and the rate of perceived exertion were not
closely associated for different cycling velocities;
in face, the 1lowest heart rates (40 rpm) were
associated with the highest rate of perceived exertion
values (40 rpm).

Six active, healthy male subjects pedalled at
40 , 60, 80 and 100 rpm at power outputs equal to O, /0
and 100% of VO,max to determine the rate of
perceived exertion in conjunction with other
physiological measures (Lollgen et al., 1980). The
rate of perceived exertion was not correlated with
heart rate or oxygen uptake. At 0O load, 80 rpm was
perceived the easiest and 100 rprn was significantly

different from 80 «rpm. At VO,max, 80 rpm (pc0.09)
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was perceived the easiest while 60 and 80 were lower
than 100 rpm (3 20.05). At high power outputs (70%
VO,max) 60 rpm was perceivec the easiest and 40 the
most difficult (significant at p<0.05). Also 80 rpm
was perceived more difficult than 60 rpm but less
difficult than 100 rpm (not significantly different).

Seven male <cyclists with racing «cycles on a
treadmill pedalled at preferred ra s and 1-7 gears
above and below this level at approximately 80G% of
VOZmax (Hagberg et al ., 1981). The preferred rate
was 91 rpu (range of 72-102 rpm) and slower rates
ranged 34 rpm slower and higher rates ranged 45 rpm
above preferred rates. The rate of perceived exertion
and heart rate were lowest at preferred rates, but
only slightly lower than slower rates. Higher rates
of cycling elicited much higher results.

Coast et al. (1986) had 5 male racers cycle at
85% of V02max at cycling velocities of 40, 60, 80,
100 and 120 rpm and dertermined the rate of perceived
exertion after 10 and 20 minutes of cycling on a
Monark ergometer. They found 80 rpm at 10 and 20
minutes least stressful (p<0.05) and 40 and 120 rpm
the most difficul: at both time intervals . After 10
rinutes the order of cycling velocities were perceived
from easiest to most difficult as 80, 100, 60, 40 and

120 rpm. The only difference after 20 minutes
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compared to after 10 minutes was p0 and 40 rpm were
perceived more difficuilt than 100 or 120 rpm. The
authors felt that the lack of agreement between
efficiency and the rate of perceived exertion might be
explained by ©peripheral input. Nor did they tind a
significant difterence between catecholamine levels
and pedalling rates.

A significant difference was tound bhetween
cyce . 1, rates of 30 and 60 rpm and the rate of
perceived exertion at low power outputs (45 - 114% W)
and high PO (230 W) (Henriksson et al., 1972). A

cycling rate of 30 rpm at both low and high power

outputs was perceived more difficult.

d. Summary

Extensive contradictory findings have been
reported in the literature concerning, the
physiological and perceived exertion responses to
cycling velocities in both trained and untrained

healthy young males.

Despite the lack of total clear cut evidence,
the majority of authors tend to agree on certain
findings. At low power outputs (=100 W or less, 7451

V02max), cycling rates of 40 to 60 rpm (some suthors



include /10 to %, -rm) produce the lowest physiological
responses while cycling rates of 100 rpm and over
yleld excessively high physiological responses. At
high power outputs (over 180 W, bove 65% of V02mam),
the lowest physiological responses to cycling rates

were obtained at 60 to 85 rpm (some authors include

the range 50 to 60 rpm); and the extremeiy high
vhysiological responses were obtained at cycling rates
of greater than 100 rpm. For low power outputs (~100

to 180 W, between 45 and 65% of VOzmax) the findings

are as varied as are the number of studies ccaducted.
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