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ABSTRACT

This study compared the cardiovascular fitness of two groups of 

highly trained endurance athletes, distance runners (n = 9), and

cyclists (n = 9), when assessed on both the treadmill and bicycle
i

ergometer, Both groups received two maximum aerobic tests on each . 

apparatus as. well as leg strength, leg volume, and body composition 

measurements. The runners elicited the highest VO^ max values (69.2 ml/ 

kg*min) when running on the treadmill, but their bicycle ergometer 

values were markedly less (-13.6%%. Conversely, the cyclists were 

able to exceed their treadmill VO^ max by 3.0% during maximal bicycle 

work. Both groups were able to reach significantly higher maximal 

heart rates during running as compared to cycling, aiid this tendency was 

especially pronounced among the runners. Differences in leg strength 

and leg volume were unable to account for the differences in VO^ max 

between the two groups. The runners had significantly less body fat 

than did the cyclists (6.0% and 12.4%, respectively), which is to their 

advantage in a weight-bearing activity such as running. The results of 

this investigation support the concept of specific cardiovascular 

adaptation to different types of muscular activity.

x



CHAPTER 1

INTRODUCTION

The maximal amount of oxygen a person is able to consume 

relative to his body weight and apply toward sustained work is referred 

to as the maximal oxygen uptake (VO^ max).and is generally considered 

the single best index of cardiovascular fitness. Physiologists have 

been intrigued with this fitness index for decades and have introduced 

many experimental conditions to better understand the physiological 

significance of VO^ max and the intricate physiological mechanisms in

volved, in its determination.

Highly trained endurance athletes, such as cross-country skiers, 

distance runners, ro.ad racing cyclists, and speed skaters have been 

shown to have the highest aerobic capacities when compared to athletes 

in other sports (41). Also, it is not unusual for a national or world- 

class endurance athlete to have a VO 2  max which is twice that of an 

untrained individual of comparable sex, age, and size. These highly 

trained endurance athletes may represent the upper limit of the human 

organism to adapt to chronic physical activity of an endurance nature, 

and thus the upper limit of cardiovascular fitness.

Although VO 2  max is by no means the only factor determining 

success in competition in endurance activities, a high VO^ max is un

deniably an essential prerequisite. Through years of training, these 

athletes have adapted their musculature specifically for optimal



performance in their activities. Therefore, in order to evaluate the 

maximum cardiovascular capability of a highly trained athlete, it 

becomes imperative that the muscular involvement of the testing mode 

be similar to that of the training mode.

The motor-driven treadmill and the bicycle ergometer are the 

two most common exercise modes used to evaluate VC^ max. Both of these 

modes involve relatively simple motor tasks, utilize large muscle 

groups, and the amount of work performed is easily controlled. The 

bicycle ergometer has the advantage of being more economical, more 

portable, and provides fewer problems in the assessment of the electro

cardiogram and blood pressure. Many studies, .however, show that uphill

treadmill running will elicit significantly greater VO max values thanz
will bicycle ergometry (1, 4, 7, 19, 21, 22, 24, 25, 27, 30-34, 36, 38, 

43, 47, 53-55). Research has shown that VO^ max values of trained 

runners are markedly higher when tested on the treadmill as compared to 

their values when obtained on the bicycle ergometer (41, 55). Con

versely, Str^mme, Ingjer, and Meen (47) found that elite cyclists were 

able to elicit equal or greater VO^ max values on the bicycle ergometer 

as compared to the treadmill.

The present investigation is designed to compare the VO^ max 

values of two groups of highly trained endurance athletes; i.e., 

distance runners and c y c l i s t s a s  assessed on both the treadmill and 

bicycle ergometer. If the concept of specific cardiovascular adaptation 

to endurance training is valid, it is proposed that the distance 

runners -will exhibit a significantly higher VO^ max on the treadmill as 

compared to the bicycle ergometer and the cyclists will exhibit an



equal or greater VO^ max on the bicycle ergometer as compared to the 

treadmill.

Maximal exertion on the bicycle ergometer is commonly terminated 

as a result of localized leg fatigue in the quadriceps muscles, while 

maximal treadmill exercise is typically terminated as a result of a more 

general total body fatigue. Thus, it "ha;sMh:een^suggested that inadequate 

leg strength may be a factor limiting performance during the final 

stages of a progressively loaded bicycle ergometer test (31, 32). Leg 

strength as it pertains to cycling will be measured and its relationship 

to VO^ max as determined on the bicycle ergometer for the two groups 

will be established.

VO^ max has also been reported to be highly related to leg 

volume, or more specifically to the muscle, mass of the legs (16). It 

is obvious that the propulsion for bicycling and running is provided by 

concentric contractions of the leg muscles. There are, however, several 

important differences between the two activities. In running, the 

runner’s body must be lifted, propelled forward, and supported during 

each step. The push^qff, or the force-exerting phase in running, is 

composed of plantar flexion of the ankle joint, knee extension, and hip 

extension past the vertical. In uphill running, such as on the tread

mill , the foot makes contact with the ground with the knee joint 

flexed more than during level running. The knee will first be extended, 

and then flexed as it returns forward. In cycling, the downward power 

stroke consists primarily of hip and knee extension'.with plantar flexion 

of the foot playing only a minor role. For the present study, seg

mental leg volumes will be determined anthropometrically to determine



if these differences in muscular performance patterns result in specific 

muscular hypertrophy, and if leg volume is related to VO^ max on either 

mode..

Finally, it would appear logical that excess adipose tissue has 

little place in athletic performance, especially endurance activities. 

When considering the amount of energy expended during a daily workout, 

it would appear that a cyclist or a runner would have little opportunity 

to accumulate body fat. Body composition of the two groups will be 

determined hydrostatically and this will be related to VO^ max as deter

mined on the treadmill and the bicycle ergometer. Comparisons will be 

made between athletes involved in a full weight-bearing activity 

(running) and athletes involved in a weight-supported activity (cycling).
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CHAPTER 2 

REVIEW OF THE LITERATURE

This review chapter will concern itself with the physiological • 

and anthropometric variables measured in this study and their re

spective influence on maximal aerobic performance on the bicycle 

ergometer and the treadmill. The first section will review the 

physiological mechanisms that have been discussed as possible limiting 

factors in maximal aerobic performance. The second section will review 

previous comparisons of maximal oxygen uptake (VO^ max) measured during 

treadmill and bicycle ergometer work. The third section will review 

literature pertaining to maximal leg strength and leg volume as they 

relate to VO^ max. The final section reviews the research pertaining 

to the relationship between body composition and VO^ max.

Factors Limiting VO^ max

Despite the voluminous amount of detailed research that has

involved the measurement of VO max, considerable debate persists.as toz
the factors that ultimately limit aerobic performance. These factors 

can be peripheral, involving vascular conductance or muscular metabolism, 

or central, involving the cardiac output or blood volume.

Xstrand (1) concluded that the pumping capacity of the heart 

was not a limiting factor in running or cycling, but that the vascular 

bed in -the working muscles or the venous return to the heart determines 

the aerobic limit. It is further explained that this would be

5



especially true during cycling .and running as compared to cross

country skiing wherec.there is more muscle mass available for work. It 

was also stressed that no one factor can be said to dominate as a 

limiting factor, Faulkner et al, (19) found results compatible with 

Astrand?s hypothesis when they noted that cardiac output reached 

maximal levels before maximal workloads or VO^ max was attained during 

treadmill and bicycle ergometer work. Furthermore, at maximum work

loads, VO^ max was maintained by an increase in the arterial-venous 

oxygen difference while cardiac output decreased. The decreased cardiac 

output was a direct result of a decreasing stroke volume as heart rates 

exceeded 165 beats per minute. Ouellett, Poh, and Becklake (35) 

similarly reported thate.three of four subjects reached maximal cardiac 

output before VO^ max was attained. These subjects, however, differed 

as to whether heart rate or stroke volume appeared to be the limiting

factor prohibiting further increases in cardiac output.
\ e

Astrand and Saltin (4) found no significant changes in VO^ max

when arm exercise was added to leg exercise on ergometers. Apparently 

refuting an earlier position (1), Astrand and Saltin (4) now hypothe

sized that the ceiling of oxygen uptake seems independent of the mass 

of muscle employed in the exercise as soon as it exceeds a certain mass 

and that the capacity of the heart is the actual limitation. Con- 

vers.ely, Taylor, Buskirk, and Henschel (49) cited a 0.2 L/min 

increase in VO^ max for a single subject when arm ergometry was added 

to running on the treadmill. It was hypothesized that ^0^ max is 

reached when the muscles become unable to accept a supplementary blood 

flow. Gleser, Horstman, and Mello (20) similarly added arm ergometry



to maximal leg ergometry and found a 10% higher VO^ max as compared to 

maximal leg work only. Therefore, it was stated that the ceiling of 

oxygen uptake is dependent on the mass of exercising muscle> Further

more, it was surmised that considerably more blood was pumped by the 

heart during maximal arm and leg work as compared to maximal leg work 

although no cardiac output measurements were obtained.

On the conflicting results of Astrand and Saltin (4) and Taylor 

et al. (49), Secher et al. (42) comment that if an arm plus leg exercise 

will elicit higher V0^ m a x :values than exercise with the legs alone, 

this difference will be more pronounced in subjects trained for arm 

exercise. Secher et al.'s results supported this hypothesis, and it was 

indicated that cardiac output was not maximal during maximal exercise 

with the legs alone, and therefore VO^ max was limited by local factors 

in the exercising muscles.

Bergh, Kanstrup, and Ekhlom (7) measured the VO^ max of 10 

well*-'trained males during various combinations of arm and leg work. \ 

There was no difference in running VO^ max values and arm plus leg 

VO max values when arm work consisted of 20% or 30% of the total work-
<5

load. Legs only bicycle ergometer VO^ max values were 7.7% lower than 

treadmill running values. These results indicate that VO^ max is de

pendent on the exercising muscle mass, but that this muscle mass does 

not set the limit for maximal aerobic power. Because VO^ max during 

maximal exercise does not increase in proportion to the increase of" the 

exercising muscle mass, it is felt that the volume of oxygen leaving the 

heart is the most important factor in setting the upper limit of VO^ 

max in exercise with large muscle groups, such as uphill running, and



arm plus leg ergometry. But, in exercise involving smaller muscle 

groups, such as arm work or legs only ergometry, peripheral factors such 

as enzyme activity and local muscle Blood flow may be of greater 

importanceo One trained canoeist, whose data were analyzed separately, 

was able to exceed his running VO^ max when performing 40% arm work 

during arm plus leg ergometry;*.

Quadriceps muscle blood flow was. studied by Pirnay et al. (37) 

during maximal bicycle ergometer work. The major finding of this in

vestigation was that quadriceps blood flow during two-legged maximum
\

ergometry is exceeded if the arterial circulation is occluded in the

opposite leg. They therefore concluded that the muscular circulation is

not a limiting factor in VO^ max.

Davies and Sargeant (17) suggest that the limiting factor to

maximal exercise involving larger muscle groups is the ability of the

cardiovascular system to transport the required volume of blood and not

the capacity of the muscles to utilize oxygen. This position was based

on the finding that one-legged VO max was increased 14% as a result ofZ
one-legged ergometer training, but two-legged VO max increased onlyZ
4.7% as a result of the same training.

Comparison Between VOp max Measured on 
the Treadmill and Bicycle Ergometer

Much has been written comparing the two most common exercise 

modes used for maximal stress testing: the motor-driven treadmill and

the bicycle ergometer. Although walking or running on the treadmill may 

initially seem precarious, once familiarized, the subject will be per

forming an activity that he is somewhat familiar with. The bicycle



ergometer also involves a relatively simple motor skill and has the 

advantage of being more portable, and simplifies the assessment of the 

electrocardiogram and blood pressure. Maximal exertion on the bicycle 

ergometer commonly will produce a great deal of local fatigue in the 

quadriceps area, while maximal treadmill exercise will frequently pro

duce a feeling of general fatigue. Perhaps the strongest reason why the 

treadmill is generally preferred over the bicycle ergometer is that 

past research has shown that VO^ max on the bicycle ergometer is usually 

5 to 15% less than the corresponding VO^ max for inclined treadmill 

running (refer to Table 1).

Astrand (1) found no differences between the treadmill and 

bicycle ergometer VO^ max values of 67 male and female subjects. The 

grade on the treadmill, however, was only 1.75%, which is considerably 

less than optimal for achieving the highest VO^ max values (21, 49).

In a later investigation. Astrand and Saltin (4) reported a 4.9% lower 

VO^ max for bicycle ergometer work as compared to treadmill work. In 

this study, the treadmill inclination was determined by the condition 

of the subject and in all cases was steeper than in the earlier investi

gation. It should be noted that European populations rely on the 

bicycle as a means of transportation much more than Americans. Also, 

the mean VO^ max values of Astrand and Saltin’s subjects (4.69 L/min 

for the treadmill and 4.47 L/min for the ergometer) reveal a high level . 

of cardiovascular fitness. Newton (34) reported similar 5.5% lower 

VO 2  max Values on the bicycle ergometer as compared to the treadmill for 

seven untrained subjects ranging from 19 to 70 years of age. Wyndham 

et alf (54) found that VO^ max was 8.5% lower on the bicycle ergometer



Table 1. Mean Values for VOg max During Maximal Bicycle Exercise as Compared with the
Corresponding Values During Maximal Treadmill Running

Treadmill Bicycle

Age (A) (B) % Decrement

Author Subjects No. Years L/min or ml/kg-min ^ x 100 Comments

Astrand (1)

Astrand and 
Saltin (4)

Bergh et al. (7)

Normal Male . 

Normal Female

Normal Male

Well-Trained
Males

33 young

34 young

5 22-37

10 21-29

Canoeist

Diaz et al. (18) Normal Males

Faulkner et al. 
(19)

Normal Females 

Untrained Males

Hermansen, Ekblom, Male Students 
and Saltin (21)

7 29

5 29

8 21-44

13 19-34

2.89

4.04

4.69

4.44

2.76

4.03

4.47

4.12

4.30 4.20

3.78 3.68

2.41 2.21

4.57 4.31

2.1

0.2

4.9

7.7

2.4

4.5

9.0

3.82 3.43 11.0

6.0

Horizontal
running

Horizontal
running

Discontinuous
run

4.5 L/min with 
40% arm work 
plus maximum 
leg work

Walking test, 
slow speeds 
high incline

Fiv.e well- 
trained subjects



Table 1.--Continued Mean Values for VO 2 max During Maximal Bicycle Exercise as Compared with the
Corresponding Values During Maximal Treadmill Running

Author Subjects No.

Age

Years

Treadmill Bicycle 

(A) (B) 

L/min or ml/kg'min

% Decrement 

A~B x 100 Comments

Hermansen and 
Saltin (22)

Male Endurance 
Athletes

8 21-27 5.04 4.63 0000 National caliber 
runners (6) and 
cyclists (2)

Trained Male 
Students 

Untrained Male. 
Students

5

6

22

25

4.29

3.54

3.95

3.17

8.6

11.7

'Male Laboratory 
Staff

5 22-40 4,65 4.34 . 7.1

Orienteering,
Male

10 Young 4.75 4,55 4.4 National caliber

Orienteering,
Male

14 45-68 3.68 3.44 7.0 Two months run 
training

Sedentary Male 7 37-50 3,38 3.36 0.6 Two months run 
training

Holmer (24) Swim Trained . 5 16-22 4.53 4.18 8.4 Four males, one 
female

Non-trained 4 19-47 3.76 3,38 11.2 Two males, two 
females

Kamon' and 
Pandolf (25)

Males 11 23 4.08 3,62 10,0 Discontinuous
tests,

Females 12 20 2.57 2.40 . 7.0 wide fitness 
range

HH



Table 1.— Continued Mean Values for VO 2  max During Maximal Bicycle Exercise as Compared with the
Corresponding Values During Maximal Treadmill Running

Author Subjects No.

Age

Years

Treadmill Bicycle 

(A) (B) 

L/min or ml/kg'min

% Decrement

x ioo Comments

Katch, McArdle, 
and Pechar (.27)

Male Students 50 19-23 3,93 3,44 • 14,2

McArdle, Katch, 
and Pechar (30)

Male Students 

Male Students

15

15

18-25

18-25

4.10

4,16

3.68

3.69

11,4

12,7

Continuous tests.
three runners 

Discontinuous 
tests, three 
runners

McArdle and Magel 
(31)

Untrained Males 23 18-25 3,27 2.95 10,8 Walking test

McKay and 
Banister (32)

Male Athletes 5 22-27 5,00 4.63 8,0 Varied pedal 
rates and tread
mill speeds

Miyamura and 
Honda (33)

Male Students 17 18-23 3.95 3,37 10,3 Non-endurance
athletes

Newton (34) Normal Male 7 19-70 46,1 43,7 5,5
i i

Pechar et al.
(36)

College Males 20 '18-21 pre 3,96 pre 3,51 
post 4,23 post3,75 
A% 6,8 A% 6,8

12.8
12,2

Trained eight 
weeks treadmill 
running

College Males 20 18-20 pre 4.02 pre 3,50 
post 4,13 post 3,77 
A% 2,7 A% 7,7 .

14.9
9.6

Trained eight 
weeks ergometer 
cycling



Table 1.— Continued Mean Values for VOg max During Maximal Bicycle Exercise as Compared with the
Corresponding Values During Maximal Treadmill Running

Author Subjects No,

Age

Years

Treadmill Bicycle 

(A) (B) 

L/min or ml/kg »min

% Decrement 

x 100 Comments

Pollock et al. Normal Males 9 38 pre 3.09 pre 2.90 6.6 Trained 20 weeks
(38) • post

A%
3.39
9.7

post 3.24 
A% 11.7

4.6 running

-
Normal Males 8 38 pre

post
A%

3.20 
3.41 
6.6

pre 3.02 
post 3.33 
A% 10.2

6.0
2:4

Trained 20 weeks 
bicycling

Shephard et al. 
(43)

Male 24 20-40 3.81 3.56 7.0 Varied fitness

Str^mme et al. 
(47)

Male Elite 
Cyclists

5 Young 5.22 5.53 -5.6 Uphill bicycling 
on treadmill,
3° treadmill rur

Wilmore et al. 
(53)

Normal Males .9 22-55 pre
post
A%

3.33
3.70

11.1

pre 3.12 
post 3.45 
A% 10.6

6.7
7.2

Trained 20 weeks 
running

Normal Males 9 22-55 pre
post
A%

3.24
3.68

13.6

pre 3.09 
post 3.56 
AZ 15.2

4.9
3.7

Trained 20 weeks 
bicycling

Wyndham et al. 
(54)

Yamaji and 
Miyashita (55)

Active Male 

Male Runners

40

28

Young

18-25

3.08

3.93

2.84

3.36

8.5

17.0

Discontinuous
run



« 'Table 1.— Continued Mean Values for VO 2 max During Maximal Bicycle Exercise as Compared with the
Corresponding Values During Maximal Treadmill Running

Author Subjects No.

Age

Tears

Treadmill Bicycle 

(A) (B)

1/min or ml/kg>mfn

% Decrement 

— • x 100B Comments

Present Study Male Cyclists. 9 27 4.54 4.67 -3.0
Male Runners 9 28 4.56' 4.00 13.6
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as compared to the treadmill for 40 young subjects. Although these 

subjects were described as active, their VO^ max values were quite low 

(3.08 L/min on the treadmill and 2.84 L/min on the bicycle ergometer). 

The authors suggested that a local muscle factor limited bicycle 

ergometer performance rather than a cardio-respiratory factor. Shephard 

et al. (43) reported VO^ max values which were 7% lower on the bicycle 

ergometeahjas compared to the treadmill,for 24 subjects of varied fitness 

level. It was also noted that maximal cardiac outputs were signifi

cant ly higher during treadmill work as compared to bicycle ergometer 

work. The authors concluded that maximal.performance on the bicycle 

ergometer is limited mainly by exhaustion of the quadriceps muscle 

rather than by general circulatory exhaustion. It was emphasized that 

none of the subjects in this study had any cycling experience and that 

the extent of training of the quadriceps muscles, and thus ergometer 

performance, may have varied with previous bicycle experience.

Hermansen and Saltin (22) reported that 47 of 55 male subjects

elicited greater VO^ max values on the treadmill as compared to the

bicycle ergometer. The relative difference between the treadmill VO^

max values and the corresponding values on the bicycle [(treadmill

max - ergometer VO^ max) >  ergometer VO^ max x 100] ranged from 18.7%
.

to -3.9% and averaged 7.2%. Seven subjects had higher VO^ max values 

on the bicycle ergometer as compared to their treadmill values, although 

no information concerning the activity patterns of these seven subjects 

was reported. Also, this sample of subjects included six national- 

caliber distance runners and two national-caliber cyclists, but no 

comparisons or differentiations were presented. In this same
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investigation it was reported that pedalling frequencies of 60 rpm or 

70 rpm produced higher (0.1 L/min) max values than did frequencies

of 50 rpm or 80 rpm. It was theorized that the great tension developed 

with each contraction during a maximum cycling effort at low pedal 

rates will limit performance before there is a maximal demand on the 

oxygen transport system. Conversely, the great freqrEen'cy^of contraction 

during a maximal cycling effort at high pedal rates will limit per

formance before there is a maximal demand on the oxygen transport 

system. McKay and Banister (32), using five athletes, compared the 

VO^ max values elicited by various pedalling frequencies on the bicycle 

ergometer and by running ohuthe treadmill at different speeds. It was 

found that a pedal rate of 80 rpm elicited significantly greater VO^ max 

values than did pedal rates of #0 rpm or 120 rpm and slightly higher, 

but not significantly higher, values than did a pedal rate of 100 rpm.

No significant differences were found among the VO^ max values on the 

treadmill for speeds of 6.0, 6.5, 7.0, and 7.5 mph. Mean VO^ max values 

on the bicycle ergometer were 7.5% less than the corresponding values 

on the treadmill and the relative differences between the treadmill and 

bicycle VO^ max values ranged from 16.4% to 3.8%.less on the bicycle 

ergometer. The authors state that leg strength, primarily of the 

quadriceps muscle group, may become the limiting factor in bicycle 

ergometer performance xatherrthan the cardiovascular system at pedal 

rates of 60 rpm or lower.

In a later study, Hermansen et al. (21) reported a 7% decrement 

in bicycle ergometer VO^ max as compared to the corresponding treadmill 

values for 13 subjects varying in fitness level (55 ml/kgemin to 75
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ml/kg-min), and bicycling experience. Maximal cardiac output was 6% 

higher during the maximal treadmill test, and this was attributed to a 

greater stroke volume. Upon reviewing the work of Hoes et al. (23), the 

authors suggest that during maximal cycling, extremely high intramural 

pressures may occur which may restrict the blood flow to the leg, thus 

explaining the lower cardiac outputs during maximal bicycle ergometer 

work as compared, to the treadmill. Faulkner et al. (19) found bicycle 

ergometer VO^ max values that were 11% lower than the corresponding 

values in the treadmill. This was also directly attributed to a lower 

maximal cardiac output resulting from a lower stroke volume during 

maximal bicycle ergometer whrk as compared to the treadmill. / It was 

hypothesized that running is more of a ballistic movement with a very 

short contraction phase as compared to a prolonged contraction in the 

contraction-relaxation cycle in bicycle work (19). It is possible that 

this factor contributes to greater impairment of skeletal muscle blood 

flow, specifically venous return, in cycling than running.

In a comparison of laddermill climbing, uphill running, and
e

bicycle ergometry, Kamon and Pandolf (25) reported a 10% lower max 

on the bicycle ergometer as compared to the treadmill in 11 untrained 

male subjects and 7% lower values for 12 untrained females. Based on 

the finding that heart rates were significantly lower during maximal 

effort cycling as compared to maximal efforts in running and laddermill 

climbing, it is concluded that local muscle fatigue sets the limit for 

oxygen uptake in cycling before the cardiorespiratory system is 

maximally stressed.
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Reduced cardiac output during maximal effort cycling as compared 

to maximal treadmill work resulted in a 10.3% smaller maximal oxygen 

consumption during cycling in the 17 male, nonendurance athletes studied 

by Miyamura ahd Honda (33). greater arterio-venous oxygen differences 

were found during the maximal treadmill runs as compared to maximal 

cycling, and it was felt that this was due to a greater amount of 

activertmuscle mass being employed during inclined treadmill running.

. McArdle and Magel (31) found that VO^ max was 10.8% less on the 

bicycle ergometer as compared to walking on the treadmill for 23 un-
otrained male students. It was noted that two subjects had higher VO^ 

max values on the bicycle ergometer as opposed to the treadmill and 

that both of these subjects were active recreational cyclists. This 

suggests that performance on the bicycle may reflect specific muscular 

development which would favor those individuals who had trained using 

this form of exercise (31). A later investigation by McArdle et al.

(30) comparing continuous and discontinuous maximal aerobic tests: 

indicated that bicycle ergometer values ranged from 10.2% to 11.2% lower 

when compared to treadmill values. In this latter study, similar values 

of maximal heart rate, respiratory quotient, and pulmonary ventilation 

were reported for both forms of work. Therefore, it was suggested that 

the differences between bicycle ergometer and treadmill VO^ max values 

might be explained by leg force capacity, muscle blood flow, metabolic 

capacity of the specific muscle groups, and the amount of muscle mass 

engaged in both forms of work (30).

Seemingly in reply to these suggestions, Katch et al. (27) 

measured the maximal leg force as it pertains to ergometer cycling as
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well as the leg composition of 50 college men. Treadmill VO^ max and 

the corresponding values on the bicycle ergometer (which were 14.2% 

less) were also measured. It was concluded that maximal leg force in 

the cycling position does not account for the differences between 

treadmill and bicycle ergometer VO^ max values.

Diaz et al, (18) recently reported slightly higher (4.5%) tread

mill VO£ max values as compared to the corresponding bicycle ergometer 

values in seven males and five females. The treadmill test used in this 

study was the Balke treadmill test (5) in which the subject walked at 3.5 

miles per hour while the grade was increased 1% every minute ,until ex

haustion. It seems this protocol prescribed very steep inclines for the 

average male subject,in the study (50 ml/kg-min) which may not have 

elicited optimal VO 2  max values (30, 46). In an investigation by

Taguchi, Raven, and Horvath (48), eight male students elicited higher
'VO max values during a Balke treadmill test than they did on the z -

bicycler ergometer at either 50 rpm (4.6% lower) or 60 rpm (8.3% lower).

It should be noted that the average VO max (41.1 ml/kg•min) was rela-2
tively- low for a group of male students and that the mean VO 2  max im

proved from the first to the last test. No mention is made of whether 

or not the order of the tests was randomly assigned. If the tests were 

administered in the order reported, then it is quite possible the 

subjects experienced a learning effect.

“ Another approach for assessing the specificity of maximal 

aerobic performance on the bicycle ergometer and the treadmill is to 

study the results of regular training on these two devices. Roberts and 

Alspaugh (40) reported that 16 males trained ontthe treadmill (six
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weeks, three days /week) had significantly improved physical work 

capacity on the treadmill as well as on the bicycle ergometer, but that 

a matched group (N = 17) trained similarly.on the bicycle ergometer 

improved significantly only on bicycle ergometer working capacity. It 

was concluded that the training effect of cycling is highly specific 

with a possible increased vascularization of the leg muscles as well as 

a possible increase in leg strength. This enhanced aerobic capacity 

specific to the muscles utilized in cycling might not exert a propor

tional effect upon the more generalized muscular response required in 

treadmill running (40). The results of Pechar et al. (36) support this. 

In their study, two groups trained for eight weeks, three times per 

week, on either the treadmill or bicycle ergometer. Initially, the

bicycle ergometer VO max values were 12.1% lower than the corresponding2
treadmill values. As a result of the treadmill training, treadmill and 

bicycle ergometer. VO^ max values increased 6 .8 % and 6.9%, respectively.

As a result of the bicycle ergometer training, bicycle ergometer VO^ max 

values increased 7.8%, but treadmill values improved only 2.6%. The 

mean difference between treadmill and bicycle ergometer VO max values 

was significantly less after ergometer training. This strongly suggests 

a specificity of the VÔ , max response to bicycle training. It is 

hypothesized that general cardiovascular overload and training of 

specific muscle groups may enhance work performance by facilitating both 

oxygen transport and utilization at the local muscle level. Further

more, training has the effect of improving cardiovascular adaptation to 

a greater extent in a test that makes optimal use of the specifically 

trained muscles.
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Conversely, Pollock et. al. (38) found that a group of nine males 

who trained by running for 20 weeks (30 min/day, 3 days/week) and a 

matched group (N = 8 ) who trained similarly on a bicycle ergometer sig

nificantly improved both their treadmill and bicycle ergometer VO^ max 

values. It was concluded that training effects were independent of mode 

of training when frequency, duration, and intensity of training were 

held constant. It was noted, however, that although"the bicycle trained 

group exhibited a significantly lower bicycle ergometer VO^ max than did 

the running and control groups, they were the only group that could 

perform equally as well on the bicycle ergometer and the treadmill fol

lowing the 20 weeks of training. Similarly, Wilmore et al. (53) 

reported similar improvements in bicycle, ergometer and treadmill VO^ max 

values for two groups following 2 0  weeks of running or bicycle training 

(30 min/day, 3 days/week). It was suggested that training programs 

lasting six to eight weeks may be too brief to reveal the changes 

associated with bicycle training.

Unfortunately, there is substantially less research involving 

trained athletes performing on both the bicycle ergometer and the tread

mill. Holmer (24 ) reported that bicycle ergometer VO^ max values for 

five highly trained swimmers were 8.4% lower than their treadmill 

values. This decrement is within the range to be expected for normal 

subjects (see Table 1).

Yamaji and Miyashita (55) studied 28 well-trained middle and 

long distance runners and found that bicycle ergometer VO^ max values 

were 17*.0% less than the corresponding treadmill values. This is the 

highest decrement reported in the literature, but it agrees well with
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the comments of Saltin and Astrand (41), who suggest that this differ

ence can be as great as 15% in well-trained runners (based on unpub

lished observations). Yamaj i and Miyashita (55) attribute t:he dif

ferences to a higher pulmonary diffusing capacity, ventilation, heart 

rate, and possibly a higher arterial-venous oxygen difference during 

maximal treadmill exercise as compared to maximal ergometer work.

Str^mme et al. (47) found that five well-trained cyclists were 

able to elicit VO^ max values which were 5.6% higher on the bicycle 

ergometer than on the treadmill. The treadmill runs, however, were 

conducted at an inclination of only 3°, which might not have elicited 

optimal VO^ max values (3). It was felt that these results point to the 

specificity of muscle fiber recruitment and metabolic processes.

Maximal Leg Strength_and Leg Volume 
Related to VO  ̂ Max

It has been suggested that the maximal force that a leg can 

exert may be related to the subject’s VO^ max for both the treadmill and 

the bicycle ergometer (30). A common complaint concerning maximal 

bicycle ergometer exercise is that the higher -resistances require too 

much strength from the quadriceps muscles. It. has been demonstrated 

that strength is highly specific in nature and will vary within a 

specified muscle group with the angle and speed of contraction (29, 45). 

Applying this to the present investigation, it is obvious that a measure 

of maximal leg strength must be designed that™duplicates the leg move

ments involved in ergometer work.

- Katch et al. (27) coupled a bicycle ergometer with a Cybex II 

isokinetic recording dynamometer so as to exactly duplicate the cycling
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movements during a maximum bicycle ergometer work capacity test. It was 

found that maximal leg force significantly correlated with absolute 

VO^ max on the treadmill (0.46) and the bicycle ergometer (0.40) as 

well as.with body weight (0.59), leg weight (0.45), leg volume (0.47), 

and lean body weight (0.62). However, partial correlations revealed no 

significant relationships between maximal leg force and VO^ max on the 

treadmill and the bicycle ergometer when body weight was held constant.

In a later study, using the ;same apparatus, Katch and Danielson 

(26)’,investigated the relationship between maximal leg force, leg 

volume, body composition, and the total work performed during a constant . 

high work load test of 1 2  minutes duration (endurance) for college 

women. Low but significant correlations were found between maximal leg 

force and endurance, leg volume, and body composition. There were no 

significant correlations found between endurance and leg volume, 

endurance , and .'body weight, and endurance and leg density.

Davies (16) found that the bicycle ergometer VO^ max of 116 

boys and girls was related to body weight and lean body mass, but that 

the variance about the regression line was large and a sex difference 

was apparent. When VO^ max was related to limb volume (thigh plus calf 

volumes, corrected for fat), the inter-subject variation was reduced 

and the sex difference disappeared. Leg volume accounted for more than 

80% of the total variance of VO^ max in this group of children. It is 

suggested that the VO^ max in children is related to the amount of 

muscle which can be brought into use and that the smaller VO^ max of 

the girls was due mainly to their^smaller leg muscle mass.
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Body Composition Related to VOy max 

. Logically 9 it would appear that excess adipose tissue has little 

place in athletic performance, especially endurance activities. Excess 

body fat will negatively influence most types of physical performance, 

both mechanically and metabolically. Mechanically, excess body fat is 

detrimental to performance in which acceleration of the body weight 

either horizontally or.vertically is important, because it adds non- 

force producing mass to the. body (8 ). Metabolically, excess fat in-
icreases the metabolic cost of performing work in activities involving 

movement of the total body mass (9). Considering the large amount of 

energy a runner or cyclist expends during a daily workout, it would 

appear that they have little opportunity fo accumulate fat. This is 

supported by the skinfold data of Costill, Bowers, and Rammer (12) who 

found that 114 marathon runners averaged only 7.5% body fat.

Welch et al. (50) reported that the percentage of body fat had

no significant influence on treadmill VO^ max when expressed either in

liters per minute or cubic centimeters per kilogram of fat-free body

weight per minute. However, when expressed in cubic centimeters per

kilogram of total body weight per minute, significant differences were

found, suggesting that fat has a significant effect on the relative

circulatory capacity of the individual. Buskirk and Taylor (9) found

that absolute VO^ max on the treadmill had significant correlation with

lean body weight (0.85), active tissue (0.91), and body weight (0.63).

It was concluded that VO^ max per kilogram of body weight per minute
.

best expresses the capacity to perform exhausting work. Also, VO^ max 

per kilogram of lean body weight per minute best expresses the
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performance of- the cardiorespiratory system. It was also stated that 

obesity has no effect on the maximal performance of the cardiorespira

tory system in young men.

Similarly, McArdle and Magel (31) reported that VÔ , max (L/min) 

values are generally higher in heavier individuals, whereas VO^ max 

(ml/kgemin) is negatively related to body weight. Also, there is 

positive relationship between work capacity on the bicycle ergometer 

and body weight, a relationship which is not demonstrated in treadmill 

work.



CHAPTER 3

EXPERIMENTAL DESIGN 

Subj ects

Nine highly trained distance runners were recruited from local 

races or through personal referrals for participation in this study. 

Although no minimum fitness standard was used, all runners were able to 

sustain a 6 -minute per mile pace or less, for at least 1 0  kilometers.

Nine highly trained road racing cyclists were also recruited 

from local cycling clubs and through personal referrals. Again, no 

minimum fitness standard was used for selection, but all cyclists had 

at some time completed a 25-mile time trial in less than 67 minutes.

The physical characteristics of both subject groups are presented in 

Table 2.

All subjects in both groups were in training and competing at 

the time of testing. Every effort was made to accomodate the subject 

when scheduling the testing so as to result in a minimum conflict with 

training and competition. The nature and purpose of this study and the' 

risks involved were explained verbally and given on a written form to 

each subject prior to his voluntary consent to participate (Appendix A). 

In addition? a training and performance questionnaire was completed by 

each subject (Appendices B and C).

- 1. The protocol and procedures for this study had been 
approved by the Human Subjects Committee of The University of Arizona.

26
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Table 2. Anthropometric Comparison of Runners and Cyclists

Cyclists Runners

Variable X SD X . SD Difference

Age, year 26.8 4.0 . 28.1 . 5.6 1.3 .
Body weight, kg 71.62 8 . 1 65.41 7.9 6 . 2 1

Lean Body Weight, kg 62.63 6.3 61.51 8 . 0 1 . 1 2

Per Cent Body Fat 12.4 2 . 6 6 . 0 2.4 6.4b
Fat Weight, kg 8.98 2.5 3.91 1.4 5.07
Height, cm 180.9 8 . 2 176.9 8.4 4.0
Total Leg.Length, cm 93.7 4.5 91.7 6 . 0 2 . 0

Upper Leg Length, cm 44.1 2 . 6 43.5 4.6 0 . 6

Lower Leg Length, cm 49.6 2.7 48.2 2.4 1.4
Total Leg Volume, ml 1 0 ,579 1.,527 1 0 ,124 1 ,287 454
Upper Leg Volume, ml 6 ,137 994 1 4 ,691 842 445
Lower Leg Volume, ml 4 ,441 657 ' 4 ,433 639 8

Total Leg Volume 
Total Leg Length’ ml/.cm 112.7 1 2 . 1 1 1 0 . 1 8.7 2 . 6

Upper Leg Volume 
Upper Leg Length’ ml/cm 139.3 2 2 . 2 131.0 15.4 8.3

Lower Leg Volume 
Lower Leg Length’ ml/cm 89.4 1 0 . 1 91.7 9.9 2.3

Total Leg Volume 
Body Weight ’ ml/kg 149.1 9.0 155.8 9.7 6.7

Upper Leg Volume 
Body Weight ’ ml/kg 86.5 8 . 2 87.8 1 1 . 2 1.3

Lower Leg Volume 
Body Weight ’ ml/kg 62.6 4.2 6 8 . 0  -> 3.3 5.4®

Upper Leg Volume 
Total Leg Volume 1 0 0 ,% 57.9 3.0 56.1 ‘ 3.9 1 . 8

Lower Leg Volume 
Total Leg Volume X 1 0 0 ,% 42.1 3.0 43.8 . 3.9 1.7

^Significant at the 0.01 level. 

^Significant at the 0,001 level.
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Methods and Materials

.Each subject was required to attend six testing sessions. The 

first session served to familiarize the subject with riding the bicycle 

ergometer and running on the treadmill, both at low levels of work.

After the preliminary tests, body composition and residual lung volume 

were determined. The next four sessions involved two maximal tests on 

the bicycle ergometer and two maximal tests on the treadmill for the 

determination of VO^ max. The cyclists were tested on the ergometer 

first and the runners were tested on the treadmill first. The order of 

the remaining three tests was determined randomly. Testing was conducted 

over several months, but the subjects 1 training remained consistent 

throughout the testing period. All subjects were given a minimum of two 

days of rest between tests. Subjects were instructed not to eat for a 

minimum of two hours prior to testing and not to indulge in any 

strenuous activity.

Five of the runnersvwere experienced at running on the treadmill

and had previously performed tests to determine VO^ max within 4 months

of the present study. If the results of the initial treadmill test

agreed within ± 3 ml/kg-min of their previous test, a second treadmill

test was not administered. Two subjects were unable to complete all

four tests due to scheduling conflicts. Maximal leg strength and all
2anthropometric data were collected during the final session.

2. One subject suffered an injury which forced him to stop 
training but which occurred after he had completed the maximal tests. 
Maximal leg strength was determined one month after the injury and it 
was assumed that this subject did not detrain in regard to leg strength.
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Preliminary Treadmill Testing

The subject was instructed in the proper method of mounting, 

running on, and dismounting the treadmill, as well as the use of the 

power cutoff switch. Mounting and dismounting was practiced until con

fidence at the test speed was attained. Once familiarity was achieved, 

the mouthpiece and breathing valve were posSti-oned and the speed was 

increased over a period of several minutes from a slow jog to 

approximately the testing pace. After three additional minutes, the 

grade was increased 2% every two minutes. During the familiarization 

tests, the subject was free to stop at any point after a heart rate of 

150 beats per minute had been attained. The subject was encouraged to 

walk on the treadmill as a cool-down procedure and a minimum 15-minute 

rest was given before the bicycle ergometer familiarization test was 

begun.

Preliminary Bicycle Ergometer Testing

A calibrated Monarch bicycle ergometer was positioned on the 

treadmill so as to provide optimum accessibility to the electrocardio

gram monitor and gas collection apparatus. A nylon racing saddle was 

adjusted so as to allow near full knee extension at the lowest point in 

the pedal revolution. Rat-trap pedals with toe clips and straps 

were used, but subjects were not allowed to wear cycling shoes, to 

prevent the cyclists from having an unfair advantage. Secure foot 

placement was ensured by wrapping athletic tape firmly around each foot. 

A calibrated metronome was mounted on the front of the ergometer ,and 

set to a prescribed cadence of 70 rpm. Although this is considerably



slower than what the cyclists use in competition or training (minimum 

90 rpm), it has been demonstrated that this pace will elicit optimal 

or near optimal VO^ max values (32, 49). These studies, however, did 

not involve trained cyclists and it is logical to assume that they would 

perform at least as well at the higher cadences they are familiar with. 

Such high cadences possibly would 'put^h:e::rnnners at a disadvantage 

because performing effectively at these cadences involves utilization 

of a learned technique. The subject pedalled for several minutes at 

70 rpm with minimal resistance until familiarity with the cadence was 

attained. Then, the mouthpiece and breathing value were positioned and 

a resistance of 1 kilopond (420 kpm/min) was applied. After two 

minutes, the resistance was increased 0.5 kiloponds (210 kpm/min) 

every minute. The familiarization test was stopped once a heart rate of 

150 beats/min was achieved or if the subject requested to stop. The 

subject then pedalled for a few more minutes with no resistance as a 

cooL-down.

Maximal Treadmill Testing

Prior to the maximal testing, subjects were allowed to stretch 

and to warm up lightly on the treadmill or bicycle ergometer. With the 

electrocardiogram and gas collection equipment in position, the subject 

began to jog slowly (5 mph and 0% grade). After the subject was 

accustomed to this, the speed was gradually increased to approximately 

80 to 90% of the 10 kilometer race pace for runners, and either 7 or 8  

mph for cyclists. After three minutes at zero grade, the treadmill was 

raised to a grade of 2% for two minutes and was increased by 2 % every
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two minutes thereafter until the subject reached a point of volitional 

fatigue. The subjects were instructed to signal when they felt they 

could continue for only one more minute. Constant encouragement was 

given by the investigator and the technician throughout the test, 

especially when approaching maximum effort. The technician observed 

the subject carefully to ensure that he maintained a safe position on 

the treadmill. If the subject could not maintain this position, speed 

was decreased slightly to allow the completion of the next half-minute. 

The technician was always in a position to provide physical support if 

necessary. After the maximal effort, the treadmill returned to level 

grade and a slow walking speed. The subject continued to walk until he 

felt fully recovered.

Treadmill speed varied with each subject from 7 to 11 mph in an 

effort to keep the duration of the test between 8  and 1 0  minutes and 

the maximum angle of inclination between 8  and 10%. To keep the dura

tion of the test within this time range, the 2 % grade was omitted in 

some of the later tests, resulting in the grade being increased from 

0 to 4% after the third minute.

Maximal Bicycle Ergometer Testing

With the electrocardiogram and gas collection apparatus in 

place, the subject pedalled for a minute or two with no resistance 

until he was able to follow the prescribed cadence of 70 rpm. Once 

accustomed to this cadence, a resistance of either 1.5 kp (630 kpm/min), 

2.0 kp (840 kpm/min), or 5.2 kp (1050 kpm/min) was applied 

to the ergometer for the first two minutes. The resistance was
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increased 0 . 5  kp ( 2 1 0  kpm/min).every minute until the. subject 

reached a point of volitional fatigue. The initial resistance was 

determined primarily by the subject-vS size and was adjusted to keep the 

. total time of the test from 8  to 10 minutes. The subjects were
iverbally encouraged to maintain the proper cadence and to continue as 

long as possible. If the subject was unable to maintain 70 rpm 5 the 

resistance was decreased slightly to enable him to complete the last 

half minute. After the maximal effort, the subject pedalled for a few 

minutes with no resistance as a cool-down.

Data Collection

Electrocardiogram

Throughout the tests, electrocardiogram (EGG) and heart rate 

were monitored on a Quinton Model 623A EGG monitoring system from a 

single lead (CM5). An EGG strip was obtained for the last ten seconds 

of every minute and for the last ten seconds of every half-minute when 

the subject approached maximal effort.

Oxygen Uptake

The volume of expired air was measured by a Parkins on-Cowan 

CD4 gasometer which was calibrated against known volumes at various 

flow rates. These data are presented in Table 3, along with the 

correction factors used to determine ventilations. A Beckman dual 

channel recorder was available for approximately half of the tests and 

provided a written record of the ventilations. For the remaining tests, 

this recorder was not operational and ventilations were determined
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Table 3. Calibration Data for the Parkinson- 
Various Flow Rates

■ Cowan CD4 Gasometer at

Flow Rate
Correction

FactorCD4 (L/min) Tissot (L/min) % Error

30 30.13 +0.43 1.004

50 50.85 +1.70 1.017

70 69.94 -0.09 0.999

90 91.06 +1.17 1 . 0 1 2

1 1 0 111.28 +1.16 1 . 0 1 2

130 131.11 +0.85 1.008

150 151.36 +0.91 1.009

solely from visual readings of the gasometer»dial. A mixing chamber 

was situated on top of the CD4 gasometer and a thermister was inserted 

inside the chamber to determine the temperature of the expired air.

A semi-automatic valve system, consisting of three 2-liter sampling 

bags, was used for the gas collection (32). A pump with a flow rate of 

1.5 L/min drew a gas sample from the mixing chamber into one of three 

sampling bags. Carbon dioxide content was determined by a Godart 

Capnograph and oxygen content was determined by a Beckman OM-11 oxygen 

analyzer. The analyzer readings were allowed to stabilize and were 

recorded 10 seconds before:the next collection period. All ventilations 

were increased by 1.5 L/min to correct for the volume removed for gas
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analysis. Expired air was collected every minute until it was apparent 

that the subject had only two or three minutes of effort left. At this 

point, gas samples were collected every thirty seconds.

Assessment of Maximal Leg Strength

The specificity involving the measurement of strength has been 

a controversial issue that has been well documented (29, 45). Since one

of the purposes of this investigation was to determine the influence of
' .

maximal leg strength (MLS) on performance during the VO^ max tests on

the ergometer as compared to the treadmill, it was apparent that a 

measure of strength that closely resembles the cycling motion would be 

most appropriate.

A Cybex II isokinetic recording dynamometer (Cybex Division of 

Lumex, Inc., Bayshore, NY), calibrated at known torques, was used to 

measure leg force. The constant velocity dictated by an isokinetic 

machine; more closely resembles the dynamic cycling movements of 

ergometer cycling than would an isometric or isotonic test of muscle-*, 

force. An VL" shaped crank was attached to the head of the Cybex II 

and its length was set at 170 mm, which is the standard crank length on 

a Monarch ergometer. A tight-fitting, but freely spinning, collar was 

placed over the horizontal section of the crank and was prevented from 

sliding horizontally with a fixed one-half inch collar. This crank 

assembly took the place of the right pedal, which was removed from the 

ergometer. To attain the proper height needed for the Cybex II, the 

ergometer was mounted on a three-foot high platform. The subject was . 

seated on the ergometer with his foot secured to the Cybex-connected
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to'-allow near full extension of the right leg at . the bottom-most part 

of the revolution. The subjects were instructed to place their left 

foot on the left pedal or to let it hang freely .on the platform, and to 

keep their arms bent slightly to minimize their use. The platform and 

the Cybex II were braced against a wall to prevent forward movement when 

force was applied. Initially, awkwardness was experienced because the 

left leg was not involved at the time the right leg was exerting 

maximal force. Thus,: several practice trials were necessary to ensure 

a smooth pattern of movement. The subjects were informed that although 

they would not be able to exceed the prescribed speed of the Cybex..II, 

they would achieve the highest torque readings if they tried to turn the 

crank as fast as possible. The subjects performed four complete 

revolutions, exerting maximal force both extending and flexing the knee. 

Trials were performed at speeds of 300, 180, and 60 degrees/min. 

(corresponding to 50, 30, and 10 rpm, respectively). ATI of these pedal 

rates are considerably slower than the 70 rpm used in the exercise 

tests. The highest peak force achieved at each speed for flexion and 

extension was defined as MLS. For all tests, the damping switch on the 

Cybex II was set to 0. The order of the trials was determined randomly.

Assessment of Body Composition

The subjects were weighed on a Horns beam scale wearing only gym 

shorts or a bathing suit. Body density was determined by the hydro

static weighing technique using ten trials as described by Behnke and 

Wilmore (6 ). Residual lung volume was determined using a modification
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of the oxygen dilution technique as described by Wilmtire (51). Relative 

body fat was estimated from body density according to the equation of 

Siri (44).

Assessment of Leg Length

Leg length as well as total body height was determined using a 

GPM anthropometer. Total leg length was measured from;:the top of the 

greater trochanter of the right femur to the floor. The distance from 

the top of the fibula to the floor was defined as lower leg length.

These procedures were repeated, and if the two trials differed by more 

than 2 mm, a third trial was taken. Upper leg length was computed by 

subtracting lower leg length from total leg length.

Assessment of Leg Volume

Leg volume was determined anthropometrically according to the 

method described by Katch and Katch (28). Circumference measurements 

were made with a cloth tape at seven specified sites: gluteal furrow,

upper thigh, top of the knee, maximal knee, below the knee, maximal 

calf, and top of the-:-ankle. The height between these sites was 

measured with a GPM anthropometer as well as the height from the top of 

the ankle to the floor and also the length of the foot. Two trials were 

recorded and if scores differed by more than 2  mm, the measurement was 

repeated until close agreement was reached. This method was previously 

reported to have an r = .95, when compared to the actual measured 

volume, with a standard error of estimate of .48 liters (28).
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Statistical Analysis 

Oxygen uptake values and leg volumes were computed with the aid 

of a Hewlett-Packard 9810 calculator. Body composition and residual lung 

volume computations were aided by a Monroe programmable desk-top calcu

lator. t-Tests were computed on a Hewlett-Packard programmable 

calculator. All data were recorded on magnetic tapes on a Data General 

1 2 0 0  computer, and frequency distributions, means, and standard 

deviations for all variables as well as correlations for selected . 

variables were computed at the Gompute.r Center of the University of 

Southern California, Los Angeles, California.



CHAPTER 4

RESULTS

Between-Group Comparisons

Physical Characteristics 
of the Subjects

Although the cyclists 9 as a group, were noticeably taller, 

heavier, and had longer legs than the runners, these differences were 

not statistically significant (Table 2). The runners averaged only 

6.0% body fat, which was significantly lower than the value of 12.4% for 

the cyclists (p < .001). It should be noted that the cyclists were 6.2 

kg heavier oh.;the average than were the runners, but that the average 

lean body weight was only 1.1 kg greater. Therefore, the cyclists’ 

greater weight was due primarily to an average of 5.1 kg more fat than 

the runners (p < .0 0 1 ).

The highest VO^ max values (69.2 ml/kg-min) were elicited by
r

the runners while exercising maximally on the treadmill. This value 

was significantly higher than their VO^ max on the bicycle ergometer 

(60.9 ml/kg'min) (p < .0 1 ), as well as the mean'VO^ max of the cyclists 

on the treadmill (63.6 ml/kg-min) (p < .05). The cyclists’ VO^ max on 

the bicycle ergometer (65.5 ml/kg-min) was significantly higher than 

the bicycle ergometer values of the runners (60.9 ml/kg-min) (p < .05). 

The difference between VO^ max for runners on the treadmill (69.2 

ml/kg-min) and cyclists on the bicycle ergometer (65.5 ml/kg-min) was

38



39

not statistically significant (Table 4). The runners exhibited an 

average decrease of 13.6% [(treadmill VO^ max - ergometer VO^ max/ 

ergometer V0o max) x 100] from their treadmill VO max when tested on 

the bicycle ergometer. The cyclists were able to exceed their tread

mill VO^ max values by 3.0% on the bicycle ergometer (Table 5,and 

Figure 1). This represents a 16.6% difference between the, ;two groups 

which is highly significant (p < .0 0 1 ).

Maximal Heart Rate

The highest- maximal heart rates (HR max) were achieved by the 

cyclists during the maximal treadmill exercise (194.beats/min) (Figure 

2 and Tables 6  and 7). ;These heart rates were significantly higher than 

the HR max values of the runners on both the treadmill (185 beats^min)

(p < .05) and the ergometer (168 beats/min) (p < .001) as well as for 

the cyclists on the ergometer (187 beats/min) (p < .05). Both groups 

were able to reach significantly higher HR max values during treadmill 

exercise as compared to bicycle ergometer work (cyclists, p < .05; 

runners, p < .01). The runners 1 mean HR max was 17.1 beats/min less 

during bicycle ergometer work than on the treadmill, while the cyclists 1 

averaged 6.9 beats/min less on the bicycle ergometer. The difference 

between the two groups for these values was highly significant (p< .0 0 1 ).

Maximal Leg Strength _ -

As can be seen in Table 8 , there were no significant differences 

between the cyclists and the runners in MLS at any. speed, either 

extending or flexing the knee, and expressed either absolutely (newton- 

meters), or relatively [(newton-meters/body weight) x 100]. Statistical
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Table .4. A Comparison of Treadmill and Bicycle Ergometer VO 2  max Values

for Runners and Cyclists
/

Relationship Means Difference P

V0o max (L/min):
Cyclists Ergometer vs. Cyclists Treadmill 4.67- 4.54 0.13 N.S.

Runners Treadmill vs. Runners Ergometer 4.56- 4.00 0.56 0.025

Cyclists Ergometer vs. Runners Ergometer 4.67- 4.00 0.67 0 . 0 1

Runners Treadmill vs. Cyclists Treadmill 4.56- 4.54 0 . 0 2 N.S.

Cyclists Ergometer vs. Runners Treadmill 4.67- 4.56 0 . 1 1 ' N.S.

Cyclists. Treadmill vs. Runners Ergometer 4.54- 4.00 0.54 0.05

VOn max (ml/kg»min) :
Cyclists Ergometer vs. Cyclist:s Treadmill 65.5 -63.6 1.9 N.S.

Runners Treadmill vs. Runners Ergometer 69.2 -60.9 8.3 0 . 0 1

Cyclists Ergometer vs. Runners Ergometer 65.5 -60.9 4.6 0.05

Runners Treadmill vs. Cyclists Treadmill 69.2 -63.6 5.6 0.05

Runners Treadmill vs. Cyclists Ergometer 69.2 -65.5 3.7 N.S.

Cyclists Treadmill vs. Runners Ergometer 63.6 -60.9 2.7 N.S.

Per Cent Difference (Tready 1 1  Ergometer ; __________________  Ergometer ______
Cyclists vs. Runners 3.0— (—13.6) 16.6 0.001
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Table 5. VO^ max on the Treadmill and Bicycle Ergometer

Subject

vo 2 max
Per Cent 

Difference
L/min

ml/kg ’ min

Treadmill
(A)

Ergometer
(B) •(A~B- x 1 0 0Treadmill Ergometer.

Cyclists (n = 9) :•
B.B. 4.58 4.73 61.2 62.9 - 2 . 6

R.Ph 3.98 4.13 61.0 63.3 —3. 6

P.K. 4.10 4.26 64.4 6 6 , 8 -3,5
R.Po. 4.90 5.46 64.8 72,4 -10.5
A.F. 3.82 4.34 56.0 64,1 -12,7
N.K. 4.18 4.59 60.9 6 6 . 1 -7.8
L.R. 5.49 5.05 61.5 56,4 8.9
R.M. 4.93 4.83 67,7 6 6 , 1 2.4
B.C. 4.89 4.66 -74.9 72.1 3.7
Mean 4.54 : 4.67 . :63.6 65.5 -3.0
Standard
Deviation 0.56 0.41 5.3 4.9 7.0

Runners (n = 9):
E.C. 4.82 4.26 78,7 68,5 14,9
P.S. 4,47 4,17- 69,9 64,3 8.9
D.B. 4.14 3.64- 61.8 54,0 14.4
M.J. 4.94 4.59 63,0 59,0 6,3
H.S. 4.47 3.66 72,1 60,0 2 0 , 1

D.S. 4.98 4,50 68.4 60,9 12.3
J.W. 4.78 4,48 62.8 59,0 6.3
R.O. 4.50 3.27 73,0 59,8 2 2 , 0

T.R. 3.98 3.46 73.0 62.6 . 16,5
Mean 4.56 4.00 69,2 60.9 . 13,6
Standard
Deviation 0.34 0.50 5.7 4,0 5.7
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Figure 1. VO^ max on the Treadmill and Bicycle Ergometer



Bi
cy
cl
e 

Er
go
me
te
r 

HR 
max

 
(b

ea
ts

/m
in

)
43

200
X -'-Cyclist 
o — Runner

190

180

170

160

150

140 170 180 190
Treadmill HR max (beats/min)

160150 200

Figure 2. Maximal Heart Rates on the Treadmill and Bicycle Ergometer
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Table 6 . Maximal Heart Rates During Treadmill and Bicycle Ergometer 
Work

Subject

Maximal Heart Rate 

Treadmill (A) Ergometer (B) Difference (A-B)

Cyclists (N= 9)i
B.B. 191 180 1 1

R.Ph. 188 182 6

P.K. 194 186 8

R.Po. 184 177 7
A.F. 204 2 0 0 4
N.K. 198 191 7
L.R. 194 . 189 5
R.M. 2 0 1 189 1 2

B.C. 191 189 2

Mean 193.9 187.0 6.9
Standard
Deviation 6.31 6,82 3.17

Runners (N=9):
B.C. 188 172 . 16
P.S. 198 175 23
D.B. 184 158 26
M.J. • 186 169 17
H.S. 167 146 2 1

D.S. 183 168 15
J.W. 180 171 9
R.O. 191 180 1 1

T.R. 192 176 16
• Mean 185,0 168,3 17.1
Standard
Deviation 8.78 10,40 5,46
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Table 7. A Comparison of the Maximal Heart Rates of Cyclists and 

- Runners During Treadmill and Bicycle Ergometer Work

Relationship
HR max 

(beats/min) Difference P

Runners Treadmill vs. Cyclists Treadmill 185.0 193.9 8.9 .05

Runners Ergometer vs. Cyclists Ergometer 168.3 187.0 18.7 . 0 0 1

Runners Treadmill vs. Runners Ergometer 185.0 168.3 16.7 . 0 1

Cyclists Treadmill vs. 
Ergometer

Cyclists
193.9 187.0 6.9 .05

Runners Treadmill vs. Cyclists Ergometer 185'0 187.0 2 . 0 N.S.

Cyclists Treadmill vs. Runners Ergometer 193.9 168.3 25.6 . 0 0 1
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Table 8 . A Comparison of the Absolute and Relative Maximal Leg 

Strength of Cyclists and Runners

Means
Speed

Movement . (degrees/sec) Cyclists Runners Difference P

Absolute Strength:
■—  (Newton-meters) —

Extension 60
180
300

150.4
143.8
136.9

133.1
136.9
131.8

17.3
6.9
5.1

n .;s .
N.S.
M.S.

Flexion 60
180
300

45.3 
. 43.3 
38.2

42.4
41.3
33.8

2.9
2 . 0

4.4

N.S.
N.S.
N.S.

Maximal Extension 154.4 141.1 13.3 N.S.

Maximal Flexion 47.3 44.4 2.9 N.S.

^Newton-meters n riAX

Relative Strength:
Body Weight X

Extension 60
180
300

213.4
205.0
194.7

204.6
210.7 
203.6

. 8 . 8  

5.7 
8.9

N.'S-.
N.S.
N.S.

Flexion 60
180
300

64.1
60.9
53.3

66.3
64.3
52.3

2 , 2

3.4
1 . 0

N.S.
N.S.
N.S.

Maximal Extension 219,5 217.4 2 , 1 N.S.

Maximal Flexion 66.5 69.3 2 . 8 N.S.

i
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significance was hampered by the large standard deviations of these 

measurementso The largest difference between the two groups was a 

17.3 N-m greater knee extension (60°/min) by the cyclists. Other than 

this9 the cyclists exhibited slightly higher absolute strength scoresy. 

while the runners exhibited higher scores when expressed relative to 

body weight.
- /

Segmental Leg Volumes

The average total leg volume for the cyclists was 105579 ml, 

and IO 3 I2 4  ml for the runners (see Table 2). This difference was not 

statistically significant. The cyclists also had slightly larger upper 

leg volumes (6137 ml) than did the runners (5691 ml) 9 but this dif

ference was not significant. When these leg volumes were expressed 

relative to body weight 3 it was shown that the runners had a signifi

cantly greater lower leg volume than did the cyclists (p < .01). Al

though the runners also had larger total leg volumes and upper leg 

volumes relative to body weight than did the cyclists 9 these differ

ences were not statistically significant. The cyclists had a slightly 

higher percentage of their total leg volume in.their upper leg (57.9%) 

than did the runners (56.1%). Conversely 9 the runners had a slightly 

larger percentage of their total leg volume in their lower legs 

(43.8%) than did the cyclists (42.1%); however 9 neither of these dif

ferences were statistically significant.
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Intercorrelations Between Variables

VO^ max

As can be seen in Table 9 absolute VO^ max on the treadmill 

was significantly correlated with absolute VO^ max on the bicycle 

ergometer (r = .68). Absolute and relative VO^ max values were not 

significantly related for treadmill exercise, but the bicycle ergometer 

values exhibited a low but significant correlation (r = .42).

VO^ max Related to Anthropometric 
Characteristics

.
Absolute VO£ max on the bicycle ergometer was significantly

correlated with height (r = .70), weight (r = .80), lean body weight

(r = .70), per cent fat (r = .47), total leg length (r = .69), upper

leg.length (£ = .44), and lower leg length (r = .78) (refer to Table 9).

All of these variables, with the exception of per cent fat, also had

significant correlations with absolute treadmill VO^ max. Conversely,

body weight (r = -.56) and lean body weight (r = -.47) had significant
.

inverse, relationships with relative treadmill VO^ max.

V02 max Related to Segmental 
Leg Volumes

Total leg volume was significantly correlated with absolute 

VO max on both the bicycle er gome ter (r = .71), and the treadmill 

(r = .79). ~In addition, upper and lower leg volumes showed similar 

significant correlations with absolute treadmill and bicycle ergometer 

VO^ max ‘.values (see Table 10). Total, upper, and lower leg volumes 

divided by their respective lengths had significant correlations



Table 9. Correlation* Matrix Between Anthropometric Data and VC^ max

1  2  3 4 . 5 6 7 8 9 1 0 1 1  '

1. VO^ max Treadmill (L/min) .16 . 6 8  .05 .69 .73 .73 . 1 0 .75 .55 .75

2 . VO 2  max Treadmill (ml/kg'min) -.34 .32 -.34 -.56 -.47 -.31 - . 2 2 — . 14 -.26

3. VO 2  max Ergometer (L/min) .42 .70 .80 .70 .47 .69 .44 .78

4. VO 2  max Ergometer (ml/kg* min) — . 05 - . 2 0 -.27 . .32 -.03 - . 1 1 .08

5. Height, cm. - .82 .82 . .09 .90 . 6 8 .77

6 . Weight, kg. .94 .30 .79 .74 .80

7. Lean Body Weight, kg. — . 0 2 .80 . 6 8 .80

8 . Body Fat, % .07 - . 0 1 .15

9. Total Leg Length, cm. .89 .77

1 0 . Upper Leg Length, cm. .41

1 1 . Lower Leg Length, cm.

*For N = 18, r = .40 and .54 is required for significance at p < .05 and .01; 
respectively.

-p~
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Table 10. Relationships* Between VO 2  max and Segmental Leg Volumes

Maximal Oxygen Uptake

L/min ml/kg 0 min

Treadmill Ergometer Treadmill Ergometer

Total Leg Volume .79 .71 -.30 -.13

Upper Leg Volume .73 . .71 -.17 .07

Lower Leg Volume .67 .54 -.42 -.40

Total Leg Volume 
Total Leg Length .67 .62 -.29 -.14

Upper Leg Volume 
Upper Leg Length .49 .55 - . 1 0 .18

Lower Leg’ Volume 
Lower Leg Length . .50 .33 -.42 -.54 .

Total Leg Volume . 
Body .Weight . 2 1 - . 1 1 .52 .14

Upper Leg Volume 
Body Weight . . 2 1 .06 .33 .43

Lower Leg Volume 
Body Weight ' . 0 2 -.36 .19 .40

Upper Leg Volume _ 
Total Leg Volume .16 .24 . 2 2

, - 4 5

Lower Leg Volume 
Total Leg Volume X . -.16 -.24 - . 2 2 -.45

*For N = IS, r = .40 and .54 is required for significance at 
p < .05 and .01, respectively.
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(r = .67, r = .4 9 , and r = .50, respectively) with absolute treadmill 

VO^ max. Total andaupper leg volumes relative to their segmental 

heights were also significantly related to absolute VO^ max on the 

bicycle ergometer (r = .62 and r = .55 respectively). Relative tread

mill VO^ max had a low but significant inverse relationship with lower 

leg volume (r = -.42) and lower leg volume relative to lower leg length 

(r = -.42). Total leg volume relative to body weight was significantly 

correlated with relative ^0^ max on 1the treadmill (r = .52). Relative 

bicycle ergometer VO^ max had significant relationships with lower leg 

volume (r = .40), lower leg volume relative to lower leg length (r = 

-.54), upper leg volume relative to body weight (r = .43), lower leg 

volume relative to body weight (r = .40), upper leg volume per cent 

(r = .45), and lower leg volume per cent (f = -.45).

VO^ max Related to Maximal 
Leg Strength

Although there were no significant differences between cyclists 

and runners in any of the leg strength measurements, a significant 

correlation (r = .6 8 ) between absolute maximal extension and absolute 

bicycle ergometer V 0 ^ max testifies that this relationship should not 

be ignored. Similarly, maximal extension relative to body weight was 

significantly correlated with relative bicycle ergometer max 

(r = .57). A low but significant correlation was found between absolute 

maximal flexion and absolute bicycle ergometer VO^ max (r = .40) (see 

Table 11). ,



I I . sTable 11. Correlations* Between VO^ max and Maximal Leg Strength

Maximal
Extension

(Newtdn-meters)
Maximal Extension 
(Newton-met er s/BW)

Maximal Flexion 
(Newton-meters)

Maximal Flexion 
(Newton-meters/BW)

VO 2  max Treadmill 
(L/min) .47 -.07 .27 — . 08

VO^ max Treadmill 
(ml/kg•min) — . 1 2 .36 . 1 0 . 2 1  ••

VO 2  max Ergometer 
(L/min) . 6 8 .07 .40 - . 0 2

VO 2  max Ergometer 
(ml/kg•min) .38 .57 . 1 2 . 2 0

* F o r N  =18, r = .40 and .54 is required for significance at p < .05 and .01, 
respectively.
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Maximal Leg Strength Related to 
Anthropometric Variables

Absolute maximal extension was found to be significantly

correlated with total leg volume (r = .54), and upper leg volume (r =

.54). These relationships with absolute maximal extension were also

significant when total and upper leg volumes were expressed in terms

relative to their segmental heights (r = .50 and r = .43, respectively).

Further evidence that larger individuals fared better in absolute

maximal extension is provided by significant relationships with body

weight (r = .49) and lean body weight (r = .51) (see Table 12).

Test-Retest Reliability

Test-retest reliabilities for VO" max on the treadmill were2 .

r ^  = • 98 for the cyclists (n = 8), and r ^  = .98 for the runners 

(n = 7). Test-retest reliabilities for bicycle ergometer VO^ max were 

r ^  = »92 for the cyclists (n = 8) and r ^  = • 94 for the runners 

(n = 6 ). These values were based on the absolute VO^ max values and 

included only those cases where two valid tests were obtained for each 

mode.



Table 12. Correlations* Between Maximal Leg Strength and Anthropometric Data

1 I
Maximal
Extension

(Newton-meters)
Maximal Extension 
(Newton-meters/BW)

Maximal Flexion 
(N ewt on-me ters)

Maximal Flexion 
(Newton-meters/BW)

Weight, kg. ,49 ■ ,30 , 32 -.19
Lean Body Weight, kg ,51 - . 2 2 .25 - . 2 2

Per Cent Fat ,08 -.15 ,27 .09
Total Leg Volume, ml .54 -.13 .29 -,13
Upper Leg Volume, ml .54 - , 0 1 .30 — , 05
Lower Leg Volume, ml ,39 -, 27 . 2 0 - . 2 2

Total Leg Volume 
Total Leg Length .50 - . 1 0 ,35 -.03

Upper Leg Volume 
Upper Leg Length ,43 ,05 ,26 , 0 1  '

Lower Leg Volume 
Lower Leg Length .29 -.27 .27 -.08

Total Leg Volume 
Body Weight ,14 ,32 , 0 0 ,13

Upper Leg Volume 
Body Weight ,19 ,33 ,07 .16

Lower Leg Volume 
Body Weight -,Q9 , 0 0 -,15 — ,07



Table 12,— Continued

Maximal
Extension

(Newton-meters)
Maximal Extension 
(Newton-meters/BW)

Maximal Flexion 
(Newton-meters)

Maximal Flexion 
(Newton-meters/BW)

Upper Leg Volume „ 
Total Leg Volume’ .18 .23 ,09 . 1 1

Lower Leg Volume „ 
Total Leg Volume’■ -,18 . -'23 r.,09 — . 1 1

*For N = 18, r = ,40 and ,54 is required for significance at p <.,05 and .01, 
respectively.



CHAPTER 5

DISCUSSION

This discussion will focus on a comparison between cyclists and 

runners for all parameters measured, as well as the relationship of 

these parameters to both bicycle ergometer and treadmill VO^ max.

A Comparison Between Runners and Cyclists

The most outstanding anthropometric difference between the two 

groups was in the percentage of body fat. The runners averaged only 

6.0% body fat which was significantly lowertthan the value of 12.4% 

for the cyclists (p < .001). The runnersT mean value compares 

favorably with the data of Costill et al. (12) who reported an average 

of 7.5% body fat computed from the skinfolds of 114 marathon runners. 

The cyclists 1 body weight averaged 6.2 kg more than the average body 

weight of the runners, and this was primarily due to an average of 5.1 

kg more body fat for the cyclists. Thus, it may appear that an 

exceptional low relative body fat may not be of the same critical 

importance in cycling that it is in running. Further evidence of this 

is the fact that BC, a national caliber cyclist, was 9.0% body fat, a 

figure which was higher than all but one of the runners.

The exceptional leanness of the runners was unquestionably to 

their advantage while running on the treadmill. Their mean VO^ max 

value of 69.2 ml/kg-min is comparable to previous results for 

highly trained distance runners (13, 14, 41), but is understandably
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lower than values reported for national caliber distance runners (1 1 ,

13, 15) ; The mean VO^ max of the cyclists while exercising maximally 

on the bicycle ergometer was 65.5 ml/kg-min, which was somewhat lower 

than the mean value of 69.1 mL/kg°min reported by Strf&nme et al. (47) 

for five Norwegian elite cyclists, but is comparable to the averages of 

6 6 . 8  ml/kg-min reported for 14 competitive cyclists by Astrand (2 ) and 

64.3 ml/kg-min for 5 competitive cyclists reported by Pugh (39).

The runners exhibited a pronounced decrease.:.(-13.6%) in mean 

bicycle ergometer VO^ max values when compared to their corresponding 

treadmill values. This is in general agreement with the results of 

Miyamura and Honda (33), and the comments of Saltin and Astrand (41), 

who also reported large decreases in bicycle ergometer VO^ max values 

for well-trained runners as compared to their treadmill values.

These decreases are somewhat greater than is usually found for un

trained subjects (Table 1). The cyclists were able to exceed their 

treadmill VO^ max values by 3.0% when tested on the bicycle ergometer, 

which is comparable to the findings of Str^mme et al. (47). The 16.6% 

difference in VO^ max on the bicycle ergometer between the two groups 

undeniably reflects specific cardiovascular adaptations to the two 

different types of exercise.

Both the runners and the cyclists were able to attain signifi

cantly higher HR max values during maximal treadmill exercise as com

pared to maximal bicycle ergometer work. Most notable are the low HR 

max values achieved by the runners on the bicycle ergometer (168 beats/ 

min), which was an average of 17 beats/min less than their HR max values 

during treadmill work. These values are comparable to the low HR max



values (169 beats/min) found by Costill (10) for collegiate runners 

tested on the bicycle ergometer. From these results, it is apparent 

that maximal bicycle ergometer work, as performed in the protocol 

described in this investigation, was probably limited by peripheral 

factors before the cardiovascular system was maximally stressed. The 

literature has demonstrated that stroke volume is usually lower during 

maximal bicycle ergometer work than in maximal treadmill running (19.,

21). If this was true for the subjects in this investigation, then 

maximal cardiac outputs were not reached during maximal bicycle ergometer 

work. Based on their significantly higher HR max values during bicycle 

ergometer exercise,'it was probable that the cyclists were able to 

utilize a higher percentage of their central circulatory capacity than 

the runners, before peripheral factors forced the cessation of exercise. 

The ability of the cyclist to achieve equal or slightly greater VO^ max 

values despite significantly lower HR max values on the bicycle ergom

eter as compared to the treadmill is likely due to an enhanced capa

bility of the specifically trained muscle fibers to extract and 

utilize the available oxygen, resulting in a greater arterio-venous 

difference. This is in agreement with the findings of Str^mme et al. 

(47), McArdle and Magel (31), Pechar et al, (36), and Robers and 

Alspaugh (40).? From the above discussion, it is clear that the maximal 

bicycle ergometer exercise.protocol that was used in this investigation 

was not capable of maximally stressing the cardiovascular capacity of 

these highly trained athletes, and this tendency was more pronounced 

for the runners. Thus, if the maximal cardiovascular capacity of a 

trained individual is to be assessed, it is imperative that the testing
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apparatus involve the specifically trained muscles in movement patterns 

that closely simulate the particular activity. A. protocol in

volving a pedal rate of 80 rpm or greater may have delayed the onset of 

local muscle fatigue experienced by both groups and would have corre

sponded more closely to the training pedal rates of the cyclists. How

ever, considerable experience practicing these high pedal rates is a 

necessity to ensure an efficient and smooth pedalling motion. Therefore, 

the runners would probably incur a considerable disadvantage at high 

pedal rates unless thoroughly familiarized with these, rates. /.An in

vestigation measuring the cardiac oupputs of trained runners and 

cyclists, during maximal exercise on the bicycle ergometer and the 

treadmill would help clarify the specific cardiovascular adjustments 

involved in the two forms of work.

It has been suggested that MLS may be a factor limiting maximal 

aerobic performance on the bicycle ergometer (31, 32). Upon considering 

the greater bicycle ergometer VO^ max values of the cyclists as compared 

to the runners, it would be reasonable to expect that the cyclists 

possess greater MLS capabilities, especially when measured on an 

apparatus simulating the cycling motion.

Most of the resistance encountered during cycling at racing 

speed is due to wind resistance (39) . The weight of the rider plus 

the bicycle contribute to the rolling resistance which becomes an in

creasingly important factor during uphill riding. Therefore, in 

assessing the ability of a rider to propel a bicycle forward, it would 

seem that MLS relative to body weight would be an appropriate measure. 

During bicycle ergometer work, .however, the subject is working to



60

overcome a set resistance on the flywheel, and neither air resistance 

nor weight-dependent rolling resistance are encountered- Therefore, 

an absolute measure of MLS may be of greater importance in determining 

bicycle ergometer work capacity.

No significant differences between the cyclists and the runners 

in MLS at any speed 9 either extending or flexing the knee, and expressed 

either absolutely, or relative to body weight, were found (Table 8 ).

The largest difference between the two groups was a 17.3 N-m (13%) 

greater knee extension (60°/min) by the cyclists as compared to the 

runners. Other than this, the cyclists exhibited slightly higher 

absolute strength scores, while the runners exhibited slightly higher 

scores relative to body weight. These differences, however, were not 

statistically significant and cannot be held accountable for the sig-' 

nifleant differences in VO^ max values between the cyclists and the 

runners. These conclusions are consistent with those of Katch et al. 

(27).

It has been suggested that max, particularly during maximal

bicycle ergometer work, may be limited by the mass of active muscle 

tissue (1, 20, 33). Davies (16) reported that leg volume accounted for 

more than 80% of the total variance of bicycle ergometer VO^ max for a

group of 116 children. If these considerations are correct, it would
. . 4 

be reasonable to expect individuals with a greater VO 2  max, particularly

on the bicycle ergometer, to have a larger active muscle mass which

should be reflected by a larger segmental^leg volume. Furthermore,

since bicycle work involves a great deal of upper leg stress, high

bicycle ergometer VQ^ max values should be associated with largerrupper
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leg volumes. Conversely, but to a lesser extent, a high VO^ max during 

treadmill running, which involves more lower leg stressithan does 

cycling, may be associated with larger lower leg volumes.

The average total leg volumes for the cyclists and runners were 

10,579 ml and 10,124 ml, respectively (Table 5). This difference was 

not statistically significant. Surprisinglyi--these values are sub- | 

stantially lower than the 11,737 ml average reported by Katch et al.

(27) for a group of college men of comparable weight (71.6 kg) and 

stature (176.2 cm). The cyclists had slightly larger upper leg volumes 

(6137 ml) than did the runners (5691 ml) but this difference was not 

statistically significant. When these leg volumes were expressed 

relative to body weight, it was shown that the runners had a signifi

cantly higher lower leg volume than did the cyclists (p < .01) . The 

lower leg, particularly the gastrocnemius and soleus muscles, is 

responsible for the lifting and the initial propelling of the body 

forward during running, but is not one of the primary force producers 

in cycling. It is not surprising then, to observe that this muscular 

segment is somewhat more hypertrophied relative to body weight in 

runners than in cyclists. Differences in total leg volume and upper leg 

volume apparently were not responsible for the ability of the cyclist 

to achieve a significantly,higher max on the bicycle ergometer as

compared to the runner._ This is in general agreement with the findings

of Katch et al. (27), who report that leg composition was not asso-
#  -

d a t e d  with a 1 2 - 4% higher VO^ max on the treadmill as compared to the

ergometer.
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Factors Affecting Bicycle Ergometer and
Treadmill VOp max

Absolute treadmill VO^ max values were significantly correlated

with absolute bicycle ergometer VO max values (r = .6 8 ). Absolutez
and relative VO^ max values were not significantly related for tread

mill exercise 3 but the bicycle ergometer values exhibited a low but 

significant correlation (r = .42). Low correlations between absolute 

and relative VO^ max on both the bicycle ergometer and the treadmill, 

have been previously reported by McArdle and Magel (31) and Buskirk and 

Taylor (9) .

Large body size was clearly shown to be an advantage in 

achieving a high absolute bicycle ergometer VO^ max. This is demon

strated by significant correlations between absolute bicycle ergometer 

VO^ max and height (f = .70), weight (r = .80)9 lean body weight (r =

• 70) 9 ,per cent body fat (r = .47) 9 total leg length (r = ..69), upper leg 

length (r = .44), and lower leg length (r = .78), (Table 9). All of 

these variables, with the exception of per cent body fat, also had

similar correlations with absolute treadmill V0o max values. Thisz
tendency is further demonstrated by the relationships between total leg 

volume and absolute VO^ max on the bicycle ergometer (r = .71), and the 

treadmill (r = .79). (Table 10). These figures agree well with the data 

of Katch et al. (27). Total leg volume relative to body weight was 

significantly correlated with relative treadmill VO^ max. This rela

tionship implies that individuals with a large amount of muscle mass 

^relative to body weight) will be able to demonstrate a high level of 

cardiovascular fitness when measured on the treadmill. Upper leg



63

volume relative to body weight had a low but significant correlation 

with relative bicycle ergometer VO^ max (r = .43). This relationship 

implies that individuals with greater muscular hypertrophy in the upper 

leg will be able to.^demonstrate a high level of cardiovascular fitness 

when measured on the bicycle ergometer.

Arjsignificant correlation was found between absolute maximal 

extension and absolute bicycle ergometer VO^ max (r = .68).. This is 

somewhat higher than the relationship between maximal leg force and 

absolute bicycle ergometer VO^ max (r = .40),.reported by Katch et al. 

(27). From this relationship, it might be inferred that an individual 

capable of exerting a greater force while extending the knee in a 

cycling motion probably will attain a higher absolute bicycle ergometer 

VO^ max than an individual with a lower force producing capability. 

Similarly, maximal extension relative to body weight was significantly 

correlated with relative bicycle ergometer VO^ max (r = .57). If the 

above inference is valid, then it would be expected that the cyclists, 

who had significantly higher absolute and relative bicycle ergometer 

VO 2  max values than the runners, would also have significantly higher 

MLS values, a relationship that did not exist. It is likely--that body 

weight was an important.factor in the relationship between MLS and 

bicycle ergometer max. Further evidence of this is demonstrated by

significant relationships between absolute maximal extension and body 

weight (r = .49), and lean body weight (r = .51) (Table 12). These are 

less than the maximal leg force relationships (r = .59 with body weight, 

and r = .62 with lean body weight) reported by Katch et al. (27).



CHAPTER 6

SUMMARY

/
Previous research has indicated that inclined treadmill running 

will elicit substantially higher VO^ max values than will maximal 

bicycle ergometer work (Table 2). Factors such as a lower cardiac 

output (19, 21, 43), a smaller amount of working muscle mass (30, 33), 

leg strength limitations (30, 32, 40), and a reduced local muscle bipod 

flow (30, 40, 54) during cycling have been discussed as possible 

explanations for this difference. Previous research has also demon

strated that this difference (treadmill VO^ max versus bicycle ergometer 

VO^ max) is quite pronounced in highly trained runners (41, 55). Con

versely., highly- trained- cyclists have typically been able to exceed 

their treadmill VO^ max values when measured on the bicycle ergometer 

(47). The purpose of this investigation was to compare the VO^ max 

values of highly trained distance runners and cyclists, on both the 

bicycle ergometer and the treadmill, with theiintention of gaining 

insight into the physiological mechanisms which allow the body to adapt 

specifically to different cardiovascular stresses. Maximal leg strength 

as it pertains to cycling was measured to investigate its relationship 

to VO£ max on each of the two modes. Segmental leg volumes were 

determined an thr op ome t r i c a1ly to investigate the relationship between 

leg volume? with inferences to active muscle mass, and VT^ max on each
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of the two modes. Body composition was determined hydrostatically.and 

its relationships to VO^ max for each of the two modes was investigated.

. The results of this investigation support the concept that the 

cardiovascular system will adapt in a highly specific manner to dif

ferent types of muscular activity. The cyclists 9 as a result of their 

bicycle training, were:-.'able to achieve slightly better (3.0%) VO^ max 

values on the bicycle^ ergometer as compared to the treadmill. Con

versely, the runners exhibited a pronounced decrease in performance 

(-13.6%) on the bicycle ergometer.as compared to the treadmill. The low 

HR max values of the runners during maximal bicycle ergometer work 

indicate that peripheral factors became limiting before.the heart was 

maximally stressed. The cyclists’ bicycle ergometer HR max values were 

also significantly lower than their corresponding treadmill values.

The cyclists, however, due to the trained state of the musculature 

involved in bicycle ergometry, probably were able to extract more of' 

the available oxygen,"rwhich would result in a greater arterio-venous 

oxygen difference. Thus, if the maximal cardiovascular capacity of a 

trained individual is to be assessed, it is imperative that the testing 

apparatus involve the specifically trained muscles in movement patterns 

that simulate the particular activity.

Differences in maximal leg strength and segmented leg volumes

were not able to account for the V0o max differences between the two2
groups. The leanness of the runners (6.0% body fat) was unquestionably 

to their advantage while running on the treadmill, as evidenced by 

their VO^ max of 69.2 ml/kg-min.



APPENDIX A

INFORMED SUBJECTfS CONSENT

As a subject for the project entitled9 nAn Analysis of the 
Maximal Aerobic Power of Trained Cyclists^and Distance Runners 
Relative to Leg Volume, Leg Strength, and Body Composition,H I 
understand the following elements of this project.

The project is a Master's thesis to determine how specific 
cardiovascular training is, and also to determine if the factors of 
leg volume, leg strength, and body composition are related to the 
largest amount of oxygen that a person's body can utilize for work on
the treadmill and the bicycle er gome ter „■

Cooperation in the project is completely voluntary» Each 
subject will be asked to participate in five sessions of approximately . 
30 to 45 minutes each. During the first session, my body composition 
will be determined from my weight underwater* This process involves 
submerging myself underwater while forcibly expiring as much air as 
possible. I must hold this state underwater for approximately three 
seconds. This procedure will be repeated ten times. After this, my 
upper, lower, and total leg lengths will be assessed using a broad 
blade anthropometer. Next, my leg strength will be determined by the 
maximal amount of force I can exert on the Cybex machine. This will
be repeated three times, - Then, the volume of my leg will be determined
by measuring the amount of water that is displaced when ray leg is 
submerged in a cylinder of water of known volume, I will then 
exercise on the bicycle ergometer, at a*light workload for three 
minutes and after being sufficiently rested, I will run on the treadmill 
slowly for three minutes. This will serve to familiarize me with 
working on these apparatus,

The following four sessions will involve the actual testing of 
maximal oxygen consumption. I will breathe through a respiratory valve 
so that my expired air can be collected and analyzed. For two sessions, 
my maximal oxygen consumption will be tested while I am working on the 
bicycle ergometer and for two sessions it will be tested while I am 
running on the treadmill. For the treadmill tests, I will start out 
at 7 mph and a 0% grade for the first three minutes with the grade being 
increased every two minutes by 2% until I can no longer continue. For 
the ergometer tests, I will pedal at 60 rpm and an initial resistance 
of 2 kg. The resistance will be increased .5 kg every two minutes 
until I can no longer continue.
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I am aware that the testing will produce acute local fatigue 
in the working muscles, but there is minimal risk of further physical, 
psychological, or other personal harm. The discomfort I will feel as 
a result of this testing will probably be less than that felt after an 
exhausting workout.

I have been selected for this study because I am currently in 
training for competitive running/cycling, and because I possess a 
high degree of cardiovascular fitness.

No monies or other compensation wiTi-be- given, no cost or 
expense incurred, and no benefits, other than the knowledge of my 
maximal oxygen consumptions, leg volume, leg strength, and body 
composition will result from participation in this project.

All questions I have will be answered promptly and honestly, 
and I keep the option to withdraw at any time.

All data collected and any information relative to me shall be 
confidential and known and used only by Robert Karwasky and members of 
his thesis committee. Final results will be presented using a numbered 
roster. A,possibility exists that the findings may be published.

The nature, demands, risks, and benefits of the above study 
have been thoroughly explained to me. I understand what my participa
tion will involve and also that I am free to ask questions at any time 
and to withdraw if I should find it necessary.

I also understand that this consent form will be filed in an 
area designated by the Human Subjects Committee with access restricted 
to the principal investigator and members of his thesis committee.

SUBJECTTS SIGNATURE .______________ ;____________ DATE___________________

The natupe, demands, risks, and benefits of this research have 
been thoroughly explained to the subject. I certify that to the best of 
my knowledge, the subject signing this consent form understands the 
above information concerning his participation. A medical problem or a 
language or educational barrier has not affected the understanding of 
his participation in this research project.

WITNESS1 SIGNATURE DATE



APPENDIX B

RUNNERS’ TRAINING AND PERFORMANCE QUESTIONNAIRE

As you all know by now, my thesis is attempting to gain 
information concerning the specific ways in which the body reacts to 
chronic cardiovascular stress. To help me assess this information, I 
would like you to complete this questionnaire about your training 
methods and experience. Any information you reveal will be kept 
confidential. (I have probably talked to you about this, but I have 
no record of this information.)

Name _______ , _____________________Age_____________________

Mailing Address______________ _____________________

# of years running___________________ # of years competing in races_________

Best 10 km Date , 15 km Date Marathon Date____

Best mile run Date  2 mile run Date____

Other racing accomplishments___________-__________________ ____________________

What do you feel are some strong or weak parts of your runs? (hills,

kicking, etc. )_____________ ____________________________________________________

How many miles per week do you train when an important race is 

approaching?________________________

How many mile/s do you train normally?___________________ Also, describe any

interval work that you do_______________________________________________ _____

How many months a year do you usually train?________________________________

Please describe the extent at which you ride a bike both during 
training, and at times when you cannot run. Are there any other 
vigorous activities that you participate in regularly?____________________
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Would you object to your test data being included in a table of 
results to be given to all of the subjects in this study?

_____ You may include my results in a table to be given to all subjects,

_____ Please omit my test data from this table.

THANKS



APPENDIX C

CYCLISTST TRAINING AND PERFORMANCE QUESTIONNAIRE

As you all know- by now, my thesis is attempting to gain informa
tion concerning the specific ways in which the body reacts to chronic 
cardiovascular stress. To help me assess this information, I would 
like you to complete this questionnaire about your training methods and 
experience. Any information you reveal will be kept confidential, 
(Chances*are I have already talked to you about most of this informa
tion, but I do not have a written record of this,)

Name ________  .___________________  Age _____

Mailing Address_______ ______________________________ __________________________

# of years riding_______ # of years competing______  Category______________

Best 25 mile TT ___________  Date_______  '

Best Racing Accomplishment (s)____________________   Date______

______________________Date_________

________________________________________________________ Date____

What do you consider your specialty? (The flats, sprints, climbing, etc.)

How many miles do you train per week when approaching an important

race?_____________________________________ _̂__________ __________________________ _

How many miles do you train normally?   Also, describe any

intervals that you do.___________________ _____________ _______________________

How many months a year do you train? ______________________________________

Please describe the extent at which you run/jog during the season or 
during the off season or any activity that requires a lot of movement 
that you regularly participate in  ____________ __________________________
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Would you object to the other subjects in the study receiving a table 
which would include the results of your tests?

______Include my data in the table of results to be distributed to all
subjects.

_____ Please omit my data from this table.

THANKS
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