
ABSTRACT 

VELDHUIS, R. J. 
V0,max. MS in Adult FitnessICardiac Rehabilitation, 1993, 98pp. 
(N. Butts) 

Although the sport of mountain biking has escalated dramatically 
in recent years, there is a dearth of research investigating the 
physiological demands of the sport. The purpose of this 
investigation was to establish a prediction equation to estimate 
V0,max values using a 5-mile mountain bike time trial. V0,max was 
determined in 33 healthy males (18-37 yrs), using an incremental 
cycle ergometer protocol (53.0 ml.kg-'.min-') . Throughout the V0,max 
tests, HRVs were recorded and expired air was analyzed using an 
automated open-circuit gas system each min. Each S performed a 
5-mile time trial using their own bicycles on an Action 400, 
Polyurethane outdoor quarter mile track (average ride time = 
16.26). HR0s were monitored throughout the time trials. The 
independent variables entered into the regression analysis were: 
age, height, weight, body mass index (BMI), wind speed, yrs of 
riding experience, weekly mileage, HR during the last minute of 
the time trial, and ride time (RT). Using a standard stepwise 
regression analysis the following equation was developed: 

V0,max (ml.kg4.min-I) = 122.05 - 0.7902 (BMI) - 3.05 (RT) . 
(r = .74; SEE = 4.59): 

The resulting equation provides a simple (time for 5-mile cycling 
test and Body Mass Index) fieid test for estimating V0,max in 
male mountain bikers. 
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CHAPTER I 

INTRODUCTION 

From city streets to off-road trails across the United 

States, cyclists have been turning to the all-terrain 

bicycle (ATB) as a popular alternative to the traditional 

lo-speed road bicycle. The interest of the American public 

has been sparked by the versatility afforded by ATB's for 

off-road adventure. Since the first 81mountain bike1@, built 

and marketed by Charlie Kelly, Gary Fisher, and Tom Ritchey 

in 1979 (Martin, 1989), was introduced to the American 

public, this form of recreational activity has fascinated 

its participants. 

The first mass produced mountain bikes were built and 

sold by Specialized in 1982 and appropriately named the 

StumpJumper (Lehrer, 1988). Since the late 1970's and early 

SO'S, various forms of the ATB (mountain bike, hybrid) have 

become commonplace on the streets and backwoods of this 

country. No longer does the cycling community have to 

compete with automobile traffic for the use of our nation's 

highway system. Backwoods trails and open fields which were 

previously nonaccessible to cyclists are now being explored 

with vigor by ATB owners. 

For many of us, the bicycles of our youth needed to be 

versatile. Many children spent countless hours modifying 



their old hand-me-down so that it would withstand a 

constructed jump or off-road path behind the house. 

According to popular legend, the sport of mountain biking 

started in the United States in just that fashion. 

Sometime in the early 1970'9, mountain biking got its 

birth on Mount Tamalpais in Marin County, California, across 

the bay from San Francisco (Lehrer, 1988; Sloane, 1985). 

There a group of adventure seekers began riding down the 

fire roads of Mt. Tamalpais on bikes of an earlier 

generation. Adaptations to the 1930's Schwinn Excelsior led 

directly to the modern mountain bikes of today. 

Due to the excessive weight of the Excelsior 

(approximately 60 pounds), only the strongest of cyclists 

were able to ride their bikes back up the trails of Mt. 

Tamalpais after descending the 2500-foot drop. Many riders 

stripped the bike of its imitation gas tank and rear steel 

rack, but the bikes still weighed roughly 50 pounds 

following these modifications. Most bikers hitched rides in 

pick-up trucks for another turn, rather than walking or 

carrying the 50 pound beasts back to the top. 

Growing exceedingly tired of having to haul his bike 

back to the top of the mountain in a truck, Gary Fisher 

added a multispeed gearing system to the old bikes so that 

he and others could now ride the modified bikes t.o the top 

of the mountain with relative ease. Mountain biking was 

officially off and running--or in this case, off and biking. 



What was once a localized fad by a young group of thrill 

seekers, has grown into a popular sport which is consuming 

this nation. 

According to Molly Ingram-Trudeau, ~ditor of Bicycle 

Dealer Showcase, @'In 1982, the first year of mass production 

in the United States, ATB@s accounted for 1% of bicycle 

sales, or fewer than 15,000 bikes1@ (Cinque, 1987, p. 184). 

Martin (1989) placed that estimate somewhere in the range of 

7.5 million mountain bike owners in the United States by 

1988. The latest figures, according to an article published 

in Consumerls Report (Mountain Bikes, 1991), estimated that 

the mountain bike accounted for more than half of all 

bicycles sold in the United States in 1990--or approximately 

15 million. Mountain biking has exploded into American 

culture in a very short span of time. The sale of mountain 

bikes has virtually doubled in the past 2 or 3 years, making 

it the most popular choice among new bike owners. 

Need for the Studv 

As quickly as mountain biking has become a nationwide 

fascination, research into the physical demands of mountain 

biking has lagged behind. The concept of muscle specificity 

in testing and training dictates that cyclists should have 

an easy and objective way to measure cardiorespiratory 

fitness while performing their specific sport (Fox, Bowers, 

& Foss, 1988). A quick and inexpensive prediction test of 

aerobic capacity for the average mountain biker would allow 



subsequent test-retest applications for assessing 

improvement fallowing self-paced training programs. 

Various studies have developed submaximal predictions of 

aerobic capacity on stationary cycle ergometers (Astrand & 

Rhyming, 1954; Fox, 1973; Golding, Myers, & Sinning, 1973), 

yet only one study (Tobin, 1982) has been found by this 

researcher to predict aerobic capacity in a field setting 

for cyclists. This study used traditional 10-speed road 

bicycles for the development of a prediction test of aerobic 

fitness. A search of the literature revealed no information 

specifically concerning the development OF a field 

prediction test of aerobic capacity for individuals riding 

mountain bikes, 

Purnose of the Studv 

Therefore. the purpose of this investigation was to 

establish a prediction equation designed to estimate maximal 

oxygen consumption using a 5-mile mountain bike field test 

and selected physiological variables. This investigation 

was designed to establish an equation to predict the aerobic 

fitness of the average mountain biker and in no way was 

intended to assess riding skill. Clearly there exis? 

discrepancies in the technical ability needed for optimal 

handling of mountain bikes in off-road situations (Sewall & 

Fernhall, 1992). 



Assum~tions 

This study had the following assumptions: 

1. Subjects followed the pretest instructions and did not 

eat, take medication, or participate in vigorous 

physical activity within 4 hours prior to each testing 

session. 

2. No subject had any significant metabolic or pulmonary 

abnornalities. 

3. Researcher and specific laboratory and field conditions 

had no adverse effect on the performance of the subject 

(i.e., equipment calibration, equipment fit, field 

testing equipment in proper working order, and weather 

conditions). 

4. The relationship between VO,max and heart rate displays 

a linear respoase to increasing workloads and 

normally reaches maximum values at the same exercise 

intensity that produces maximal aerobic power (American 

College of Sports Medicine, 1991). 

5. Subjects maintained the same level of fitness, health, 

and fatigue between the time of the laboratory test and 

field test. 

6 .  Subjects gave a maximal effort on all tests. 

7. Recorders (testers) offered equal encouragement and 

motivation to all subjects so that a maximal effort 

during both laboratory test and field test were 

obtained. 



Anthropometric measurements were taken accurately and in 

accordance with appropriate measurement guidelines. 

The University of Wisconsin-La Crosse quarter-mile track 

was representative of a typical surface at other sites 

which may be used for the execution of this test. 

Delimitations 

This study had the following delimitations: 

The subjects of this investigation were 36 asymptomatic, 

consenting, male adults (ages 18-37) from the La Crosse, 

Wisconsin area. 

The course for the field test consisted of a level 

quarter-mile loop track at the University of Wisconsin- 

La Crosse. 

Subjects were requested to assume a normal riding 

position on the mountain bike during the 5 mile field 

test. 

Subjects were not allowed to use aerobars during the 

field test if their bike was so equipped. 

Field testing was terminated by the researcher when wind 

speed exceeded 10 miles per hour as measured by an 

Deuta-Werke anemometer. 

Weather permitting, field testing took precedence over 

laboratory testing, therefore adherence to random 

assignment of test order was dictated to some degree by 

weather conditions. 



7. Subjects performed the field test individually to 

decrease possibility of congestion and/or drafting on 

the track. 

Limitations 

The following limitations were used in this study: 

1. Subjects were not randomly selected, but were adult 

volunteers from the La Crosse, Wisconsin area. 

2 .  Subjects were allowed to ride their own mountain bikes 

during the field test so that the derived prediction 

equation would have broad implications. 

Definition of Terms 

The following terms were used in this study: 

Aerobars - are extensions of regular handlebars utilized by 
cyclists to assume a more aerodynamic position, thereby 

reducing drag. 

All-Terrain Bicvcle (ATB) - is a general term that 
encompasses mountain and hybrid bicycles. 

Bodv Mass Index (BMI) - is used to assess weight relative to 
height as a measure of body composition. BMI is calculated 

by taking weight in kilograms divided by height in meters 

squared (wt/ht2) . 



p u  - is a recent variation o f  the same theme as the 

mountain bike. It is intended for less rugged terrain but 

performs better on the road. Different types of this 

machine may have either flat or drop handlebars, somewhat 

less wide-spread gearing range, and less bulky tires (Van 

der Plas, 1991) . 
c Consum~tion (V02max) - is the maximal rate 

at which oxygen can be consumed per minute (expressed in 

ml.kg".min-I or ~/min-I) while cycling on a laboratory 

ergometer. Maximal testing employed a continuous protocol 

with two minute stages and progressive workload increases 

until volitional exhaustion, Oxygen consumption was 

considered maximal if two of the following three criteria 

were achieved: (a) leveling off of oxygen consumption 

despite an increase in work (Taylor, Buskirk, & Henschel, 

1955); (b) respiratory exchange ratio (RER) greater than or 

equal to 1.0; and (c) heart rate no less than 15 beats t?low 

age predicted maximal heart rate. 

Metabolic Eauivalent (MET) - is a measure used to express 
the energy or oxygen cost of exercise (Fox et al., 1988). 

Mountain Bike - is a multiple speed bike with a very wide 
range in gearing, a rather upright riding position due to 

the use of flat handlebars, and fat high-pressure tires (Van 

der Plas, 1991). 



Off-Road - is a general term used for describing officially 
designated, and legal, bicycle riding trails throughout the 

United States. 

Racina Bike - sometimes called wpro" bikes, are lighter and 
more responsive, or quick-handling, than sport bikes. 

Because of their steeper frame angles and narrower tires, 

they feel stiff and slightly harsh to ride compared to sport 

bikes. Gearing is usually appropriate for strong, 

experienced cyclists (Lerher, 1988). 

Res~iratorv Exchanae Ratio (RER) - is the ratio of the 
volume of carbon dioxide expired per minute to the volume of 

oxygen consumed during the same time interval (Fox et al., 

1988). An R value greater than unity was used in this study 

as a criterion measure of maximal effort. 

SDort Bike - comprise the #*happy mediumgg between touring and 
racing bikes--they are moderately responsive, comfortable, 

and reasonably lightweight. Their gearing is low enough for 

beginning and intermediate riders (Lehrer, 1988). 

Tourina Bike - is a high quality conventional derailleur 
bicycle with the addition of some utilitarian accessories, 

such as fenders, luggage rack, and lighting. The tires have 

greater cross section and more tread than the racing bike, 

yet less extreme than the mountain bike (Van der Plas, 

1991). 



. . u t l o n a l  Road Bike - is a general term for a bicycle with 
the classic drop handlebar position. Racing and touring 

bicycles are included in this category. 

Yolitional Test - a testing procedure that allows the 
subject to terminate testing at perceived maximal aerobic 

capacity an the cycle ergometer. 



CHAPTER I1 

REVIEW OF RELATED LITERATURE 

Introduction 

The measurement of maximal oxygen consumption (V0,max) 

is generally considered the best indice of cardiovascular 

fitness, and has been established as such by many 

researchers (Astrand & Saltin, 1961; Cooper, 1968; Fox, 

1973; Mitchell, Sproule, & Chapman, 1958; Taylor et al., 

1955). Once established, V0,max can be expressed in liters 

per minute (Lmin), millimeters per kilogram of total body 

weight per minute (ml.kg-'.min"), or as stated by Buskirk and 

Taylor (1957), in millimeters per kilogram of lean body mass 

per minute (ml.kg~~~-'.min") . As Cooper (1968) elaborated, 

although the last of the three is preferred, it is 

technically difficult to accomplish and V0,max usually is 

expressed in ml,kg-'.min". 

There are some however, who disagree with the position 

that V0,max should be used as the best indicator of aerobic 

fitness. In a recent publication by Noakes (1988), "debatew 

surfaced regarding the value of V0,max testing. Noakes 

raised questions, to be answered by the reader, as to the 

true role V0,max has in the determination of cardiovascular 

fitness. Noakes postulated that instead of the limiting 

factor to maximal exercise performance being of a 



cardiovascular or respiratory nature, perhaps the limiting 

factor might well be muscular contractile function. 

With all arguments aside however, the determination of 

V0,max by way of open-circuit spirometry is still the "gold 

standardtt accepted by most exercise physiologists and 

certainly the most commonly measured parameter in the 

determination of cardiovascular fitness. 

Certain drawbacks to maximal testing do exist however. 

The measurement of V0,max requires a very exhaustive effort 

of physical work capacity on the part of the subject. 

Thereby, motivation can play a key role in the achievement 

of actual maximal values (Cooper, 1968; Katch 61 Henry, 1972; 

Washburn & Montoye, 1984). A well equipped laboratory with 

accurate measurement capacity is a prerequisite, and 

although modern technology has made the procedure easier for 

the examiner, a good deal of work and skill are still 

required to assess maximal oxygen consumption. 

Therefore, other than in applied research settings, 

maximal exercise testing as a determinant of V0,max has 

limited transferability to the general public sector. In 

response, researchers have developed various submaximal and 

maximal field prediction tests of V0,max. These prediction 

tests are easier on the subject and examiner but do have a 

tendency for less than perfect prediction. The key in all 

of these prediction equations is to balance ease of 

administration without sacrificing validity and reliability. 



In accordance with work completed by other researchers, 

the purpose of this investigation was to develop an 

alternative method for the estimation/prediction of V0,max 

in a field setting for the sport of mountain biking. This 

chapter will examine information regarding how maximal 

oxygen consumption is related to cardiovascular fitness, an 

abbreviated history of V0,max testing, problems associated 

with V0,max testing, as well as variables which affect V0,max 

testing. Submaximal and field prediction tests of V0,max 

will also be examined. 

Maximal Oxvaen Consum~tion 

Related to Cardiovascular Fitness 

Astrand and Saltin (1961) indicated that a measurement 

of the maximal oxygen uptake (aerobic work capacity) of 

subjects performing hard physical work can give the maximal 

rate of energy combustion within the body. They stated: 

If it is assumed that the cardiac output increases 
linearly with the increase in oxygen uptake, the maximal 
uptake of oxygen also indicates the function of the 
circulation and the heart. (p. 971) 

Cooper (1968) stated that the assessment of oxygen 

consumption during exhaustive work is not only the best 

single physiological indicator of the capacity of a man for 

sustaining hard physical work, but it is also the most 

objective method by which one can determine the physical 

fitness of an individual as reflected by his cardiovascular 

system. 



The measurement of maximal oxygen intake (V02max) 

determines an individual's cardiorespiratory and muscular 

capability for the transportation and utilization of oxygen. 

AS McConnell (1988) points out, if this transportation is 

limited by a pathologic condition or an inactive lifestyle, 

V0,max will be reduced from expected values. 

Bistorv of V0,max Testing 

V0,max testing has taken many forms in the past. The 

most commonly used laboratory method for the determination 

of maximal oxygen consumption has traditionally been walking 

or running on a treadmill, or cycling on a bicycle ergometer 

while the researcher directly measures oxygen volume and 

content from a sampling of expired air from the subject. 

Robinson (1938) was one of the first to describe and 

detail a maximal test of the cardiorespiratory system. The 

test described by Robinson consisted of running on a 

motorized treadmill until volitional exhaustion. A 15 

minute warm-up at 3.5 MPH and 8.6% grade was used to prepare 

the subject for the physical demands of the examination 

itself. Following the warm-up and a 10 minute rest period, 

the subject was tested with a 2-5 minute bout of treadmill 

running as the examiner increased the speed of tho treadmill 

until the subject achieved volitional exhaustion. No 

specific speed selection criteria was given by Robinson. 

Cureton (1951) also developed a maximal exhaustion test 

of the cardiorespiratory system. Unlike Robinson's earlier 



test, Cureton did not allow his subjects to warm-up prior to 

the execution of the test. Cureton did, however, make a 

distinction between untrained and trained subjects for the 

selection of treadmill speed. Cureton's test consisted of 

having untrained subjects run 7 MPH at 8.6% grade, and 

trained subjects run 10 MPH at 8.6% grade until complete 

exhaustion or falling off of the treadmill. The average VO, 

for the entire run was used as the maker of V0,max. 

In another attempt, Balke and Ware (1959) constructed a 

test of maximal aerobic capacity based on cardiovascular and 

respiratory responses to increasing workloads on the 

treadmill. The test initially started with the subject 

walking 3.5 mph and 0% grade. After the first minute, the 

treadmill was raised 2% and from then on, 1% every minute 

until the subject's heart rate reached 180 bpm. Balke and 

Ware concluded that as an individual reaches a heart rate of 

180 bpm, certain physiologic responses exhibit themselves 

which suggest the attainment of maximal effort. The various 

responses described by Balke and Ware included a rapid rise 

in respiratory frequency and minute volume, a respiratory 

quotient which exceeds unity, and blood lactate levels 

rapidly elevating. 

It was perhaps the work of Taylor et al. (1955) that 

brought maximal aerobic fitness testing to the forefront. 

As developers of a new maximal fitness test, these 

researchers took the ideas of their predecessors and 



incorporated them into what was termed loan objective measure 

of cardiorespiratory performanceot. A treadmill version (5 

minute run at 7 mph and 8.6% grade) of the Harvard Fitness 

Test (Johnson, Brouha, & Darling, 1942) was first used to 

determine the starting point for the maximal test. 

The protocol developed by Taylor et al. (1955) was a 

multiple day examination which required a great deal of time 

and effort on the part of both the testt- ?,nd the subject. 

Dependent on the time each subject was able to run on the 

treadmill the previous day, an appropriate speed and grade 

were selected to begin the maximal testing. Direct VO, 

measurements were taken between minutes 1:45 and 2:45 of a 3 

minute run. 

The test was repeated on day three-but with an increase 

in treadmill grade of 2.5% over day two. V0,max criteria 

were met if measured values obtained on day three were less 

than 150 ml 0,.min-' or 2.1 rnl.kg.-'mid from those values 

obtained on day two. A forth and fifth day of testing was 

added until criteria were met for V0,max. A 10 minute warm- 

up run at 3.5 mph and 10% grade was employed by Taylor et 

al. before each test on day two, three, four, or five. 

Mitchell et al. (1958), likewise described a maximal VO, 

treadmill protocol. This protocol compressed the procedures 

of Taylor et al. (1955) into one day rather than three or 

four by adding a 10 minute rest period (discontinuous 

protocol) between three minute bouts of exercise. Subjects 



started running at 6 mph and 10% grade with increments of 

2.5% grade every test period until exhaustion. Gas 

measurements were collected from 1:30-2:30 of each stage 

until a rise of less than 54 ml 0, for two separate runs was 

achieved. 

A test of V0,max described by Saltin and Astrand (1961) 

utilized a prediction of V0,max using the Astrand-Rhyming 

Nomogram (1954), to establish a starting treadmill workload. 

Data obtained in this preliminary examination (6 to 7 

minutes of submaximal work on e bicycle ergometer) were used 

to establish individual treadmill starting speed and 

inclination. After the establishment of a starting speed 

and inclination, the subject walked on the treadmill for a 

preliminary exercise bout approximating 50% of the 

predetermined starting load. Three minute stages with 

increases of 2.67% were used to obtain the highest VO, 

possible. This protocol required a continuous effort to 

volitional exhaustion on the part of the subject and did not 

provide rest periods during the examination. 

The Ohio protocol for the measurement of V0,max was 

later developed by Camalone (1969). As a continuous 

treadmill protocol, the V0,max test used by Camalone did not 

allow subjects to rest between test stages. Subjects were 

given a 5 minute warm-up period (3.5 mph, 10%) before 

starting. Initially, treadmill speed was determined with 

regard to an estimate of the fitness level of each subject 



performing the test. During the examination, treadmill 

speed remained constan,: as the investigator increased the 

grade of the treadmill 2% every 2 minutes until the subject 

met established criteria (volitional exhaustion, heart rate 

> 190 bpm, leveling off or decrease in VO,, respiratory 

exchange ratio (RER) > 1.0, and blood lactate 

> 100 mg%) . 
There are limited specific protocols for the direct 

measurement of Vo2max involving the bicycle ergometer, but 

rather, a larger general pattern that most researchers 

adhere to when using this exercise modality in laboratory 

situations. Moreover, maximal effort bicycle tests employ 

many of the same themes established by developers of 

treadmill protocols. Starting workloads, increment 

increases in workload, and pedal cadences must I1fitN the 

subject being tested. Therefore, there is quite a bit of 

variability from laboratory to laboratory when utilizing a 

cycle ergometer for maximal effort testing. 

The basics of a maximal bicycle ergometer protocol as 

outlined by the American College of Sports Medicine (ACSM, 

1991) call for a llno-loadll warm-up followed by progressive 

increases of 150 to 300 kgmmin" (25 to 50 Watts) every 2 

minutes until exhaustion. As noted earlier, there are many 

ways researchers use these general guidelines for the 

attainment of V02max in their subjects on cycle ergometers. 



Variables Affectina V0,max Testing 

The accurate assessment of maximal oxygen consumption 

(V0,max) can have value as the single, best indicator of 

cardiorespiratory fitn~ss (Cooper, 1968), as a tool to 

evaluate the effectiveness of a training program, or as a 

basis for exercise prescription. V02max testing has taken 

many procedural forms in the past, but all maximal 0, 

testing protocols have basic accepted requirements (ACSM, 

1991; MacDougall, Wenger, & Green, 1991; McConnell, 1988). 

When performing V0,max tests, a large muscle mass must 

be utilized for the elicitation of maximal values. The type 

of work, with respect to rate, resistance, muscle mass used, 

and range of motion, should be identical to the subject's 

competitive activity (Sharkey, 1992). 

The specific exercise modality utilized during testing 

has a definite influence on the determination of V02max. In 

a study of 55 male subjects 19-68 years of age and with 

maximal oxygen uptake of 42-79 ml.kg-'min-', Hermansen and 

Saltin (1969) using a leveling off criteria for the 

determination of VO,max, showed a 0.28 lmin (7%) higher 

oxygen uptake during maximal uphill running (5.25% grade) 

than on a bicycle ergometer at 50 revolutions per minute. 

Likewise, McArdle and Magel (1970) reported a 0.324 bmin" 

(9.9%) average reduction in V02max values during bicycle 

work when compared to treadmill work. Work by Glassford, 

Baycroft, Sedgwick, and MacNab (1965) as well as Smodlaka 



(1982) lend support to this premise. The American College 

of Sports Medicine's Guidelines for Exercise Testing and 

Prescription (1991) states that peak V0,max values for cycle 

ergometry are 5-10% lower, and arm ergometry 30-40% lower, 

than those obtained during uphill treadmill running. 

This principle, however, is specific to a subject's 

particular training mode. Highly trained runners should be 

tested in running situations and likewise, highly trained 

cyclists would prefer being tested while riding a cycle 

ergometer (MacDougall et al., 1991). 

Another basic principle of V0,max testing incorporates 

the progression of power output beginning at levels well 

below the expected maximal level to serve as a built-in 

warm-up for the subject. According to McArdle, Katch, and 

Katch (1991), there are definite physiologic advantages 

associat.ed with a proper warm-up before physical activity. 

Included in this premise is an increased blood flow and 

muscle and core temperature which facilitates: 

1) an increased speed of contraction and relaxation of 
muscles; 2) greater mechanical efficiency due to less 
viscous resistance within the muscles; 3) increased 
oxygen utilization by the muscles due to hemoglobin's 
increased release of oxygen at higher temperatures; 4) 
facilitated nerve transmission and muscle metabolism at 
higher temperatures; and 5) increased blood flow 
through active tissues as the local vascular bed 
dilates with higher muscle temperatures. (p. 512) 

The progression of power output increments must be small 

enough to avoid large increases in lactate, and large enough 

so that total test time is not prolonged to the point where 



glycogen stores are depleted. According to the ACSM (1991), 

the test should consist of multiple staged work increments, 

1-3 minutes in duration with a maximal increase of 3 METS 

per stage. The test duration should be no shorter than 6 

minutes and no longer than 15-20 minutes. 

And finally, the test should be strenuous enough to 

require some anaerobic metabolism at maximal effort. The 

magnitude of the required increase in work rate from 

anaerobic sources does not affect the measurement of VO,max, 

but instead relates to the subjects anaerobic power and 

motivation (Holly, 1988). This can be seen during maximal 

effort testing as an RER value greater than unity (> 1.0). 

o q  

The measurement of V0,max does have its limitations. 

According to Fox (1973), the utilization of maximal testing 

is limited mainly hecause the test itself is difficult, 

exhausting, and often hazardous to perform regardless of the 

type of ergometer used. Davies (1968) claimed that it is 

not always possible to obtain the motivation required of 

sedentary subjects, and the physical exertion involved in 

maximal testing may be dangerous to the health of the 

individual. Although rare, there are documented cases in 

which individuals have died during maximal effort tests of 

the cardiorespiratory system. 



Sometimes large populations are required to be tested 

(i.e., military, school system, and large surveys) and the 

time, equipment, and skill needed to measure V02max doesn't 

permit an economical or feasible testing situation (Montoye, 

Ayen, & Washburn, 1986). As Dorociak and Nelson (1983) 

further state, the assessment of maximal oxygen consumption 

utilizes expensive laboratory equipment and requires 

considerable time to test each individual. 

Common complaints individuals have regarding V0,max 

testing by way of open-circuit spirometry include a dry 

mouth caused by the one-way breathing apparatus, intestinal 

and or stomach irritability, as well as difficulties in 

maintaining adequate protocol standards (e.g., cadence and 

speed). 

It has long been recognized by exercise physiologists 

that a simpler, less expensive, and safer way to examine or 

estimate aerobic capacity is necessary in order to alleviate 

some of the common problems associated with maximal testing 

by way of open-circuit spirometry. Therefore, submaximal 

prediction and maximal prediction tests of V0,max have been 

established. 

Also included in this premise are field predictions of 

V0,max. Field prediction tests of aerobic capacity make use 

of protocols outside the laboratory in order to facilitate 

the testing of mass populations. Based on data generated 

from a field setting, relative comparisons between field 



data and previously established laboratory data can be used 

to establish correlation coefficients and standard error of 

the estimate measures. 

The following are examples of such submaximal and 

maximal field prediction tests. 

Submaximal Predictions of V0,max 

Astrand-Rhvmina Nomoaram 

A nomogram for the calculation of aerobic capacity from 

pulse rate during subntaximal work was first postulated by 

Astrand and Rhyming in 1954. Using retrospective data 

gathered on young (18-30 yr), healthy, physical education 

students, they developed a V0,max prediction test to 

simplify testing procedures for the measurement of aerobic 

capacity. 

The nomogram was developed based on the principle that 

heart rate and oxygen uptake increase linearly in a response 

to submaximal work. Astrand and Rhyming (1954) found that 

when an individuals demand for oxygen intake equaled 50% of 

maximal values, the heart rate at 6 minutes of submaximal 

work responded on the average of 128 bpm in males and 138 

bpm in females. They also stated that when their subjects 

worked at a heavier load (70% of aerobic capacity), the 

average heart rate response was 154 bpm for males and 164 

bpm for females with a standard deviation of 8-9 beats per 

minute. Based on these data, the principle of heart rate 

and oxygen uptake linearity was established, and their 



nomogram developed. 

Data from a submaximal cycle test (900 kgm*min-' for 

women, 1,200 for men) obtained on 27 male and 31 female 

well-trained subjects 20-30 years of age, whose maximal 

oxygen intake was previously determined, were used in the 

development of the nomogram itself. A statistical analysis 

of the data revealed a mean difference of 0.023 + 0.039 
(females 0.010 + 0.051) liters 0, per minute between 
predicted and actual V0,max values. 

Separate step test and running data on 18 well-trained 

male subjects 18-19 years of age were also used as a 

validity control by Astrand and Rhyming (1954). The values 

for VO, intake and heart rate during these submaximal tests 

were used to estimate the subjects aerobic capacity. The 

mean difference between calculated and determined maximal O2 

intake was 0.006 + 0.066 Limin-' in the step test, and 0.020 
+ 0.058 ~min-' on the treadmill test. - 

Described another way, Astrand and Rhyming (1954) found 

a mean difference between actual and predicted (nomogram) 

values somewhere between 7-14%, depending on which test was 

used-cycling, stepping, or running. Astrand and Rhyming 

therefore~concluded that the use of their nomogram would 

give a good estimate of aerobic capacity. 

Using-the nomogram requires performing submaximal work. 

A workload for either cycling, walking, running, or stepping 

which elicits heart rates between 120-170 bpm at 5 to 10 



minutes is used to estimate V0,max. A steady state heart 

rate achieved on the test can be plotted against the 

workload selected and an estimate of V0,max is garnered. 

The original nomogram has since been revised to allow 

for the prediction of V0,max in a diverse population and 

across gender. Age correction factors have been developed 

to account for the decline in V0,max as one ages (Fox 

et al., 1988) . 
Since the original development of the nomogram, many 

researchers have examined the reliability and validity of 

the Astrand-Rhyming nomogram. DeVries and Klafs (1965) 

found a significant correlation of r = .74 (p < 0.01) among 

16 males aged 20 to 26 years when they compared V0,max data 

from a bicycle ergometer with V0,max prediction data from 

the Astrand-Rhyming nomogram. 

In a study of 31 female subjects, Williams (1975) found 

that the predictive reliability of the Astrand-Rhyming 

nomogram increased significantly with the number of tests 

administered. Reliability was estimated at r = .64 for the 

completion of a single test, at r = .80 for three tests, and 

r = .91 for six tests. Williams concluded that multiple 

examinations of the Astrand-Rhyming nomogram were needed to 

elicit accurate estimates of V0,max using that particular 

nomogram. 



Rowell, Taylor, and Wang (1964) studied how the 

prediction of V0,max in well-trained athletes verses 

sedentary individuals differed when using the Astrand- 

Rhyming nomogram. Using healthy university students ranging 

in age from 18 to 24 years, Rowel1 et al. concluded that 

there was a marked trend toward improved accuracy of the 

Astrand-Rhyming nomogram with increased degree of physical 

training in the subject being tested. 

ria S t e ~  Test 

Margaria, Aghemo, and Rovelli (1965) also developed a 

nomogram for the estimation of V0,max from submaximal 

exercise data. Using a stepping protocol, Margaria et al. 

developed their nomogram for the estimate of maximal oxygen 

consumption per kilogram of body weight at two separate 

s ~ b ~ ~ ~ d x i m a l  workloads. 

The two workloads selected for a given subject must 

elicit heart rates between 100 and 150 bpm in order to be 

used in the nomogram. For routine tests in adults, Margaria 

et al. required their subjects to step up and down on a 40 

centimeter high bench at frequencies of 25 and 15 cycles per 

minute. In their analysis, these stepping frequencies 

corresponded to VO, values of 32.4 and 22.0 ml.kg-'min" 

respectively. 

Actual direct determinations of V0,max were made on a 

number of subjects, both male and female, ranging in age 

from 9-47 years to compare with the data generated from the 



protocol described above. Margaria et al. (1965) concluded 

that the agreement of the two sets of data was acceptable 

for practical work. The difference between the actual and 

the predicted data, in spite of a large variation in subject 

demographics, was determined to be within + 7%. 
Fox Bicycle Test 

A method described by Fox in 1973 for the prediction of 

maximal aerobic power (V0,max) was developed from data 

gathered on 87 healthy, untrained college males. Fox's test 

is based on a linear equation relating directly determined 

(open circuit spirometry) V0,max values to submaximal heart 

rate response recorded via an electrocardiogram during the 

fifth minute of bicycle exercise at 150 watts (900 kg-meters 

per minute). 

The equation generated by Fox (1973) was considered to 

be valid, accurate, and easy to use. The regression 

equation, standard error of the estimate, and correlation 

coefficient were: vo,max (~.min") = 6,300 - 19.26 x H%; 
+ 246 ml.min'' (+ 7.8%) ; and r = .76 (p < 0.001) . - 
Predictions of V0,max made on a group of subjects taken from 

the literature were not significantly different from 

measured values obtained before and after physical training, 

or with age variation. 

The use of submaximal heart rate as a basis for 

predicting maximal aerobic power (before the development of 

Fox's equation) was based on the premise that heart rate 



increases linearly with 0, consumption. The development of 

the Fox equation was new in that it .depended on only a 

single submaximal heart rate determi.~ation and V02max, * 
whereas other prediction equations previously developed 

required multiple submaximal measurements of work rate. 

m C A  Bicvcle Test 

Another prediction test of VOzmax was developed by 

Golding et al. and first appeared in the literature in 1973. 

In a book titled "The Y1s Way to Physical Fitnesst1, Golding 

et al. described a bicycle ergometer test which made use of 

data collected from subjects riding a bicycle ergometer 

during several submaximal workloads. 

This particular prediction test has become quite popular 

with fitness instructors due to its relative ease (compared 

to open circuit spirometry) in administration, and because 

of its widespread adoption by the YMCA. Submaximal heart 

rates achieved during separate workloads are plotted against 

theoretical maximal heart rate values to predict maximal 

aerobic consumption. 

The limiting factor in the design of this test centers 

around the inaccuracy associated with predicting maximal 

heart rate from the equation 220 - a personts age. Maximal 

heart rate from this prediction is generally accepted to be 

only accurate to within + 12 bpm. 



Submaximal Treadmill Walk Test 

In a recent publication, Ebbling, Ward, Puleo, Widrick, 

and Rippe (1991) describe the development of a single-stage 

treadmill walking test to predict V0,max. In an effort to 

develop a submaximal walking test to predict maximal oxygen 

consumption, Ebbling et al. developed their test with the 

principle of specificity of testing and training in mind 

(Sharkey, 1992). It was felt that an estimation of V0,max 

from a treadmill walking test would be more appropriate for 

exercise prescription in nonmedical settings where maximal 

testing may be too exhaustive and expensive. 

Each of 166 (77 males, 89 females) volunteers (20-59 

years) completed three submaximal, 4-minute stages (0, 5, 

10% grade) at a constant walking pace (2.0, 3.0, 4.0, or 4.5 

mph). Following these 4-minute bouts of submaximal 

exercise, each subject was given the choice to continue 

walking or run to maximal levels as the treadmill was 

increased 2.5% every 2 minutes. Heart rate was measured by 

ECG and expired gases collected and analyzed by way of open- 

circuit spirometry. 

Subjects were then randomly assigned to either a 

westirnation" (N = 118) or a "cross-validationw (N = 22) 

group. One female subject from the *testimation*l group was 

exclude from the statistical development of the regression 

equation due to classification as an outlier in the subset. 

Multiple regression analysis (N = 117) to estimate VOzmax 



from the 4-minute stage at 5% grade yielded the following 

equation : 

V0,max = 15.1 + 21.8 x Speed (mph) 
-0.327 x Heart Rate (bpm) 
-0.263 x Speed x Age (yr) 
+0.00504 x Heart Rate x Age + 5.98 x Gender 
(0 = Female; 1 = Male) 

( R ~  = .86; SEE = 4.85 ml.kg-l,min") : 

The researchers then attempted to assess the accuracy of 

the equation using the llcross-validationw (N = 22) group. 

An estimated V02max value was obtained using the above 

equation, and then regressed against the observed V0,max 

value and yielded the following equation ( R ~  = .92): 

Estimated V0,max = 0.15 + 1.03 x Observed V02max 

Ebbling et al. concluded their examination by stating that 

the present examination was a llvalid and time-efficient 

method for estimating V0,max1* (p. 966). 

Maximal Predictions of VQ,max 

C Cv le Eraometrv Graded ~xercise Test (GXT) 

Storer, Davis, and Caiozzo (1990) recently developed a 

maximal prediction equation to estimate V02max using a cycle 

ergometer and multiple linear regression analysis. selected 

physiological variables were used to generate an equation 

thought to be more accurate than other treadmill GXT 

methods. Storer et al. stated that it was preferable to 

predict V0,max from a maximal work rate rather than from 

test duration since V0,max is directly linked to work rate 



but is only indirectly related to test time. It was felt by 

the investigators that the cycle ergometer provided a more 

accurate and easy assessment of work rate. 

Subjects used in this examination were healthy, 

sedentary males (N = 115) and females (N = 116), aged 20-70 

years of age. Each completed a 15 Watt per minute 

incremental cycle ergometer graded exercise test following a 

four minute warm-up at 0 Watts. Independent variables used 

to predict V0,max (m1,min-I) were maximal Watts achieved 

(W,) , body weight (kg), and age (yr) . The following 

separate prediction equations were generated across gender: 

Males (~min") = 10.51(W) + 6.35(kg) - 10.49(yr) + 519.3 
ml.min-' 

(r = .939, SEE = 212 ml.min-I) 

Females (Lmin") = 9.39 (W) + 7.7 (kg) - 5.88 (yr) + 136.7 
ml.min-I 

(r = ,932, SEE = 147 ml.rnin") 

The authors concluded that the results of their study 

indicate that the use of the two derived equations for a 15 

~.min-' cycle ergometry graded exercise test provides an 

accurate estimate of V0,max. 

Field Prediction Tests of V0,max 

I n  

Data gathered on 115 U.S. Air Force male officers and 

airmen (average age = 22 years) were used by Cooper in 1968 

to generate one of the most popular field predictions of 

V0,max. The prediction was generated in order to establish 



an accurate predictor of VOzmax in large populations with 

relative ease of administration. With this in mind, Cooper 

established an objective measure reflecting the physical 

fitness status for an individual using total distance 

covered in 12 minutes on a standard 1/4 mile track, and 

maximally measured V0,max laboratory data. 

The correlation of the field-test data with the 

laboratory-determined oxygen consumption data was r = .897. 

In the words of the author: 

The significance of this relationship makes it possible 
to estimate with considerable accuracy the maximal 
oxygen consumption from only the results of the 12- 
minute performance test. (p. 153) 

The test itself is a measure of how far an individual 

can runlwalk in 12 minutes. Distance is accurately 

determined and then converted to V0,max (ml0;kg-'.min-') 

according to the following regression equation: 

Run/Walk Distance (miles) = 0.3138 + 0.0278 (0,). 

Based on the results of this study, levels of cardiovascular 

fitness were established from the 12-minute walk-run test. 

A male unable to cover at least one mile was classified in 

the very poor fitness category, 1.0 - 1.24 poor, 1.25 - 1.49 
fair, 1.50 - 1.74 good, and 1.75 or more miles as excellent 

(cooper, 1968). 

Over the years, many attempts have been made to 

determine the validity and reliability of the equation. The 



equation has also been adopted by others to allow for the 

accurate prediction of V0,max in older populations, and 

across gender. 

One Mile Walk Test 

In an article published in 1987, Kline et al. describe a 

l-mile walking field prediction test of V0,max. Data 

obtained from 343 healthy adult (males = 165, females = 178) 

subjects 30 to 69 years was used in the development of the 

field prediction equation. Each subject was required to 

complete a maximal oxygen consumption test in the laboratory 

(mean + SD: V0,max = 37.0 + 10.7 ml.kg".min-') and at least two 
separate l-mile track walks as fast as possible. The two 

fastest walks within 30 seconds were used in the 

determination of the prediction equation. 

Multiple regression analysis (best-subsets) revealed the 

following significant predictor variables: track walk time 

(TI) ; heart rate in last quarter mile (HR 1/4) ; age (yr) ; 

weight (lb); and sex (1 = male, 0 = female). The best 

equation (N = 174) from the statistical analysis was: 

V0,max = 6.9652 + (0.0091.WT) - (0.0257.AGE) 
+ (0.5955.SEX) - (0.2240.Tl) - (0.0115.HR 114) ; 
(r = .93, SEE = 0.325 ~.rnin") 

Comparing the actual and estimated VOzmax values from 

the laboratory and field data, Xline et al. cross-validated 

the previously determined equation with a second subgroup (N 



= 169) from the original 343 subjects. Results indicated in 

a correlation factor of r = .92, and standard error of the 

estimate of SEE = 0.325 Lmin-'. In the authorsg opinion, 

the resultant 1-mile walking test was a valid assessment for 

V0,max estimation. 

p $  

Data collected on 45 male subjects (19 - 30 yr) by Tobin 
(1982) were used in the development of a 5-mile bicycle 

field test for the prediction of V0,max. The data are part 

of an unpublished master's thesis from the University of 

Montana-Missoula and appear as the Montana Bicycle test in 

sharky (1992) . 
Using the traditional ten-speed bicycle, Tobin used ride 

time, leg strength, height, weight, and percent body fat as 

predictor variables of V0,max in ml.kg-'.min-'. A multiple 

correlation of r = .81 was established using ride time and 

percent body fat. Other predictor variables did not add 

statistically significant power to enter into the 

prediction. Tobin presented a chart of predicted values of 

V0,max from percent body fat and ride time. The reported 

standard error of the estimate for V0,max was 

+ 3 .64 rn1~kg"~min". - 
Summarv 

This chapter has focused on how exercise physiologists 

have strove to make life for themselves and the subjects 

they work with simpler. The key to research into the 



prediction of maximal oxygen consumption (V0,max) remains 

accepting simpler methodologies which do not sacrifice the 

accuracy of the estimate. 

The relative difficulties and limitations associated 

with maximal testing by way of open-circuit spirometry have 

been presented. The response by researchers' to develop 

various submaximal and maximal field predictors has been 

exhaustive. In general, most widely accepted prediction 

tests of maximal oxygen consumption contain a correlation 

coefficient between r = + .75 - .90 and standard error of 
the estimate measures between 5 - 20%. 



CHAPTER I11 

METHODS AND PROCEDURES 

Jntroduction 

Limited testing procedures exist for the accurate 

prediction of maximal oxygen consumption (V0,max) in a field 

setting for cyclists. The purpose of this investigation was 

to develop a simple, yet accurate, prediction equation for 

the assessment of maximal oxygen consumption with average 

mountain bikers. Selected physiological parameters from 

both a maximal cycle ergometer test in the Human Performance 

Laboratory at the University of Wisconsin-La Crosse (UW-L), 

and a 5-mile heart rate monitored field test were utilized 

in the development of the prediction equation. 

Subjects 

Thirty six male adults, ages 18-37, from the La Crosse, 

WI area served as subjects for this study. All subjects 

were healthy, consenting volunteers who displayed an 

interest in mountain biking. Subject recruitment was 

accomplished through the posting of flyers (see Appendix A) 

on the campus of UW-L and at local bicycle dealerships. 

In order to participate in the study, each subject was 

required to complete an informed consent (see Appendix 8) 

and a general questionnaire (see Appendix C) dealing with 

subject demographics and mountain bike usage. Subjects were 



disqualified from the investigation if any metabolic or 

cardiovascular abnormalities appeared during the informed 

consent process. 

Laboratorv Eaui~ment s~ecifications 

Eraomete~ 

Although designs exist for the modification of the 

standard cycle ergometer, which approximate more closely a 

cyclistvs preferred riding position, szveral researchers 

(LaVoie, Mercer, & Ciolfi as cited in Burke & Newsom, 1988; 

Thoden, 1991) have indicated no significant differences in 

V0,max of subjects tested on a standard cycle ergometer 

versus a sport specific design. Like previous researchers, 

this author concluded that vvaveragevv cyclists need not fear 

laboratory situations which make use of a cycle ergometer 

rather than some modified testing apparatus. 

The Monarch cycle ergometer has typically been the most 

utilized cycle ergometer for the investigation of various 

physiological parameters in cyclists. The relative ease of 

calibration and the ability to equate the cycle ergometer to 

different body sizes make the Monarch easy to use in 

research settings. Also, the upright riding position on a 

Monarch cycle ergometer closely simulates the upright riding 

position of a mountain bike due to the flat handlebars on 

each. 



Due to the nature of this investigation, toe clips 

stirrups/straps were not used. This investigator felt toe 

stirrups and cleated shoes were not considered standard 

equipment used by most average ATB riders. In a study 

conducted by Visich (1988), differences in VO,, HR, 

mechanical efficiency, and physical work capacity were 

analyzed in cyclists (100 or more miles per week) and 

noncyclists (less than 5 miles per week) during the use and 

nonuse of toe stirrups. The results indicated that there 

was little benefit derived from toe stirrups in either 

cyclists or noncyclists when riding at 80 RPM--unless 

coupled with cleated shoes. 

Phvsioloaical Eaui~ment 

For the direct measurement of VOZmax, an automated 

Quinton Q-Plex I gas analyzer (Quinton Instrument Co.; 

Seattle, WA.) was used for the open-circuit gas collection 

and analysis procedure. Accordingly, a 3.002 liter syringe 

(Model 1921--16863-001, Quinton Instrument Co.; Seattle WA.) 

was used in the volume calibration of the Quinton Q-Plex I. 

Barometric pressure of the laboratory setting was 

obtained by way of a Fischer-Scientific barometer. Ambient 

temperature and humidity were determined by the use of wet 

and dry bulb thermometers. Anthropometric measurement of 

weight in kilograms was obtained from a Toledo scale 

distributed by Health-0-Meter. Height was assessed using an 

Accustat GenenTech Stadiometer (GenenTech, TRC; San 



Francisco, CA.). 

Preexercise and exercise heart rates were obtained by 

way of a Polar Vantage XL heart rate monitor (Polar USA 

Inc., Stamford, CT). In a study conducted to examine the 

validity, stability, and functionality of heart rate 

monitors, Leger and Thivierge (1988) concluded that some 

heart rate monitors are valid and stable, llespecially those 

which measure electrical activity of the heart with 

conventional chest electrodesH (p. 157). Although the Polar 

Vantage XL heart rate monitor was not one of the monitors 

specifically tested in this study, a similar monitor (AMF 

Quantum XL) by the same company (Polar, USA Inc.) received 

high validity marks when compared to standard 

electrocardiographic (ECG) measurement. The ability to 

store and retrieve heart rates in memory with the Vantage XL 

heart rate monitor, made it extremely functional for this 

experimental design. 

Laboratorv Protocol 

Each subject reported to the Human Performance 

Laboratory at UW-L for testing. Subjects reported after 

having refrained from food, alcohol, or heavy physical 

activity at least 2-4 hours prior to testing. Subjects 

either came dressed for or changed into the appropriate 

athletic apparel (t-shirt, shorts, and athletic shoes). 

After carefully outlining possible risks of exercise testing 

as established by UW-L, the subject read, understood, and 



signed the informed consent. Any and all questions 

regarding testing risks, benefits, and procedures were 

answered per subject inquiry by the researcher. Following 

the completion of the informed consent and general 

questionnaire, the researcher gave instructions and outlined 

the testing protocol to the subject so that procedural 

variability would be kept to a minimum. 

Before beginning the actual testing of each subject, 

appropriate anthropometrical measurements were obtained on 

each subject. Also, modifications to the seat height on the 

cycle ergometer were made to assure a proper fit. 

Proper seat height was defined by equating the length 

from the top of the seat to the top surface of the pedal 

platform (measured along the seat tube with the crank arm in 

the down position but parallel to the seat tube), to the 

measured distance of the subject's standing inside leg 

length. 

A heart rate monitor was then placed on each individual 

subject. Two separate watches were utilized and attached 

nearby to assure monitor reliability. One watch was then 

placed into memory mode by the investigator before preceding 

with the test. 

Following verification of heart rate monitor function, 

subjects were properly fitted to a Hans Rudolph head support 

with attached Hans Rudolph valve (#2700). A Vacumed 

mouthpiece (#1003) was attached to the valve and the subject 



was asked to place the apparatus in the mouth. Adjustments 

were made to the headgear to assure comfortable fit per 

subject request. The subject was then told to breath 

through the mouthpiece and one-way valve to assure proper 

working order. A plastic collection tube was attached to 

the head support on one end while the other end of the tube 

was attached to the Quinton Q-Plex I for the collection and 

analysis of the subject's expired air. 

At this time, the subject was asked to mount the cycle 

ergometer. Subjects were told to remain in the seated 

position with hands on the top handle grips throughout the 

duration of the test. Subjects were allowed to come up off 

the seat at maximal workloads in order to maintain adequate 

revolutions per minute. An audible metronome and visual RPM 

monitor were used to help the subject maintain proper pedal 

cadence. 

For a second time, the subject was given instructions 

pertaining to the execution of the maximal effort test. The 

use of the rated perceived exertion (RPE) scale (see 

Appendix D) was explained to the subject. Protocol 

specifics were outlined to the subject and a reminder was 

given as to the voluntary nature of the test. 

Following all pretest instructions, the subject was 

asked to begin pedaling the Monarch ergometer at a cadence 

of 60 revolutions per minute. Due to the scope of this 

investigation, a general use pedal cadence was selected, as 



advocated by Thoden (1991). The suggested protocol for 

adjusting cycling ergometer work increments as outlined by 

Thoden (1991, p. 144) is presented in Table 1. 

Table 1. Protocol for adjusting cycling ergometer work 
increments 

Stages Stage times Constant workload kp at 60 rpm 
(min) kp,m".min-' W kp.m".min-' 

Criterion measures used for the termination of testing 

included volitional exhaustion, a leveling off or slight 

decrease in measured VO,max, and/or falling below a 50 RPM 

pedal cadence for more than 10 seconds at a higher pedal 

resistance. 

Following the achievement of criterion measures used for 

termination of the V0,max test, the subject was requested to 

continue pedaling for a duration of 5 to 10 minutes in order 

for the adequate return of the body to preexercise values. 

Gas collection equipment was removed from the subject and a 

printout of gas values obtained from the Quinton Q-Plex I. 

This printout of the results of the V0,max test, along with 

the informed consent and general questionnaire, were placed 



in a file for later evaluation. 

Oxygen consumption was considered maximal if two of the 

following three criteria were achieved: a) leveling off or 

slight decrease in oxygen consumption despite an increase in 

work (Taylor et al., 1955); b) respiratory exchange ratio 

greater than unity (RER 2 1.0); and, c) heart rate no less 

than 12 beats below age predicted maximal HR. 

Exercise heart rates recorded in memory with the Polar 

Vantage XL heart rate monitor were then retrieved by 

downloading the stored information into a computer program 

(Polar HR Analysis Software, Version 3.20A) by way of the 

Polar Computer Interface. These values were also placed in 

the subject's file for later interpretation. 

The researcher gave each subject a separate copy of the 

V0,max test and an accurate explanation of the results. 

Each subject was scheduled within fourteen days for the 

field examination (if the field test had yet to be 

completed) and thanked for their participation in this part 

of the study. 

Field Testina S~ecifications 

Each subject was allowed to use their own mountain bike 

during the field test. This was done to keep the prediction 

equation as general and applicable to the public as 

possible. If the subject did not own their own mountain 

bike, one was supplied to them by the researcher. The 

subject and the researcher both established the proper 



working order (gear shifters, brakes, attainment of 

recommended tire pressure, and proper seat height) of the 

subject's mountain bike before beginning field testing. 

Subjects were not allowed to utilize aerobars during the 

field test if their bike was so equipped. It was the 

researcher's feeling that aerobars would provide an unfair 

advantage, "with air resistance by far the greatest 

retarding force affecting cyclingw (Faria, 1992). Faria 

estimated that when a cyclist assumes a position with the 

torso nearly parallel to the ground, wind resistance can be 

reduced by as much as 20%. This therefore, would allow 

those subjects whose mountain bikes were equipped with 

aerobars an unfair advantage in the time trial. 

.The site utilized for the 5-mile mountain bike time 

trial was an outdoor, quarter mile track at UW-L. The 

quarter mile track surface consisted of Action 400 

polyeurothane. This site was selected because it was 

thought to be representative of other possible test sites 

around the country. Special permission for use of the 

facility was garnered by the researcher from the Facilities 

Director and Head Track Coach before project approval (see 

Appendix E). Subjects were required to ride the 5 miles in 

an outside lane (8th) to preserve the integrity of the 

surface of the track per Facilities Director. 



It is important to note that this field test was a true 

5-mile mountain bike ride, and not a metric 5-mile ride. 

The measured distance of 5 miles was accomplished using a 

Rolatape Distance Wheel (Model X623) 12 inches from the 

irside line of the 8th lane. Each lap in the 8th lane 

measured out at 450 meters from finish line to finish line. 

Through mathematical calculation, 5 miles is equivalent 

to 8,046 meters. Therefore, riding a distance of 5 miles on 

the outdoor track required 17.88 laps in the 8th lane. The 

extra 0.88th of a lap was figured to 396 meters (88% of 450 

= 396). The extra 396 meters required to reach 5 miles were 

measured in the same fashion and added to the 17 laps. A 

small but easily recognized mark, 396 meters from the finish 

line, was made on the track surface to serve as the start 

I point for the field test. 

Wind speed was determined using a hand held Deuta-Werke 

anemometer. Wind speed was collected at the center of the 

track facility before testing. Cancellation of field 

testing resulted if wind speed as measured by a hand-held 

anemometer registered above 10 mph. 

A Fisher stopwatch (catalog # 14-649-7) was used by the 

researcher for the determination of 5-mile test time. 

Field Test Protocol 

Random assignment to testing order in this study was 

determined by weather conditions. Each subject was 

originally scheduled to perform either the laboratory test 



or the field test depending on the weather conditions that 

particular day. With conditions suitable for field testing, 

each subject was escorted to the outdoor track at UW-L. 

Before field testing, subjects were given proper 

procedural instructions for the field test in order to 

lessen intertest variability. Each bike was carefully 

examined by the researcher to assess proper working order 

and recommended specifications for tire pressure and seat 

height. 

Each subject was required to wear a protective bicycle 

helmet while riding on the track. If the subject did not 

have a helmet, one was supplied by the researcher. 

Subjects were requested to assume their natural riding 

position throughout the field test. This was done to 

simulate as closely as possible real riding conditions. 

Subjects were allowed to stand up and pedal during the 

examination if they thought it would decrease their time. 

Each subject was also instructed to use any gear on their 

mountain bike that they thought would allow them to complete 

the test in the shortest amount of time. Switching gears on 

the mountain bike during the test was allowed. 

Each subject was allowed to ride three laps around the 

track before starting the test to serve as a warm-up and 

allow the subject to find a comfortable riding pace. 

Instructions regarding the length of the test, which lane to 

ride in, and where the start and finish lines of the test 



were given to each subject. 

From a standing stopped position, each subject was given 

a 5 second countdown to the beginning of the test. Counting 

aloud, the researcher stated: five, four, three, two, one, 

go. The start of the test was marked by the researcher 

stating go, and by starting the Fischer stopwatch. In order 

to store and retrieve heart rates during the field test, the 

researcher also started the stopwatch on the heart rate 

monitor at the same time. The official 5 mile test time was 

kept and recorded from the Fischer stopwatch. 

As the subject rode around the track at maximal speed, 

each completed lap was marked by flipping a Port a Score 

portable score counter (Flickertail Sports Company; 

Williston, ND). Information regarding lap completion was 

given audibly by the researcher as well as visually from the 

portable score counter. 

Throughout the test, information regarding progress was 

relayed to the subject. Each lap was counted out loud to 

the rider and encouragement provided. The researcher 

signified to the subject when one lap remained in the time 

trial. As the rider crossed the finish line, the researcher 

promptly stopped the hand-held stopwatch and recorded the 

time (to the nearest one-hundredth of a second) on the 

subject's general questionnaire sheet. 

Each subject was told to ride two cool-down laps 

following the completion of the time trial. Following the 



cool-down laps, the researcher stopped the heart rate 

monitor and replayed the stored heart rates through the 

memory replay mode of the watch. These heart rates were 

then recorded on the back of the subject's general 

questionnaire. A permanent record of the heart rates during 

the field protocol was also obtained by later downloading 

the information stored on the watch to the computer by way 

of the Polar Computer Interface. These values were then 

placed in the subject's file and analyzed at a later date. 

An appointment was then made for the laboratory test 

within 14 days. If the subject had previously completed the 

laboratory testing, the subject was generously thanked for 

their participation in the study. 

Statistical Analvsis 

A statistical analysis of the data collected from the 

maximal laboratory and field test was performed. Stepwise 

multiple regression was used on the data for the generation 

of the V0,max prediction equation. Various physiological 

predictors were used as independent and dependent variables 

for the formulation of the best prediction equation. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Introduction 

The purpose of this investigation was to develop a 

simple prediction of V0,max using a 5-mile mountain bike 

test. Testing included a V0,max laboratory test and a 

5-mile time trial field test. The data generated from these 

two examinations were used in stepwise multiple regression 

to develop the best prediction equation from selected 

physiological variables and total ride time. 

Subject characteristics and a discussion of the 

independent variables used in the development of the 

prediction equation (age, height, weight, BMI, years riding 

experience, miles per week, wind speed, heart rate during 

the last 30 seconds of field testing, and 5-mile ride time) 

are presented in this chapter. Oxygen consumption, measured 

in both relative (ml,kg-'.min-') and absolute (~min-') values, 

were used as the dependent variable in separate statistical 

stepwise multiple regression analyses. A summary of all raw 

data from field testing (see Appendix F) and laboratory 

testing (see Appendix G) are presented. 



Subject characteristics 

The physical characteristics of the subjects are 

presented in Table 2. 

Table 2. Physical characteristics of subjects (N = 33) 

Variable Mean SD Range 

Age (yrs) 25.09 4.37 18.0 - 37.0 
Height (cm) 177.93 5.91 167.6 - 191.1 
Weight (kg) 77.58 7.83 64.3 - 89.6 
BMI (wt/ht2) 24.65 2.55 19.3 - 30.1 

From the original group of 36 male adult subjects, 3 

were disqualified from the investigation due to 

noncompletion of either the V0,max test or the 5-mile field 

test (one due to laboratory equipment failure, one due to a 

riding accident during field testing, and one due to 

injuries sustained outside the testing environment). 

Therefore, only those data from the remaining 33 subjects 

were utilized in the development of the prediction equation. 

&!z 
The relatively large standard deviation in age can be 

attributed to the effort to recruit subjects of all ages. A 

wide age range for this study was selected in order to allow 

I for the general application of the prediction equation 



across a large age spectrum. 

The subjects were recruited from a college campus and 

local bike dealerships in the La Crosse, WI area. Many were 

graduate students in the college of Health, Physical 

Education, and Recreation at UW-L. 

p- 

As a combined measure of weight and height, body mass 

index was a valuable addition to subject demographics. A 

mean body mass index of 24.65 in this study can be 

classified in the ggaverage" category according to the 

following guidelines established by Jette, Sidney, and Lewis 

LEAN - - < 20 
AVERAGE = 20 - 24.9 
OVERWEIGHT = 25  - 29.9 
OBESE = > 30 

Mountain Bike Ridina Characteristics 

Specific characteristics regarding the usage of each 

I subject's mountain bike were identified from questions 

included on a self report general questionnaire (see 

Appendix C) . Percentage of Inof f -roadw riding and 

approximate dollar value were included in the general 

questionnaire but not used as independent variables in the 

development of the prediction equation. Data generated from 

this self-report are presented in Table 3. 



Table 3. Mountain bike riding characteristics of 
subjects (H = 33) 

Variable Mean SD Range 

Years riding exp. 2.54 2.43 0 - 10 
Miles per week 44.83 50.17 0 - 200 
Percent Itof f -roadot 23.85 29.74 0 - 95 

Dollar value 609.85 260.87 250 - 1,700 

W r s  Ridina Ex~erience 

The mean years of mountain bike riding experience is 

consistent with sales trends discussed previously. The 

increased sale of ATB's in this country has just recenty 

become a national trend. One outlier (10 years mountain 

bike riding experience) may have influenced the data, 

swinging the mean and standard deviation in an upward 

direction. 

Total miles of mountain bike riding per week was 

assessed in order to specifically quantify the riders as 

Vrainedto or "untrainedw using the criteria established by 

Visich (1988). The average miles per week, as reported by 

the subjects on the general questionnaire, falls within the 

middle range of Visichts criteria of more than 100 miles per 

week for trained subjects and less than 5 miles per week for 

untrained subjects. 



The standard deviation for miles of riding per week was 

greater than the mean miles riding per week in this 

investigation. These data are representative of the 

decision to also include those subjects who displayed just 

an interest in mountain biking as one of the entrance 

criteria for the study. 

percentaae of "Off-RoadN Riding 

It was interesting to examine from the self-report 

questionnaire the percentage of ttoff-roadtt riding. A mean 

percentage of "off-roadw riding reveals that the mountain 

bike owner's in this investigation did much of their riding 

on city streets rather than ttoff-roadm trails. 

The rather large standard deviation in ttoff-roadw riding 

percentage is once again suggestive of the decision to 

develop the test for the "averagett mountain bike rider. In 

looking at these data, riders at the top of the list in 

miles per week were also those more apt to be riding in more 

"off-roadtt situations. This is once again suggestive of the 

decision to allow those subjects just displaying an interest 

in mountain biking for inclusion in the study. 

Dollar Value 

A mean price per mountain bike from self-report reveals 

that the mountain bikes used in this investigation were of 

an average price level. The price range depicts a price 

structure from relatively inexpensive to very expensive, 

custom-made bicycles. In all, ten different manufactures of 



mountain bikes were represented in this investigation. A 

breakdown of numbers and manufacture brands are given in 

Table 4. 

Table 4. Mountain bike numbers 
and brands (I = 33) 

Number Brand 

Diamond Back 
GT 
Specialized 
Trek 
Cannondale 
Gary Fisher 
Giant 
Bianci 
Bridgestone 
Schwinn 

Wind SPeed 

According to Faria (1992), "air resistance is by far the 

,;eatest retarding force affecting cycling. Drag is a major 

impediment to riding speed only when it exceeds 10 mphw 

(p. 55). Mean wind speed was recorded from stationary 

conditions during the mountain bike field testing. Actual 

air resistance speeds were not measured in this 

investigation. It is suspected however, that air resistance 

speeds were above the drag limit suggested by Faria. 

All recorded wind speeds were below the established 

field test termination level of 10 mph. The oval track used 



in this investigation did subject the rider to both head and 

tail-winds. The actual measurement of air resistance was 

beyond the scope of this investigation. 

Ride Time 

Mean time to complete the 5-mile mountain bike ride 

equaled 16.26 minutes with a standard deviation of 1.26 

minutes. The range of times to completion was 14.61 minutes 

for the fastest rider and 19.73 minutes for the slowest. 

Heart Rate in Last 30 Seconds 

A mean heart rate during the last 30 seconds of field 

testing was also included in the attempt to predict V0,max. 

Although this variable did not enter into the prediction 

equation from stepwise multiple regression, it is 

interesting to note that the mean heart rate during the last 

30 seconds of field testing was 97% of peak heart rate 

achieved during maximal laboratory testing. This 

information suggests that the subjects gave a near maximal 

effort during field testing. 

Laboratory Test Data 

Haxima1 Oxvaen Consum~tion 

As a measure of aerobic fitness, mean V0,max values 

obtained in this investigation (see Table 5) place the 

subject group in the "very goodw aerobic norm category 

(using mean age) established by Shvartz and Reibold (1990). 

When comparisons are made between mean V0,max values 

obtained in this study and other studies which define 



wtrainedw cyclists (LaVoie et al., 1988; Visich, 1988), 

V0,max values are lower in this group of subjects. Measured 

maximal values obtained from laboratory testing are 

presented in Table 5. 

Table 5. Physiological response to V0,max tests 
(I = 33)  

-- - 

Variable Mean SD Range 
pp -- - - -- - - 

HR max (bpm) 189.00 8.40 173 - 203 
RER max 1.20 0.07 1.07 - 1.33 
VO, (ml,kg".min-') 53.04 6.62 39.1 - 66.0 

mu!ax 
Mean maximal heart rate achieved by this group of 

subjects during laboratory testing falls within + 12 beats 
per minute from predicted using the equation 220 - age. 
Therefore, this evidence is used in supporting the data as 

truly maximal. 

BlzILmx 

Mean maximal respiratory exchange ratio (RER) achieved 

by this group of subjects also supports the concept of 

maximal effort. An RER value greater than unity (RER 2 1.0) 

is an accepted criterion measure used by many exercise 

physiologists to determine maximal effort. 



Rearession Analvsis 

Correlation matrixes were determined for each separate 

dependant V0,max variable (ml kgv'.min" ; L min") and appear in 

Tables 6 and 7, respectively. 

Stepwise multiple rey~ession was performed using BMDP 

statistical software on each dependent variable (V0,max in 

both ml kg" min-' C ~min") . Age, height in inches (HT) , 
weight in kilograms (WT), body mass index (BMI), wind speed 

in mph (WS), heart rate in the last 30 seconds of field 

testing (HR), years riding experience (YRS), miles per week 

(MLS), and 5-mile ride time in minutes (RT) were used as 

independent or predictor variables. The order in which the 

variables were entered was determined by the partial 

correlations between each predictor and the dependent 

variable. At each step, an F-to-enter and F-to-remove value 

was calculated until adding another variable into the 

equation did not add statistically significant predictive 

value to the equation. The minimum acceptable F-to-enter 

value was equal to 1.00, and maximum F-to-remove value was 

equal to 0.90. An F-ratio, and its statistical 

significance, was determined from the increment in R~ 

resulting from the entered variable. 



Table 6. Correlation matrix of predictor variables using 
V0,max in ml.kg-lapin-' (N = 33) 

AGE HT WT BMI WS HR YRS MLS RT V02 

AGE 

HT 

WT 

BMI 

WS 

HR 

YRS 

MLS 

RT 

v02 

' Note: Regression coefficients for variables in the equation are 
indicated by an asterisk 



Table 7. Correlation matrix of predictor variables using 
V0,max in ~.min-' (N = 33) 

AGE HT WT BMI WS HR YRS MLS RT V02 

AGE 1.00 

HT -0.20 1.00 

WT 0.07 0.27 1.00 

BMI 0.19 -0.37 0.79 1.00 

WS -0.01-0.70 0.12 0.17 1.00 

YRS -0.20 0.32 0.13 -0.08 -0.17 0.12 1.00 

MLS -0.30 0.19 -0.24 -0.34 -0.02 -0.04 0.24 1-00 

RT 0.15 -0.25 0.18 0.33 0.21 0.16 -0.26 -0.53 1-00 

V02 -0.15 0.41 0.40' 0.12' 0.02 -0,Ol 0.20 0.19 -0.55' 1.00 

' Note: Regression coefficients for variables in the equation are 
indicated by an asterisk. 



Table 8 provides a summary of each step in the multiple 

regression analysis using V0,max in ml.kg-'.min-' as the 

dependent variable and the above mentioned predictor 

variables. 

Table 8. Summary of ste wise multiple regression using 
Vqmax in ml.kg%in-I as the dependent 
variable (N = 33) 

Variable r R' df F-to-enter F-ratio 

Step X 1  (RT) .68 .47 1 , 3 1  2 7 . 1 1  27.11'  

step #2 (BMI) -74 . 55  2,30 5 . 5 1  18.28' 

' p < .O1 

The analysis was terminated following the second step 

due to the F-to-enter value of the next variable being 

insufficient to add statistically significant value to the 

equation. The next variable in this equation would have 

been wind speed (F-to-enter = 0.83). 

Therefore, the following prediction equation can be 

elicited from this stepwise multiple regression analysis: 

VO'rnax (ml.kg-'.min-') = 122.05 - 0.79 (BMI) - 3.05 (RT) 

(r = .74;  SEE = 4 .59)  

A summary of each step in the multiple regression 

analysis using ~min-' as the dependent variable and the 

above mentioned predictor variables is presented in Table 9. 



Table 9. Summary of stepwise multiple regression using 
V0,max in ~min-I as the dependent variable 
(N = 33) 

Variable r R~ df F-to-enter F-ratio 

Step#l (RT) .55 .30 1,31 13.15 13.15' 

Step #2 (WT) . 7 1  .55 2,30 16.50 18.12' 

step #3 (BMI) .75 .56 3,29 1.02 12.42' 

The analysis was terminated following the third step due 

to the F-to-enter value of the next variable being 

insufficient to add statistically significant value to the 

equation. The next variable in this equation would have 

been wind speed (F-to-enter = 0.68). 

Therefore, the following prediction equation can be 

elicited from this stepwise multiple regression analysis: 

V02max (~.min-') = 5 . 7 0  + 0.04 ( W T )  - 0.04 (BMI)  
- 0.24 (RT) 

(r = . 7 5 ;  SEE = 0.36) 

Following the development of each prediction equation, 

the first of the two (V0,max in ml.kg-'.min-') was selected due 

to the relative ease in calculation. The second of the two 

prediction equations (V0,max in Iimin-') stepped in both 

weight and body mass index as predictor variables. Since 

body mass index is in itself associated with body weight, 



this equation was not selected. The following discussion 

deals strictly with the first equation. 

As can be seen from Table 8, body mass index and 5-mile 

ride time both contributed significantly to the prediction 

of VO,max, with R2 = 0.55 at the second step. In this 

prediction equation, 45% of V0,max was not accounted for by 

the predictor variables. An anaerobic power measure, actual 

air resistance values, tire rolling resistance, and percent 

body fat are other variables which might have correlated 

significantly with V0,max and increase RZ but were not 

measured in this investigation. But one of the driving 

forces behind this study was to keep the prediction as 

simple as possible for the mountain bike rider. Although 

the correlation coefficient for the equation was not as high 

as expected, the resultant equation does provide a simple 

field test for estimating V02max in male mountain bikers. 

A chart presenting predicted values of V02max from body 

mass index (BMI) and 5-mile ride time (RT) is presented in 

Appendix H. One can find their predicted V0,max by locating 

their ride time on the vertical axis and intersecting it 

with their body mass index on the horizontal axis. It 

should be noted that these predicted values are appropriate 

only for individuals (i.e., males, etc.) with similar 

characteristics as the subjects from which the values were 

derived. 

i - 



prediction Eauation Com~arisons 

It is interesting to note how the V0,max prediction 

equation derived from this study compares to other V0,max 

prediction equations. The first comparison made is between 

this study and a study conducted by Tobin (1982), which now 

appears in Sharkey (1992) as the Montana Bicycle Test. That 

comparison begins with Table 10. As can be seen, the 

present study falls short in predictive value when compared 

to Tobin (1982). In reviewing the actual unpublished 

master's Thesis from Tobin (1982), one is not able to locate 

a specific SEE measure or the actual prediction equation. 

Table 10. A comparison of the present study to the 
Montana Bicycle Test 

Study N r R* SEE 

Present Study 33 .74 .55 4.49 

Tobin (1982) 4 5 .81 .65 ? 

There are many dissimilarities between the two studies. 

The track used by Tobin (1982) was described as a 0.714-mile 

oval street with light automobile traffic which required 7 

laps to complete the 5-mile ride. The present study made 

use of a standard 400 meter oval polyeurothane track 

requiring 17.88 laps to complete the 5-mile ride. Along 

with other possible variables such as a higher rolling 

resistance, and the up-right riding position required in 



mountain biking, the extra turn requirement of this study 

may have added to the increase in 5-mile ride time (mean RT; 

Tobin 14.01 minutes, present study 16.26 minutes). 

This study allowed each subject to use their own bike as 

opposed to Tobin (1982) which made use of three standardized 

bikes. The ability to control this variable probably added 

to the better predictive value of the Montana Bicycle Test, 

but takes away from making the test functional. 

On a larger scale, Tables 11 and 12 are used to 

illustrate a comparison between this investigation and an 

abbreviated list of other prediction equations. V0,max 

prediction equations in ~min-' have been included even 

though equation in present study has been described in 

Table 11. Summary of V0,max prediction equations using 
~.min-' 

Study N Age Sex V0,max r SEE 
(Yr) ( ~ . m  in" ) 

Astrand 27 18-30 M 4.10 
& Rhyming 31 F 2.87 

(1954) 

Cooper 115 17-52 M - .90 - 
(1968) 

FOX 8 7 17-27 M 3.15 + 0.37 .76 - 
(1973) 

Kline 174 30-69 M,F 2.62 + 0.90 .93 0.33 
et al. 
(1987) 



Table 12. Summary of V0,max prediction equations using 
ml.kg-'.min-' 

Study N Age Sex V0,max r SEE 
(yr) (ml.kg-'.min-I) 

Present 3 3 18-39 M 53.04 + 6.62 .74 4.59 

Ebbeling 117 20-59 M,F 42.40 + 12.9 .96 - 
et al. 
(1991) 

FOX 87 17-27 M 43.70 2 5.2 - - 
(1973) 

Kline 174 30-69 M , F  36.50 + 10.6 .88 5.00 
et al. 
(1987) 

Tables 11 and 12 are included to show how the results of 

the present study compare with other common V0,max 

prediction tests in terms of numbers of subjects, age range, 

fitness levels, and predictive accuracy. 

Summarv 

The results of this study provide a V0,max prediction 

equation which is a simple (time for 5-mile cycling test and 

Body Mass Index) field test for estimating aerobic fitness 

in male mountain bikers. The prediction equation is 

presented in Table 13. 



Table 13. VOzmax prediction equation for 5-mile 
mountain bicycle test (N = 33) 

Dependent Variable Prediction Equation 

(r = .74; SEE = 4.59) 

This prediction equation is lower in predictive accuracy 

than other common V0,max equations due to variables 

associated with outdoor field testing. The equation is, 

however, simple to use for the assessment of aerobic fitness 

before and following mountain bike training programs. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The purpose of this study was to develop a simple, yet 

I accurate, prediction of aerobic fitness (V0,max) using a 5- 

I mile mountain bike test. The focus of this study centered 

I strictly on the prediction of aerobic fitness for 

I recreational mountain bikers, and in no way was intended to 

assess mountain bike riding skill. 

Thirty-three recreational mountain bikers from the 

La Crosse, WI area completed all testing required for this 

research project. The subjects averaged: 25 yrs of age, 

70.0 in, 77.6 kg, 24.7 BMI, 53.0 ml.kg",min-', 4.10 ~min-', 

2.54 yrs riding experience, and 44.8 miles per week. Each 

subject performed one V0,max test on a Monarch cycle 

ergometer at the UW-L Human Performance Laboratory. A 

second, outdoor field test, was also completed by each 

subject. This test involved a maximal effort, 5-mile 

mountain bike ride for time. The site utilized for the 

5-mile time trial was an outdoor, Action 400 polyurethane, 

quarter mile track at UU-L. 

Data generated from these tests were used in stepwise 

multiple regression to formulate the best prediction 

equation from selected physiological variables and total 

67 



ride time. The following VOzmax prediction equation was 

developed: 

V0,max (ml.kg".min-I) = 122.05 - 0.79 (BMI) - 3.05 (RT) 

(r - .74; SEE = 4.59). 

Conclusions 

The practical utility of V0,max prediction equations 

have, in the past, been evaluated on four levels: 1) 

accuracy and validity of the prediction; 2) ease and 

convenience of the testing protocol; 3) relative risk of 

injury to the subject; and 4) generalized application to a 

broad population (Kline et al., 1987). 

This equation generated a correlation coefficient (r) of 

.74, with a standard error of the estitate (SEE) of 4.59 

ml.kg-'.mins'. In comparison to other prediction equations of 

VO,max, the present study falls short in anticipated 

predictive accuracy. A slightly higher correlation 

coefficient would lend more power to the prediction. 

Perhaps some other variable not accounted for in this 

investigation plays a role in detracting from the predictive 

accuracy of this study. 

Due in part to subject recruitment, weather, and time 

constraints, no cross-validation was performed on this 

equation. To lend credibility to prediction equations of 

VO,max, measures of cross-validation should be carried out. 

An unusually wet and windy summer in Western Wisconsin 



coupled with the limited time basis for use of the outdoor 

track facility at UW-L played a role in the cancellation of 

some scheduled field testing. Therefore, all subject data 

collected were used in the generation of the prediction 

equation itself. 

The ease and convenience of this 5-mile time trial with 

mountain bikes met desired expectations. A standard quarter 

mile loop track, with components similar to the outdoor 

track at UW-L, can be found in many cities and universities 

across the country. Special permission for facility usage 

is advisable before attempting testing. No complicated 

measures such as percent body fat or heart rate 

determination are needed in carrying out and computing the 

prediction test. The only required numbers for computation 

are ride time (RT) and body mass index (BMI). 

As with other prediction equations of VO,max, the 

present investigation does carry some risk to individuals 

attempting to complete the test. This is a maximal effort 

ride for time, and therefore should be approached with some 

caution in populations with low functional capacities. 

Participants are also subjected to high speed while riding, 

and should be cautioned to injury that might incur from a 

fall. This prediction test of aerobic fitness does require 

all subjects to wear a helmet during field testing. With 

proper planning and supervision, risks associated with 

injury during testing are similar or even less than normal 



mountain biking conditions. 

Lastly, on a broad spectrum, the general application to 

a wide population has not been compromised. The present 

prediction equation allows for a large age range (18-37), 

wide aerobic fitness level (39.1 - 66.0 ml,kg".min-') , is 
relatively inexpensive (after the purchase of the mountain 

bike), and the results may be used for various purposes. 

The main use of this prediction test should be for the 

periodic assessment of aerobic fitness before, and following 

mountain bike training programs. 

Also, with the recent advent of mountain bike police 

patrols in large and small cities across the United States, 

this test/equation may also be used as an adjunct in officer 

selection to these patrols. The present prediction test may 

be used as a substitute to traditional running prediction 

tests of aerobic fitness in this population. 

pecommendations 

Due to the small sample size in this investigation, and 

the relative accuracy of the prediction of VO,max, the 

results of this study can be used as a starting point for 

further investigation. The V0,max prediction equation 

generated from this study applies to males in the age 

bracket who share similar physiological characteristics as 

those used during testing. Future studies dealing with the 

replication and improvement of the test procedure should 

consider the following changes: 



1. A larger sample size and the inclusion of women as 

subjects. 

2 .  Mass testing on as few days as possible to decrease 

field test variability. 

3. The expansion of field testing to two trials, and 

use of the average of the two rides as ride time. 

4 .  A weather climate more conducive to outdoor testing, 

which would allow for a greater ease in data 

collection. 

5. The incorporation of a cross-validation procedure 

for the determination of prediction equation 

validity. 

6. The measurement and inclusion of other variables, 

such as anaerobic work, actual air resistance during 

field testing, tire rolling resistance, and percent 

body fat may generate greater accuracy in the 

prediction of V0,max for subsequent research in this 

area. 

The resulting prediction equation of V0,max from this 

investigation is offered as a simple (time for 5-mile 

cycling test and Body Mass Index) field test for estimating 

aerobic fitness in male mountain bikers. 
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APPENDIX A 

MOUNTAIN BIKE FLYER 



If you are a male 18-39 years old, and have an interest in mountain biking-- 
your help is needed in the development of a fitness test designed specifically 
for mounlain bikers. 

"Helpn -- is defined as riding 5 miles as quickly as possible on the UWL Outdoor 
Track, and also a V02max test in the Human Performance Laboratory. 

What you get--A highly accurate assessment of aerobic capacity, and a personalized 
exercise prescription based on your performance. 

Don't delay -- Give me a call today !!! 

If I'm not home -- leave a message, I'll get back to you !!I 



APPENDIX B 

INFORMED CONSENT 



Informed Consent 

A Five-Mile Mountain Bicycle Test To Predict V0,max 

I voluntarily consent to engage in a 
researcli project to evaluate the functional capacity of my 
cardiovascular system by way of a volitional maximal cycle exercise 
test and five-mile mountain bike ride. 

The maximal cycle exercise test shall consist of riding a 
stationary cycle ergometer in the Human Performance Laboratory. 
The resistance on the ergometer will gradually be increased 
throughout the test, while pedal cadence remains a constant: 60 RPM. 
Also, I will breath room air through a mouthpiece so that my 
exhaled air can be collected and analyzed. Although this test will 
require a maximal effort, I understand that I can stop at any time. 

The mountain bike ride will consist of riding five miles on a 
level quarter mile oval as fast as possible. Assessment of heart 
rate will be accomplished by way of a heart rate monitor. I agree 
to wear a helmet during the field test, and I realize and accept 
the inherent risks of possible injury (i.e. scrapes, cuts, bruises, 
etc.) while riding a mountain bike in a field setting. 

As with any exercise, there exists the possibility of adverse 
cardiovascular changes ( e . ,  dizziness, shortness of breath, 
stroke, and in rare instances death) during the test. However, if 
any abnormal observations are noted, the test will be terminated 
immediately. In addition, I will probably feel tired or sore at 
the end of each test. 

All testing sessions will be scheduled at my convenience. The 
test sessions will be supervised/conducted by Robert Veldhuis who 
is a graduate student enrolled in the Adult Fitness/Cardiac 
Rehabilitation Graduate Program under the direction of N. K. Butts, 
Ph.D. The results of the testing will be thoroughly explained upon 
completion of the test and all data will be kept confidential. I 
do however give permission for the data to be used for research 
purposes. 

I consider myself to be in good health and to my knowledge I 
am not infected with a contagious disease or have any limiting 
physical condition or disability, especially with regard to my 
heart, that would preclude my participation in the tests described 
above. I have read the foregoing and I understand what is expected 
of me. Any questions which may have occurred to me have been 
answered to my complete satisfaction. I therefore voluntarily 
consent to be a subject in this study. Furthermore, I know I may 
withdraw at any time without penalty. 

SIGNATURE OF SUBJECT: DATE : 

SIGNATURE OF WITNESS: DATE : 



APPENDIX C 

GENERAL QUESTIONNAIRE 



Mountain Biking Questionnaire 

A Five-Mile Mountain Bicycle Test to Predict V0,max 

Name : Age : - Height: - Weight: - 
Brand name of mountain bike: Year: - 
Approximate value of bike: 

Type of pedals: Clip less:- Toe straps:- NO Toe 
straps:- 

What do you mainly use your mountain bike for? 

Commuting:- Exercise : - Competition:- 
How many years have you been riding mountain bikes? Years:- 

How often do you ride your mountain bike? 

Approximately how many miles do you ride your mountain bike in a 
week? 

What percentage of these miles are "off-road"? 

Field test starting heart rate: bpm:- 

Field test completion time: MinISec: 

Wind Speed: Mph:- 

Temperature: Degrees F:- 



APPENDIX D 

RPE SCALE 



Rating of Perceived Exertion (Borg Scale) 

6 

7 Very, very light 

8 

9 Very light 

10 

11 Fairly light 

12 

13 Somewhat hard 

14 

15 Hard 

16 

17 Very hard 

18 

19 Very, very hard 

20 



APPENDIX E 

MITCHELL HALL FACILITIES REQUEST 



M E M O R A N D U M  

TO : MITCHELL HALL FACILITIES DIRECTOR 

FROM : ROBERT VELDHUIS: GRADUATE STUDENT--AF/CR 

RE : USE OF OUTDOOR 114 MILE TRACK FOR THESIS RESEARCH 
STUDY 

DATE : MAY 12, 1992 

This is a formal written request for use of the Mitchell Hall 
outdoor track facility. The aim of this research study is to 
develop a simple, yet accurate, field prediction test of aerobic 
fitness with mountain bikes. It is understood that the research 
design will consist of the following stipulations: 

1. A minimum of 30 subjects will complete a 5 mile ride 
at maximal effort - one time each - as the field test. 

2. Only the outside lane (#a) shall be used during the 
execution of the test. 

3. Each subject will use their own mountain bike (similar 
in design to that of the researchers8) - which was 
inspected while riding @ 2:00 p.m. on MAY 12, 1992 by 
Barry Schockmel, Mitchell Hall Facilities Director. 

4. No testing shall begin prior to completion of the 
Wisconsin State High School Track meet - @ or about 
the 2nd week of June 1992, and shall end August 1, 1992. 

5. Every effort shall be made by the investigator to 
preserve the physical integrity of the track surface. 

SIGNATUREOFTHESISCHAIRPERSON: 

SIGNATURE OF MITCHELL HALL FACILITIES DIRECTOR: 



APPENDIX F 

SUMMARY OF RAW FIELD DATA 



Yr Ride 

Individual Field Data 

% Off-Road Ride Time (sec) 



APPENDIX G 

SUMMARY OF RAW LABORATORY DATA 



Subject 

01 
0 2 
03 
0 4 
0 5 
0 6 
0 7 
0 8 
0 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
28 
29 
3 0 
3 1 
3 2 
3 3 

- 
X 

SD 

Individua 

Height Weight 
(cm) (kg) 

Laboratory Data 

" 0 2  VO, BMI 
(ml) (L) 



APPENDIX H 

BODY MASS INDEX AND RIDE TIME CHART 



Prediction of V0,max from a five-mile Mountain Bicycle 
Field Test and Body Mass Index 

To find the predicted V0,max: 

1. Locate the five-mile mountain bicycle field test time to 
the nearest tenth of a minute on the verticle axis. (to 
do this, ride time must first be converted to total 
seconds, and then divided by 60). 

e.g. 15:45 = 945 seconds = 15.75 minutes 

2. Locate the body mass index to the nearest half of a 
percentage point on the horizontal axis. 

BMI = Weight in Kilograms / Height in metersZ 

3 .  Predicted V0,max is at the intercept of the two axes. 

**SEE for vo,max is + 4.59 ml.kg-'.min"** 









BMI 

24.5 25.0 25.5 26.0 26.5 27.0 27.5 28.0 28.5 29.0 29.5 






