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SUBMNAXIMAL EXERCISE TESTING: TREADMILL AND FLOOR WALKING

IAN ABSTRACT

Exercise testing has been used as the basis for

Iexercise prescriptions for a variety of patients. Exercise

tests are performed using standardized ergometers such as a

I treadmill, bicycle, or steps. There have been, however,

several drawbacks to these ergometers which limit their

clinical utility. Tests performed on the treadmill have

been equated to floor walking, although this has not been

conclusively proven. The purposes of this study, therefore,

I were to examine the validity of using level walking as a

submaximal exercise test, and to compare the energy cost of

level treadmill and floor walking.

Thirty male subjects walked over three modes of level

walking-9 segmental, circular, and treadmill walking.

I Seven walking velocities were used on all modes; 26.82 to

107.29 meters per minute (1.0 to 4.0 miles per hour). A

maximal exercise tolerance test was also performed to deter-

mine maximal aerobic power (MAP). Oxygen uptake and heart

rate values were determined at each walking velocity for

I each mode. Multiple regression analysis of MAP versus the

heart rates associated with the walking velocities demon-

strated a reasonably accurate method of predicting MAP.

3 Level walking, therefore, may have possibilities as a

submaximal exercise test. Analysis of variance of the -
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i" linear regression of oxygen uptake versus the square of the

walking velocity demonstrated similar slopes and intercepts

for circular and treadmill walking, but a significant dif-

ference between these two modes and segmental walking.

Level treadmill and circular walking appear similar in

i energy cost, but segmental walking, which requires more

turns, may require greater oxygen uptake.
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CHAPTER I

I INTR ODUCTION

I BakOCrowid of the Study

Energy expenditure has been used to evaluate the

stress an activity imposes upon the Individual. The

energy requirement has been shown to increase as the in-

teasityof the activity Increases, and has been established

Ifor many activities 6 ,27 . The effects of trauma and dis-

ease on functional activities, including walking, have

been assessed in this manner. Energy cost of ambulation

Ihas been studied In Patients who have had corrective

surgery30 , In hemiplegics 4 .,l paraple&vics 9*19 , amputees4e

17,35 and In patients with coronary heart disease22 ,42

as well as In normal subjects5 , 6 , 8 , ol0 13. 1 4 . 1 8 , 2 0 , 2 1 ' 2 4 2 6.

29,31.32,36,38-41. The energy capabilities of an individual

are Important to know In order to provide adequate patient

counseling and exercise training recommendations.

J Accurate assessment of work capacity, expressed as

aerobic power, and the associated heart rate with known work

i loads have been accomplished through graded exercise tests.

The results of such tests are used as the basis for exercise

prescription by providing objective criteria by which a

proper exercise program may be carried out. Care must be

I
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takes to proscribe exercise which 1o not too strenuous as

I to preolpltate problems with the oardiopulmonary or musculo-

skeletal sytems, but strenuous enough to elicit an adequate

I training response. The desirable exercise Intensity is

I Oeml1 ohieved bF working at an appropriate peroentage

of the mximu work capacity as reflected by a certain per-

I oentage of the maximum heart rate achieved, or predicted,

from a xraded exercise test, The graded exercise test may

I also be used at later dates to assess training adaptations.

I Standardized procedures and comparisons of the exercise

tests conducted on the stepping, bicycle, and treadmill

Sergomister, are available6 '21,26 940 . While valid and precise

results are obtained from these testing regimens, certain

I disadvantages have minimized their use In many clinics.

sThe methodology behind the treadmill ergometer, i.e.

valking or jogging, is common to all subjects and the

treadmlll is effective in providing well defined results,

however, size and cost are often prohibitive to crowded

I hospital departments with limited clinical budgets. Noise

is an added disadvantage. The bicycle ergometer tas been

ued extensively in Europe and America. The ergometer is

I braked electrically or mechanically and can be dependent

or Independent of pedaling speed. The price of equipment

I Is again high, but not as costly as the treadmill. However,

undue leg fatigue In subjects who are unaccustomed to such

work In a limiting factor and disadvantage. The step

I
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ergometer Is the least expensive form of exercise testing

apparatus, but for many orthopedically handicapped patients

this mode of activity Is prohibitive. Also, individuals

who are not accustomed to climbing stairs or using tneir

les to any extent, may experience undue muscle strain and

soreness similar to the problems encountered in using the

bicycle ergometer. To insure accuracy of the step ergometer

it Is important to maintain a specific cadence by keeping

time with a metronome. For many this Is difficult to accu-

ratelj achieve, especially for the neurologically Impaired

patient.

Varying amounts of technical skill are also required

for each of these ergometers. These factors limit universal

acceptance and clinical application. A simple method of

evaluating an individual's work capacity without the use

of expensive equipment or the need for exceptional tech-

nical skill would have clinical utility. The necessity for

a simplified test has been recognized and described in the

literature5 9 39,40.

Level floor walking at Increasing velocities could be

used as a submaximal exercise tolerance test. This has

been reported as a favorable approach 5 . Comparisons have

been made between various ergometers and continuous over-

ground walkingl4. 2 2 ,31,40,4.l•

Studies concerned with level floor walking have been

conducted over rectangular or oval courses to maintain a

I
I

.. ....... J.
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continuous pace 5 .6 ,10,20,22,31,32. While this approach

is conducive to measurement of physiological pbrameters and

the attainment of steady state conditions, most clinics do

not have access to this type of continuous walking facility.

I Corcoran and Brengelmanni0 utilized a four hundred foot

course in a long hallway which simulated reasonably well

jthe clinical situation. No reference, however, was mbde to

how their subjects negotiated this course, especially with

Irespect to stopping or turning.
I lalking back and forth, segmentally, in a clinic gym-

nasium or hallway is an alternative method which should be

available to all clinical settings has received little consi-

deration. Two basic factors need to be investigated con-

Icerning whether or not steady state conditions can be
achieved during segmental walking and whether or not dif-

ferences in energy cost between segmental and continuous

walking exist before this approach can be adopted. Since

considerable data has been collected on the treadmill, an

Iadditional consideration is whether or not differences
exist between the energy cost of floor versus treadmill

walking. The present literature does not provide adequate

information.

Statement ot the Problem

The purposes of this study were to investigate the use

of level walking including back and forth, segmental,
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m walking as a submaximal exercise tolerance test and to

clarify whether or not differences in energy cost exist

between treadmill and floor walking.

3 In presenting this study It was found that the pur-

poses could best be achieved by considering and answering

the following related questions:

i 1. How well can maximal aerobic power (MAP) be

predicted from submaximal walking tests?

I 2. Are there differences in heart rate and oxygen

uptake responses to back and forth, segmental,

i continuous circular, and treadmill walking?

i 3. Can steady state conditions be achieved during

back and forth, segmental, walking?

i 4. How well can energy cost be predicted from walking

velocity?

Scope of the Study

I Thirty normal male subjects participated in the study.

Each subject walked at three modes of level walking. Seven

Iwalking velocities were used and were consistent for each
of the three modes. Each subject, also, participated in a

maximal treadmill exercise test to determine maximal aerobic

Ipower. Oxygen uptake and heart rate data were determined
for all velocities for each mode of walking.

IDifferences in energy costs were assessed by unalyzing
the slopes and intercepts of regression lines. The first

I
1



I regression analysis considered oxygen uptake versus the

j square of the walking velocity and the second regression

analysis, oxygen uptake versus heart rate. In addition,

I differences in oxygen uptake were analyzed between each of

the three modes of walking according to walking velocity.

I MAP was predicted from each of the three walking modes,

and an analysis of variance was used to test the differen-

ces between predicted MAP and MAP determined from the max-

imal treadmill test. Multiple regression equations were

generated to predict MAP from heart rate data for different

Iwalking velocities.
Significance of the Study

This study provided insight into a simple procedure of

applying exercise testing objectives in a clinical setting

without the necessity of elaborate equipment. Insight was

gained concerning the question of whether or not differences

Iin energy cost exist between treadmill and floor walking.

I Limitations of the Study

The study was conducted on normal subjects. Extrapo-

I lation of information to patient populations with ambulatory

problems such as the neurologically or orthopedically In-

volved individuals would require additional investigation.

The results of this study may not be immediately applicable

to a clinical setting, but would be a meaningful and neces-

sary stop in a thorough investigation of the problem.

I1
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Definition of Terms

I MeKrY cost. The metabolic requirement of physical

activity is reflected by steady state oxygen uptake (V0 2 ).

For this study It was normalized to body weight and ex-

pressed in terms of milliliters of oxygen consumed per

kilogram of body weight per minute (ml 02/kg-min)3 .

S Maximal aerobic power (4AP). Maximal aerobic power

is the maximal oxygen uptake an individual is capable of

* Iobtaining 3,27 , and Is expressed in milliliters of oxygen

I consumed per kilogram of body weight per minute.

3teady state. The condition in which the oxygen

I supplied by the cardioresplratory system is equal to the

metabolic demands for a given work level 3. The linear

I relationship between heart rate and oxygen uptake justi-

fies the use of heart rate as an Index of steady state

conditions.

Segmental walking. Segmental walking refers to a

method of walking back and forth along a straight walkwayi
of known length. It requires that the walking subject

1 turn in some pivot-like manner rather than continue

walking around a curve as on an oval or circular track.

I
I
I
I

I *
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CHAPTER II

I REVIEW O? LITEMATURE

I The purpose of this chapter is to provide additional

background information related to the stated problems of

I this study. The review of the literature has been divided

I into the following topics: Progressive exercise tests;

energy cost of level walking; level walking as a submaximai

exercise test; and steady state requirements.

Proxressive Exercise Tests

Graded exercise tests are often accomplished to eval-

uate responses to training and/or preventative programs and

to increase individual motivation and adherance to exercise

programs 1 927 . In this context total body energy cost has

I been used as a direct index of exercise Intensity for the

determination of aerobic power. Aerobic power can be

expressed in terms of kilocalories per minute, total oxygen

uptake per minute (VO2 ). or as metabolic equivalents

(METs) 1 .3,27.

It Is generally accepted that energy requirements are

best obtained from these tests by utilizing large, anti-

gravity muscle grcups while performing rhythmical, dynamic

exercise. The specific type of exercise performed depends

upon the ergometer used. The duration of the exercise



depends on the test protocol; whether it Is a maximal or

S8ubmuaxmal design.

The graded exercise test is characterized by starting

Ithe subject at a low intensity workload and systematically
I Increasing the exercise Intensity. The subject's physio-

logical parameters of heart rate, blood pressure, res-

piration, expired air, ECG, and central nervous system

signs of Incoordination and incoherence are often monitored

Iduring the progression of the test. In a maximal test the

workload Is increased until there is no further increase

In oxygen consumption. When this plateau is reached the

test is terminated.

The main advantage of performing the maximum test is

i that a definite maximum aerobic capacity can be arrived

at without calculation. Also, the heart r:ite corresponding

to the maximum aerobic capacity can be nore accurately

I noted.

A test may also be a symptom limited maximum in which

I the progression Is terminated by signs of exercise intol-

erance regardless of whether the oxygen consumption has

plateaued. Included In these signs would be ECG S-T

segment depressions or arrhythmias, abnormal response of

heart rate or blood pressure, or Incoordination and

I incoherence&

The hallmark of a submaximal exercise test Is having

Ian arbitrary stopping point established before the test

I
I
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bn gins. The termination point Is indicated when the

subjeotts heart rate reaches a percentage of the age

predicted maximum, usually in the range of eighty to

I ninety percent. Heart rate has been shown to Increase

with Increased exercise Intensity and hs been demonstrated

to be a valid index of energy cost 5 *8 " 1 2 *I 3 #1 6P1 7 v42 .

I Maximum aerobic power may be obtained by extrapolating out

to the age predicted maximum heart rate when plotted

I against oxygen consumption.

When using age predicted maximum heart rate to pre-

diet maximum oxygen uptake, It must be noted that the

Imaximum heart rate decreases with age. The maximum heart

rate may be estimated by utilizing the charted values given

I by Sheffield 3 or the formula presented by Pox 1 6 , maximum

heart rate equals the difference between 220 and the indi-

vidual's age (max HR = 220 - age). Fox noted that this

Iestimation may be somewhat lower than the actual decline
with age, but it should have little effect on the exercise

Iprescription.

I nerg Cost of Level Walking

The energy requirements of level walking have been

the subject of a variety of studies. The effects of

velocity have been well documented 6 8 1 0 ,1 4 1 7 , 1 8 , 2 0, 2 1 2 2 ,

I 24,25,31,32,36,38,41. Generally speaking these Invest-

Iigations have demonstrated that the energy cost Increases

I

I __
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as the velocity increases. The precise relationship is a

parabolic curve when energy cost is plotted against velocity.

However, when plotted as the second order, with the velocity

squared, the relationship becomes linear 6 ,8 ,10,2,32,41.

This cmparison is evident regardless of the type of sur-

face the subject walks over. Investigations performed on

I a treaduill 7 , 8 s 1 4 , 1 8 , 2 1 , 2 2 , 2 5 , 2 9,31,36,3 8 - 4 1, a continuous

track6 932. the floor 5 ' 1 0" 2 0 ' 2 2 ' 3 1 , and on a roadway l 4.41

I demonstrate similar patterns.

In 1953, Daniels, Vanderbie, and Winsmann14 reported a

comparison of treadmill, road, and cinder track walking.

I The environmental and experimental conditions were not con-

stant since the treadmill tests were performed inside and

I the road and track tests were taken outside at different

temperatures. The subjects wore 46 pound packs for the

roadway comparisons to treadmill walking, and eight pound

armor Vests during the track to treadmill comparisons. In

addition, the subjects wore fatigue uniforms, including

I combat boots* This study demonstrated a nine to ten percent

increase in energy cost of the track and roadway walking

when compared to treadmill walking at similar speeds.

I A factor influencing the energy cost of walking is

the apparel, especially the type of shoes that the subject

is wearing1 5 . Heel height is of importance as it has been

demonstrated that three Inch high heels can cause an increase

I of 10 to 15 percent In energy cost. Also, an additional

M
I. I,.
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I
two and one-half pounds of shoe weight can Increase energy

cost five to ten percent15 . This may be an influencing

faetor in the results noted in the Daniels et .114 study.

I In a better controlled study, Ralston 31 standardized

I the apparel of his subjects and tested them over the floor

and on a treadmill, at two velocities. The complete data

was not presented, as the results for only one of the

velocities were listed. It was explained that the data

I for the other were similar and, therefore, unnecessary to

l include. It was concluded that there was no significant

difference between the two modes of walking.

I Wyndham, Strydom, van Graan, van Rensburg, Rogers,

Greyson, ad van der Walt 39 conducted a study in 1971 which

I was primarily concerned with the effects of weight on the

energy requirements of level walking. While citing the con-

flicting results of the two previous studies, they also

compared level treadmill and floor walking in an attempt to

resolve this controversy. Although the treadmill was not

described In detail, the road on which the walking was per-

formed was described as a flat, tar-macadam composition.

The subjects were measured over three walking velocities.

1 No comments were offered on the subjects attire during the

testa or the experimental conditions under which they were

I held. The results failed to highlight conclusive evidence

In favor of either of the previous two studies. The oxygen

consumption for road walking was significantly higher than

I

I
I ,,, ,,, ., . . . . . . .. _- _ . . _
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the treadmill for the two lower speeds, but not at the

higher speed, 6.4 kilometers per hour. While this agreed

with Ralston's results at a similar velocity, It disagreed

r with the Daniels et all4 study. Wyndham's 39 own conclusion

was that this question remains open to further Investigation.

In summary, It may be said that there is a direct re-

I lation between energy cost and velocity of walking. This

Is a linear relationship if energy cost is plotted against

the squared velocity. However, direct comparisons between

i level floor walking or roadway walking to treadmill values

remains a question.

I Level Walking as a Submaximal Exercise Test

I In 1976, Bassey, Fentem, MacDonald, and Scriven pro-

posed level walking as a form of exercise testing5 . The

I advantages of this method were outlined as being more accept-

able to the elderly, orthopedically involved Individual,

I a familiar form of exercise which does not require training,

and a test which is sensitive to age differences. Further-

more# It was felt that this method was more relevant to the

demands of daily living and a realistic method for long-

Itudinal studies. Conventional tests were not found to be

I satisfactory by the authors as they felt the measurements

i were biased because the fittest subjects were often selected.

The general requirements for a valid exercise test, that the

subjects perform rhythmic exercise with large muscle groups r
II
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over several work levola, ;ol :aet bj this method. Repro-

I ducibIlity Is also an important criteria which was

demonstrated to be present in this procedure.

I Thirty-four subjects were asked to walk at three self-

paced speeds over a rectangular course. Actual velocities

were then calculated from time and distance factors at the

i completion of the trials. Heart rate was the only physio-

logical parameter measured, and this was found to reach

Isteady state on the second lap of the course. These results

Iwere then compared to those obtained from a progressive
exercise test performed on a bicycle ergometer. There was a

I significant correlation between walking heart rate and oxygen

uptake associated with equivalent heart rates determined

I from the bicycle test (correlation coefficient, r = 0.79,

P >0.001). No attempt was made to predict work capacity

nor were any comparisons made with treadmill walking.

Steady State Reauirements

Steady state is an important consideration in exercise

testing. In order to obtain an accurate assessment of the

I body's energy demands, samples of metabolic parameters must

reflect the true metabolic needs at that moment in time.

IThis is what is accomplished by measuring the physiological
data during that period when the energy costs of the body

are being equalized by what the cardiorespiratory system

j provides. This period of balance between energy demands and

I
1
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energy supplied is the steady state condition. This has

been demonstrated with treadmill and continuous floor

walk1ing4 "7 13 ,2 6 . Bassey at al 5 felt they had achievedI1
this even at their low work intensities. Previous

studio.5,6 ,10, 20,22,31 which were concerned with con-

tinuous walking did not assess whether or not physio-

Ilogical steady state could be maintained when turning
around was required.I

I
I
I

1

I

I

I
I

* .



16

I
CHAPTER III

I PROCEDURE FOR OBTAINING DATA

I The procedures involved in conducting the study will

be outlined in this chapter. A description of the subjects,

I the experimental design, test facilities and equipment, the

method, the procedures for data reduction, and the method of

statistical analysis are presented.

Subjects

Thirty normal, young adult males were employed as sub-

jects for the study. A summary of the purpose and procedure

to be used in the study was explained to each subject prior

to their signing a subject consent form, presented in

Appendix A, page 88, and photograph release form, presented

in Appendix B, page 90. A medical history form was com-I
plated by each subject. An example of this form is

k,~ Ipresented In Appendix C, pages 92 to 94. A cardiologist

confirmed from these histories that all subjects were

!healthy and would be able to complete the study.

I Experimental Des ign

The study was based on a treatment by treatment by

subjects design in which all treatments were administered

I to the same subjects2 3. One treatment consisted of the

,II .__
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following seven walking velocities: 26.82, 40.23, 53.64,

1 67.06, 80.47. 93.88, and 107.29 meters per minute. (This

corresponds to 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 miles

per hour. respectively.) The second treatment consisted

I of three modes of level walking (segmental or back and

forth, continuous circular, and treadmill). The design

Is schematically illustrated in Figure 1, page 18. In

addition to this a maximal treadmill exercise test was

I administered to each of the subjects.

Test ?acilities and Equipment

The facilities utilized for conducting this study

included a general research laboratory and a hospital

I auditorium in which a segmental walkway and a circular

walking course were located, respectively. The ec,',ip-

ment and instrumentation used for this study consisted

of a speed control tracking system, a speedometer cane,

a treadmill, electrocardiograph equipment, oxygen uptake

equipment, and a programable calculator.

Walkways. The segmental walkway was located in trie

I general research laboratory. The walkway Is photograph-

ically presented in Figure 2, page 19. The laboratory

I walls bordered the walkway on each end and along one side.

g The fourth side was open to the laboratory. The walkway

was 13.4 meters long and 1.5 meters wide. The walking

surface was a level, tiled floor. Walking velocity was

regulated with an overheid speed control-tracking system.!
I
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30-

Velocities (r/min) WIalking Modes

I = 26.82 1 = SegmentalI2 = 40.23 2 = Circular
3 = 53.64 3 = Treadmill
4 = 67.06I5 = 80.47
6 = 93.88
7 = 107.29

I Figure I

Schematic Illustration ofI Experimental Design
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Figure 2

Segmental Walkway
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I
The circular walking course was located in an open

hospital auditorium. The auditorium Is pictured In Figure 3,

page 21. An 18.4 meter diameter circle was marked off with

I tape on the auditorium floor. The walking surface was a

level, tiled floor similar to the segmental walkway. Walking

velocity was regulated with a speedometer cane specifically

designed for this study.

Speed control-tracking system. An overhead speed

I control-tracking system was developed to regulate walking

velocity on the s3gmental walkway. A detailed description

is Included in Appendix D, page 96. The system consisted

of a continuous urethane plastic chain stretched in a

horizontal loop over the entire length of the walkway.

The chain was supported at either end by metal gear sproc-

kets. A rubber, foam ball was attached to the chain which

Ithe subject followed as he walked along the walkway. The

power for turning the system was provided by a direct

current electric motor connected via a transmission gear

box to one of the sprockets. The electric motor was con-

trolled by a SCR motor control package, which varied the

amount of current to the motor. A meter was incorporated

I into the circuit and was calibrated according to the vel-

ocity of the chain in centimeters per second. A description

of the calibration procedures is included in Appendix E,

page 108. The functional range of the system was 17 to

i 225 centimeters per second.

I
I
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Speedometer cane. Walking velocity on the circular

course was controlled with a speedometer cane which the

investigator or an assistant held as he walked with the sub-

S I ject. The cane is photographically presented in Figure 4,

page 23. A detailed description is presented In Appendix D,

page 99. The cane was instrumented with a revolving wheel

at the tip end and an electronic revolution counter on the

shaft adjacent to the handle and was calibrated In cent-

I imeters per second. The calibration procedures are described

in Appendix E, pae 110.

Tred___l. A Quintona model 18-54 motor driven tread-

mill with variable speed and grade capabilities was used for

level walking and for the maximal exercise test. The tread-

i mill is pictured in Figure 5, page 24. The speed and grade

i ranges were 0 to 10 miles per hoLr and 0 to 27 percent,

respectively, and were calibrated accordinly. See Appendix

E, page 112 for a description of the calibration procedures.

Electrocairdlograph equipment. A radio telemetry system

was used to monitor heart rate. The system consisted of a

model 1500B Hewlett Packardb electrocardiorraph, a model

i 78101A Hewlett Packard FM receiver, and a nine volt battery

i operated Hewlett Packard model 78100A transmitter. The FM

receiver was connected directly to the electrocardlogravh.

a Quinton In5truments, Seattle, Washington 98199

b Hewlett Packard, Cupertino, Callf'ornt 95014

I
I
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I
The transmitter was placed in a cloth pouch which was at-

tached to a cloth belt that was worn around the waist of

the subject. Through experience it was found that the best

I location for the pouch and transmitter was over the sacral

area of the back. This minimized movement of the trans-

mitter and in no way interfered with the exercise of the

I subject. A Hewlett Packard three lead exercise cable with

reusable electrodes, model 14120A, and disposable electrode

I adhesive discs, model 140958, were used. The telemetry

and electrocardiograph equipment is presented in Figure 6,

page 26. The manufacturers recommended standard lead elec-

trode placement was found to be optimal for the present

application.

I Oxyiren uptake equipment. An open circuit method was

employed to determine the oxygen uptake. The equipment

consisted of (1) a rubber mouth piece, (2) two types of

I respiratory valves, (3) a nose clip, (4) a flexible tube.,

(5) a plqstic head harness, (6) Douglas Bags, (7) gas

I analyzers, (8) a dry gas meter, (9) a mercury barometer,

and (10) a centixrade thermometer.

One respiratory vnlve was the Collinsa plastic two

way J-valve. This valve was used during rest and during

moderate exercise, as in the walklnv tests. During the

I exercise test, when deeper and more rapid breathing

a Warren E. Collins, Inc., Braintree, Massachusetts 02184
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patterns were encountered, the Collins triple J-valve was

I used to Insure minimal airway resistance. The valves were

supported by the rubber mouth pieces held In the subject's

I mouth and the plastic head harness. The head harness was

adjustable in circumference and length. The J-valves
allowed InIpiition of room air while directing the expired

I air to the collection bips via the flexible tubing. The

tubing was 3.2 centimeters in diameter and 1.2 meters In

i length. The J-valves, rubber mouth pieces, and a nose clip

m are shown in Figure 7, page 28. The head harness with the

two way J-valve is shown in Figure 8, page 29.

I Plastic 60 and 100 liter Douglas Bags, Collins models

22619 and 22621, respectively, were used In the study.

I Each bag was fitted with a Collins T-shape stopcock valve,

model 21043, to control the opening and air collection.

This valve contained a gas inlet port for returning the

Iexpired air to the bag after sampling. The bag itself hai

a built-in sampling tube from which air samples were drawn.

These sampling tubes were closed with spring clamps during

air collection. An example of the Douglas Bag with stop-
cock valve attached is presented in Figure 9. page 30.

I Beckma electonic gas analyzers, model OX-11 para-

magnetic oxygen (02) was analyzer and the model LB-2

infrared carbon dioxide (CO2 ) gas analyzer, were used to

Beckman Instruments, Inc., Schiller Park, Illinois 60176

I
I
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determine the 02 and 002 concentrations in the collected

expired air. Each analyzer consisted of two units, a remote

pick-up head ara a central unit containing a suction pump

for drawing the gas samples, and a digital meter which dis-

played the gas concentrutions In percent values. The accu-

raoy of the 02 analyzer was 0.1%. The accuracy of the C02

analyzer was O.01%. Both analyzers were calibrated with

known gases prior to the testing of each subject. Details

of this calibration are outlined in Appendix E, page 118.

The Beckman 02 and 002 analyzers are presented in Figure

10, page 32.

g Small diameter tygon tubing was used to connect the

Douglas Bag sampling tube to the 02 pick-up head which was

connected in series to the C02 pick-up head and the suction

pump of the central unit of the 02 gas analyzer. The

same type of tubing was used to connect the exhaust port

[of the suction pump to the gas inlet port of the stopcock

valve connected to the Douglas Bag. This arrangement

required the use of only one suction pump and flow meter,

which was manually set at 500 cubic centimeters per min-

ute. It also allowed for the same gas sample to be anal-

yzed for both 02 and C02 concentrations and returned to

the Douglas Bag. In this way the volume of the gas in

the Douglas Bag did not change during the sampling. A

photograph of the gas analysis system is presented in

Figure 11, page 33.
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Figure 10

Beckman Oxygen and Carbon
Dioxide Gas Analyzers
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An American Meter Companya model DrM-'I. dry gas

meter was used to determine the volume of expired air.

This meter is presented in Figure 12, page 35. The col-

lected air sample was drawn through the oas meter at a

buniform flow rate by a Sears portable vacuum cleaner,

model 208.6150. The volume obtained was read in liters

indicated by a s3eries of dials on the face of the meter.

The meter was accur-ite to 0.01 liters. A correction fa,'tor

was applied to tis volume measurement based on Instrument

calibrations as outlined In Ap pendix E, p:ge 118.

The mercury barometer was used to merisure atmospheric

pressure. This reading was compared with the barometric

pressure of the city airport. The centiwrcde thermometer

was used to record the room temperature and the tempe'ature

of the expired Lir samples. The barometric pressure and gas

sample temperatures were necessary In the calculations of

oxygen uptake. The room temperature values were used to

help standardize environmental conditions. The barometer

Iis presented in Figure 13, page 36.

The oxyigen uptake calculations were performed on a

Hewlett Packard model 97 programable. printing calculator.

JA photograph of the calculator is presented in Figure 14,

page 37. The oxy-en uptake values were printed by the

a Warren E. Collins, Inc., Braintree, tssaohu.,etts (2184

b Sears Roebuck and Co.. lown City, Iowa ,2240

I
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I Dry 0as Meter with Thermometer
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calculator on heat sensitive paper. Tne prorram utill .ed in

these calculqtion- was written by the Inves'iuator and Is

included in Appendix F, page 124. The jrogrim was trans-

I cribed to marnetic tape "or easy accessibility an stor.-e.

A -tandard laboratory electric timer, with a minute

and a sweep seccnd nand, wis unel to !:ionltor tne time par-

ameters durinr the testing procelures.

tMethod

The sDecIfic procedure3 followed in this study were

concerned with the three modes of level walking, the tread-

mill exercise test, heirt raite, and oxygen uptake measure-

i ments.

L Level walking. The sub.ects were .,el.-hed prior to

eacn level walkinir trIal. J mfl fr loose f Ittins7 clothing

and rubber soled shoes were worn for etch trial. The

subjects walked for five minutes at each of the seven

velocities (26.F2, 40.23. 53.64, 67.06, 80.47, 93.8d. and

107.29 meters per minute) for each of tne three modes of

level walking (segmental, circular, and treadmill). A

I one minute pause was Included between velocities to allow

the investigator to make anpropriate technical adjustmerts.

I Treadmill exercise test. The subjet-ts' attire was

similar to that used diirtniv level wnlgirio.. The subjects

were weighed before the exerci-;e test. A nrodified Balke

protocol2 6 was used for the exercrire te:;t. The velocity of

I
I
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the treadmill was maintained at 91.20 or 99.24 meters per

minute (3.4 or 3.7 miles ner -iour. respectively) depending

on the subject's capabilities. The workloads were system-

atically progressed by Increasing the Incline of the treid-

mill. The subject walked for five minutes at each workload

with a one minute pause between workloads. The workloads

were selected according to the subjects predicted maximal

aerobic power obtained from the rogression eluation of

oxygen uptake versus heart rate for segmental walking. A

minimum of three workloads were used. The end point for

the test was either a plateau of oxygen uptake or subject

g exhaustion.

Heart rate measurement. The standard lead electrode

placement recommended by the manufacturer was adopted. This

was a three electrode system similar to a modified CM5 con-

figuration. The electrodes were positioned as follows:

i. the rivht arm lead was il,,ced at the mid-

clavicular line just Inferior to the rivht

clavicle;

2. the right leg (ground) lead was placed at

the mid-clavicular line just inferior to

the left clavicle;

3. the left arm lead was placed In the V5

position.

These positions resulted in a trood quality ECG with min-

imal artifact. The electrodes were applied to these sites

L 0¢ % • , +I
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after cleaning with alcohol ind Abradlnz tte skin slIwntly

to reduce the electric'l resistance. r,,e electrode cables

were attached to the telemetry transmitter which the sub-

Ject wore near the sacral area of' his thack with the support

of the waist belt. ideart rate ws monitored lurinr the

last ten seconds' of ericn minute of exercise. rhe fifth

minute recordinvs were considered to oe steady state merJsure-

ments and were used in subseluent datK analysis.

Oxygen uptake measurement. Oxygen uptake was deter-

mined by the open circuit method. The !plastic head harness

was adjusted to fit each subject and ,s used to support

the J-valve. Flexible tubing connected the J-valve to the

Douglas Bag. The Dou'las Bag was carried by the Investigator

or by an assistant durlng walking on the segmental walkway

and on the circular course ,irid was supported on an adjustible

stand during treadmill walklng. Examples of the procedures

for segmental, circular, and treadmill walkling are presented

in Figures 15-17, pages 41-43. respectively. Expired air

was collected during the last minute of each exercise trial.

An exchange of Douglas Bags. an empty bag for the filled

bag, and other appropriate technIca] adjustments were made

during the one minute pause between exercise trials. The

02 and CO2 gas analysis were performed Immediately on the

precalibrated analyzers. The sampling tubes from the

Douglas Bag and stopcock vrilve were connected to the inlet

and exhaust tubes from the gas analyzers. The clamps were

I
I
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Figure 15

Procedure for Datb Collection on
the 3fn aental dElKway
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Figure 16

Procedure for Data Collection on
the Circular Course

I
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i Figure 17

Procedure for Data Collectionon the Treadmill
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removed from the sampling tubes and the suction pump was

turned on as was previously described in the oxygen uptake

equipment section, page 31. The percentages of expired 02

and C02 were read directly from the gas analyzers. Volume

measurements were taken following the gas Lnalysis. The

sample tubes were reclamped and disconnected. The stop-

cock valve on the Doaglas Bag was connected to the inlet

side of the dry gas meter and the air was drawn through

Ithe meter by the vacuum cleaner pump. The difference bet-

ween initial and final meter readings was recorded as the

Iuncorrected volume of expired air. Temperature was deter-

p mined during this period to the nearest one half degree

centigrade from the thermometer inserted in the exhaust

I tube of the dry gas meter. Atmospheric pressure was meas-

ured to the nearest millimeter from the mercury barometer.

I A standardized procedure was followed in cleaning and

I sterilizing the mouth pieces and J-valves used in the pro-

cedure for expired air collection. The mouthpiece and J-

I valve were first rinsed in warm, running tap water, washed

in a warm detergent solution, and rinsed again in warm,

running tap water. They were then soaked in Cidex a solution

for a minimum of ten minutes. After this they were rinsed

in running tap water and finally in sterile water. The

Imouth pieces and J-valves were placed on a rack to air dry.

a rbrook Inc., Arlington, Texas 76010

I,
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Procedures for Data Reduction

The data reduction procedures necessary to calculate

minute heart rate and oxygen uptake are considered in

this section.

Heart rate determination. Minute heart rate was

calculated from the ratio of the electrocardiograph paper

speed in millimeters per minute to the average R-R interval

determined from the electrocardiogram (ECG) of the last

ten seconds of each minute of exercise. The number of R-

waves and the distance between the first and last R-wave

were used to determine the average R-R interval. Since

the paper speed of the recorder was 25 millimters per

second which equals 1500 millimeters per minute, the quo-

tient of 1500 millimeters per minute divided by the R-R

g interval in millimeters provided the number of R-waves or

heart rate per minute.

Oxygen uptake determination. The parameters neces-

sary for calculating oxygen uptake values were: (1) the

collection time, in seconds, of expired air, (2) the gas

fractions of expired 02 and C02, (3) the volume of expired

air, (4) the temperature of expired air, and (5) the atmos-

pheric pressure during collection.

Atmospheric pressure and expired air temperature

readings were used to obtain the appropriate correction

factor for converting warm, moist gas samples to standard

temperature and pressure, dry (STPD). The chart of

I

I
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conversion f.ictors 2 8 is presented in Table 18, Appendix G.

page 126.

All calculations were performed on a iAewlett I-ackard

model 97 programable calculator. The volume of expired air

S was corrected as previously noted in the section on oxygen

uptake equipment, page 31, by applyin the correction f'3ctor:

Volume = .9813X - .083. This volume was then converted to a

minute volume (V E) by the followinr formula: (VsTPD x 60

seconds) * collection time. Oxywen uptake was determined

*by the followln formulas:

FE = 1.00 -(F FE  )EO2  2 002

I FE

| N2

o2 =(F I  x I)-(FE x VE
02 02

FI0 2 and FN 2 were considered constants at .2093 and .7904,

I respectively. The Respiratory quotient (R.Q.) was also

determined by the formula:

-E xECO2

R.Q. =

I V02

Method of Statistical Analysis

The statistical analyses were performed utilizIng the

Statistical Analysis System (SAL) 11briry ror'ims ,LM,

1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



47I
STEPWISE, ANOVA, and MEANS. The 0.05 level was a lopted as

the test of statistical significance for this study.

Linear regression. The GLM and STEPISE procedures

were used for the linear regression analysis. Simple

linear regression analyses were performed on the parametersI2
of oxygen uptnke (V 2 ) versus walking velocity squared (v2 )

and V02 versus heart r.ate (HR) on each subject for each of

the three modes of walking. The means of the slopes and

intercepts of the individual reirression equations obtained

in these analyses were used to 7enerate composite regression

equations for each walking mode. The individual regression

equations for V02 versus HR obtained in the first analysis

were used to oredict the subject's individual maximal

I aerobic power (MAP) from maximum heart rate values deter-

mined on the maximal treadmill exercise test. Multiple

regression analyses were performed on MAP determined from the

maximal test and submaximal heart rates obtained during level

walking. Three sets of analyses were performed for each of

I the three walking modes. The first set of multiple regres-

sion analyses involved the parameters of F4P versus the

independent variables of heart rate for each of the seven

3 walking velocities. The second set of analyses included

heart rates for only the first five walking velocities.

I The final set of analyses involved usin( the 3TEPWISE

procedure in which heart rate values of the different

walkinq velocities were systemat ically added in a forward

I
!j I
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direction until the best regression equation was obtained

with the least number of independent variables.

In addition to generating slopes and intercepts for

regression equations, the procedures GLivi and STEPWISE

provided coefficients of determination (R2 ) for each

analysis.

Analysis of variance. The analysis of variance pro-

cedure ANOVA was used to analyze the slopes and intercepts

of the simple regression equations. Analysis of variance

was utilized to compare the oxygen uptake values associated

with each walking velocity across all walking modes. This

g procedure was also used to compare the predicted MAP's

from the submaximal walking modes with the MAP determined

i from the maximal treadmill exercise test. Duncan's test,

an adjunct procedure to ANOVA, was used as a follow-up

test to analyze the simple effects.

~ Means and standard deviations. The MEANS procedure

was used to compute the means and standard deviations for

oxygen uptake and heart rate for the three walking modes.

The paired t-test, an adjunct procedure to the MEANS

1 procedure, was used to test for differences in the fourth

I and fifth minute heart rates for segmental walking.

! l--__-_-I
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CHAPTER IV

I ANALYSIS OF DATA

A major purpose of this investigation was to deter-

mine the viability of level walking as a submaximal exercise

test for predicting maximal aerobic power. Three modes of

walking, segmental, circular, and treadmill, were considered.

The question whether or not steady state conditions could be

achieved during segmental walking was a fundamental concern.

An additional purpose of the study was to examine the dif-

ferences in energy cost between treadmill and floor walking.

The ability to predict energy cost from walking velocity

was a secondary consideration. A description of the sub-

jects and the analyses are included in this chapter. Linear

regression analysis was used to evaluate the oxygen uptake

ij and heart rate responses to each walking mode and in the

prediction of energy cost from walking velocity. Multiple

1 regression analysis aided the prediction of maximal aerobic

3 power. Analysis of variance was used to test the differences

in mean slopes and intercepts of the regression lines, to

compare oxygen uptake values at each walking velocity for

the three walking modes, and in the comparison of maximal

aerobic power values. The paired t-test was utilized to

I determine if steady state conditions existed during seg-

mental walking.I

I e
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Sublects of the Study

I Thirty normal, young adult males were employed as

subjects for this study. They ranged in age from 18 to

37 years with a mean of 28.3 years. The weight of the

subjects ranged from 61.08 to 99.20 kilograms with a mean

weight of 77.16 kilograms. A summary of the subjects ages

and weights with the means and standard deviations is

presented in Table 19, Appendix H, pages 128 to 129.i
Linear Regression Analysis

Simple regressioa equations were calculated on each

subject for oxygen uptake (V02 ) versus velocity squared

(v2 ) and for V02 versus heart rate (HR) for each of the

g three modes of walking. Simple coefficients of determin-

ation (R2 ) were also calculated. The slopes, intercepts,

I and R2 values together with the F value and its associated

p value for these analyses are presented in Tables 20 to

25, Appendix I, pages 131 to 142. Composite regression

equations were calculated from the individual regression

equations by computing the means for slopes and intercepts.

j Composite R2' s were similarly determined. The composite

regression equations with standard errors and mean R
2

I values are presented In Table 1, page 51. The composite

regression lines for each of the three modes of walking

are graphically compared in Figures 18 and 19, pages 52 and

53 for V0 2 versus v
2 and V02 versus HR, respectively. The

I
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Table 1

Composite Regression Equationsa and Mean R2
Valuesb with Standard Errors for

Three Modes of dalking
(n = 30)

A. Oxygen Uptake (ml 02/kg-min) versus
Velocity Squared [(:/-ai) 2 ]

Mode of Mean
Walking Equation R2

I *l . i m _J[I. .

Segmental E = .00136v2(+.00004) + 5.22(_.157) .96(..0010)*

Circular E = .00094v2 (_.00002) + 6.10(!.168) .98(±.0003) *

Treadmill E = .OOO93v2(!.OOO2) + 5.94(±.150) .98(_.9005)*

B. Oxygen Uptake (ml 0/kg-min) versus
Heart Rate (beats/min)

Mode of Mean
Walking Equation R2

Segmental E = 0.399HR(±.0124) - 23.537(!1.457) .94(- .0026) *

3 Circular E = 0.315HR(±.0088) - 16.028(!0.896) .94(!.0018)*

Treadmill E = 0.377HR(..0138) - 21.906(!1.429) .92(_.0029)"

I a Equations generated frota the means of the slopes and
intercepts -f the indivIAial simple regression equations.

ib Values obtained from the means of the individual R2

values calculated adjunct to the simple regression
analysis.

All thirty of the individual R2 values were significant
at the .05 level.I

I
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Composite Regression Lines with Group Means and
Standard Deviations for Oxygen Uptake

versus Velocity Squared for
Three Modes of Walking
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I Compohite Regresuion Lines with Group Moans and
Standard Deviations for Oxygen Uptake

versus Heart Rate for ThreeModes of Walking
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observed group means and standard deviations are super-

imposed on the regression lines. The group means and stan-

dard deviations for V02 and HR associated with walking

Ivelocities for the three modes of walking are presented in

i Table 2, page 55.

Multiple Regression Equations

I Multiple regression equations were calculated in

I order to predict maximal aerobic power (MAP) determined

during the treadmill exercise test, from thte submaxImal

heart rate dLta obtained during level walking. A forward

selection, stepwise analysis was used to determine the

I best prediction with the least number of independent

I variables. Equations were also determined by Including

all heart rate values association with the seven walking

velocities and, again, on the five slower walking veloci-

ties. Coefficients of determination (R 2 ) were calculated

Ifor each equation. The analyses were repeated for each of

the three modes of walking. The multiple regression equa-

tions including R2 , F, and p values are presented in Table

I 3, pages 56 and 57.

Analysis of Variance

Analysis of variance was used to test for mean dif-

ferences in mean slopes and intercepts of regression lines

for V02 versus v 2 and V02 versus HR for each mode of

I walking. Group means and standard errors are presented in

I
I
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Table 4, page 59. The differences in the group means are

I resented in Table 5, page 60. As can be seen from Table 5,

2part A, the slpes and intercepts of V02 versus v were sig-

I nificantly different for segmental versus circular and

treadmill walking. The slopes and intercepts for circular

and treadmill walking were not significantly different.

In Table 5, part B, it can be seen that the slopes and

intercepts of circular walking were significantly different

from segmental and treadmill walking for V02 versus HR.

The differences in oxygen uptake associated with the

seven walking velocities for the three walking modes were

g analyzed with the analysis of variance. The differences

in group means are presented in Table 6, pages 61 and 62.

This analysis demonstrated that the V02 for the four upper

velocities for segmental walking were significantly dif-

I ferent than those of circular and treadmill walking. There

m were no significant differences in V02 between circular and

treadmill walking.

3 Analysis of variance was also used to test the differ-

ences between predicted MAP from the three submaximal level

m walking modes and MAP determined on the treadmill exercise

test. The predicted MAP was calculated from maximum heart

rate determined during the maximal exercise test and the

3 individual regression equations of V02 versus HR for each

walking mode. The group means, standard errors, and dif-

I fereaces in means are presented in Table 7, page 63. As

I
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i

I Table 4

Mean Slopes, Intercepts, and Standard Errors
for Three M.odes of Walking

(n = 30)

A. Oxygen Uptake versus Velocity Squared

I Mode of Mean .Le an
Walking Slope Intercept

SelLrental 0.00136 (_0.o-o4) 5.218 (0.1372)

Circular 0.00094 (±0.00002) 6.097 (+0.1676)

Treadmill 0.00093 (±0.00002) 5.942 (+0.1497)

I B. Oxygen Uptake versus Heart Rate

Mode of Mean Mean
Walking Slope Intercept

Segmental 0.3985 (+0.0124) -23.537 (±1.4566)

I Circular 0.3153 (±+0.0088) -16.028 (±0.8959)

I Treadmill 0.3769 (!0.0138) -21.906 (+1.4291)

I
I
I
I
I
I
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I

Table 5

Differences in Mean Slopes and Intercepts
fcr Three Modes of Walkinw

(a = 30)

A. Oxygen Uptake versus Velocity Squared

g Circular Walking Treadmill Walking

Slope Intercept Slope Intercept

Segmental 0.00042* 0.8787* 0.00043 0.7241*

Circular 0.00001 0.1546I
g B. Oxygen Uptake versus Heart Rate

Circular Walking Treadmill Walking

I Slope Intercept Slone Intercept

Segmental 0.0832* 7.5092* 0.0216 1.6317I *
Circular 0.0617* 5.8775

I
* Significant at the .05 level, Duncan's multiple

comparison procedure.

I
I
I
I
I
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Table 6

Differences between Group Means for Oxygen Uptake
(ml 02/kcg-min) at Seven Velocities

over Three Walking Modes
(n = 30)

A. 26.82 m/mmn

Circular Treadmill

Segmental o.154 o.187

Circular 0.032

B. 40.23 m/mia

Circular Treadmill

Segmental 0.022 3.043

Circular O,065

C. 53.64 m/min

Circular Treadmill

Segmental 0.010 0.253

Circular 0.263

D. 67.06 m/min

S eCircular Treadmill

Segmen tal o. 661* . 09*

1 rc j I tr ).431
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I
Table 6 - continued

B. 80.47 m/mIn

Circular Treadmill

p Segmental 1.163" 1.543*

Circular 0.380

F. 93.88 m/min

Circular Treadmill

Seg:aental 2.253* 2.677*

Circular 0.424

p G. 107.29 m/min

Circular Treadmill

Seg=nental 4.850 4.798

9 Oircular 0.052

Significant at the .05 level, Duncan's

multiple comparison procedure.I
I
I
I
I
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ITable 7

Group Means, Standard Errors, and Differences between
Means for Predicted8 and Determinedb Maximal

Aerobic Power (al 02 /kg-min)
(n = 30)I

A. Group Means and Standard Errors

Mode Mean

Segmental 51.988 (±1.276)

Circular 43.676 (_i.134)

I Treadmill 49.537 (_+1. 512)

Exercise Test 44.385 (±1.487)

B. Differences between the Means

Circular Treadmill Exercise Test

Segmental 8.312 2.451 7.604

Circular 5.862 0.709

Treadmill 5.153I
a M AP predicted from individual regression equations of

V02 versus HR.

b AAP determined from the maximal treadmill exercise test.

Significant et the .05 level, Duncan's multiple1 comparison procedure.

II
I
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noted the MAP's predicted from circular walking and deter-

mined from the maximal exercise test were similar and both

were significantly different from the MAP's predicted from

the treadmill and segmental walking modes. Treadmill and

segmental walking modes were not significantly different.

The Paired t-test

I The fourth and fifth minute heart rates of segmental

walking were analyzed to see if they were similar. The

paired t-test was used to test the differences between the

fourth and fifth minute heart rates associated with each

of the seven walking velocities. The group means, standard

5 deviations, mean differences, t, and p values are pre-

sented in Table 8, page 65. go significant differences

Iwere noted.

I
i
I_
I
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CHAPTER V

DISCUSSION OF TdE LZESULTS

I This study was concerned with the investigation of

level walking as a submaximal exercise test and its ability

to predict maximal aerobic power. Three modes of walking

I were considered; segmental, circular, and treadmill

walking. Since segmental walking was non-continuous in

I nature, i.e. it involved turns at the end of each interval

of walking, a basic question was whether or not steady state

conditions would be achieved during this mode of walking.

I To clarify whether or not there is a difference in energy

cost between treadmill and floor walking, a comparison of

jthe energy cost between the three modes of walking was

made. The prediction of energy cost from walking velocity

was a secondary consideration. This section will include

a discussion of the results as related to the stated pro-

blems and subproblems. Topics considered are oxygen upta&ke

and heart rate responses during the three modes of walking,

the prediction of energy cost from walking velocity, the

I prediction of maximal aerobic power from the proposed sub-

I maximal exercise tests of level walking, and the clinical

Implications.

I
I
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Oxygen Uptakeand Heart Rate

I The linear regression analysis of oxygen uptake (V02 )

versus velocity squared (v2 ) indicated that both the mean

I slope and mean intercept for segmental walking were sig-

nificantly different from those obtained fir either tread-

mill or circular walking. The fact that the slopes and

intercepts were not different for treadmill and circular

walking supports Ralston's latest study 3l which equates

these forms of walking. This also supports some of the

data of 'Wyndham et al41 in wnich the energy cost of road

walking and treadmill walking were compared over three

g velocities. The oxygen consumption was higher for road

walking at the two slower velocities, but similar at the

I faster velocity. The results of the Daniels et a11 4 study,

in which road walking was 9-10% higher in energy cost than

I treadmill walking, disagrees with the present study. As

Ralston hypothesized 3 1 this may be due to the nature of

the walking surfaces.

3 As was seen in Table 5, page 60, the slopes and inter-

cepts of V02 versus walking velocity squared were signif-

I icantly different for segmental walking compared to circ-

i ular and treadmill walking. This difference in energy cost

could be attriouted to the turns involved in segmental

3 walking. The nunber of turns required during the five

minute walk increased proportionately with walking velocity.

I The increased oxygen consumption necessary to negotiate

I
I
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Oxygen Uptake and Heart Rate

I The linear regression analysis of oxygen uptake (V02 )

versus velocity squared (v) indicated that both the mean

I slope and mean intercept for segmental walking were sig-

nificantly different from those obtained far either tread-

mill or circular galking. The fact that the slopes and

intercepts were not different for treadmill and circular

walking supports Ralston's latest study 31 which equates

I these forms of walking. This also supports some of the

data of Wyndham et al41 in wnich the energy cost of road

I walking and treadmill walking were compared over three

velocities. The oxygen consumption was higher for road

walking at the two slower velocities, but similar at the

I faster velocity. The results of the Daniels et a11 4 study,

In which road walkip.g was 9-10% higher in energy cost than

I treadmill walking, disagrees with the present study. As

Ralston hypothesized 3 1 this may be due to the nature of

the walking surfaces.

j As was seen in Table 5, page 60, the slopes and inter-

cepts of V02 versus walking velocity squared were signif-

I icantly different for segmental walking compared to circ-

i ular and treadmill walking. This difference in energy cost

could be attributed to the turns involved in segmental

walking. The number of turns required during the five

minute walk increased proportionately with walking velocity.

I The increased oxygen consumption necessary to negotiate

I
I
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these terms on the 13.4 meter walkway was significant at

I the fourth velocity, 67.06 meters per minute, as was dem-

onstrated in Table 6, page 61. Since the energy cost of

Isegmental walking appeared to be a function of the number

of turns required per unit of time, it was obvious that

the length of walkway was an important consideration.

i Accordingly, differences in energy cost should occur at

lower velocities on a shorter walkway and at higher vel-

I ocities on a longer walkway. Hypothetically, for a 26

meter walkway the differences in energy cost would not

occur before the seventh walking velocity, 107.29 meters

per minute.

Although there were differences in energy cost, an

Iadditional concern was whether or not steady state condi-

tions could be achieved during the segmental walking.

Non-significant differences in heart rate during the

fourth and fifth minutes of segmental walking demonstrated

that steady state could be maintained. This was evident

from the t-test results presented previously in Table 8,

page 65.

I A linear regression analysis was also performed on

oxygen uptake versus heart rate associated with each

walking velocity. The analysis of slopes arid intercepts

of the regression lines demonstrated that the response to

circular walking was statistically different from treadmill

I and segmental walking. This was true for both the slope
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and the intercept. No differences were found between the

slope and intercepts for treadmill and segmental walking.

The major contributing factor in this relationship appeared

Ito be the discrepancies in heart rates at the lower four

walking velocities. The heart rates at these speeds were

similar for treadmill Lind seg mental walking, but lower

i during circular walking. Apparently the effect of the

lower heart rates for circular walking had a greater en-

fluence than increasing V02 found for segmental walking

when plotting V02 versus heart rate.

Predicting Energy Cost from Walking Velocity

ITo predict the energy cost from walking velocity,

regression equations were developed for each of the three

modes of level walking used in the study. These equations

were presented earlier in Table 1, page 51. The equations

are also presented in Table 9, page 70, where they are com-

pared to similar equations of other studies. Also included

in Table 9 is the predicted oxygen uptake from each equa-

tion for a slow, comfortable walking velocity of 67.06

i m/min (2.5 MPH). This prediction appears to be similar

for all equations. For graphical comparisons the regres-

sion lines of each equation are presented in Figure 20,

page 71. The regression lines appear to be very similar.

I The two most divergent regression lines were those associ-

ated with segmental walking in the present study and the

I

, . J*
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Table 9

I Regression Equations for Predicting Energy Cost
(ml 02 /kg-min) from Walking Velocity

Author, Mean aI Year n Age Equation V02

Rohrig 30 28 1. E = .001362v2 + 5.22 11.34I (1978) 2. E = o0o943v2 + 6.10 10.34

l 
3. E = .000934v

2 + 5.94 10.14
Ble~sey et2

alg (1976) 20 39 E = .000811v2 + 7.55 11.20

Griffith et 2
a120 (1976) 7 32 E = .000909v + 6.06 10.15

g Corcoran & BrengelmanI0
(1970) 32 38 E = .001005v2 + 6.15 10.67

Molen & Rozendal2 5  2
(1966) 12 22 E = .001045v + 7.06 11.76? +I

Grimby & Soderholm21  2
* (1962) 36 32 E = .001224v + 5.80 11.30

Bobbert7  2 25 & 32 E = .000972v2 + 6.72 11.09
(1960)

Ralston3 2  19 32 E = .001097v + 6.00 10.93I O

i a V02 predicted for a walking velocity of 67.06 m/min

b 1.= Segmental, 2.= Circular, 3.= Treadmill

I
I
I
I
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Rohrig, Segmental

Circular
Treadmill

23 Blessey et 
al6

Griffith et a,20

Corcoran and Brengelman1 0 -ZI/

-~ Molen and Rozenda1 2 5

z 19 -

El Grimby and Soderholm21

Bobbert x
0 Ralston32

II"o
I 1

1II

13 7.

I 600 2880 5160 7440 9720 12000

Velocity 2  (m/min)
2

i
3 Figure 20

Regression Lines for Energy Cost versus
Walking Velocity Squared from
Present and Previous Studies
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regression line reported by Grimby and Soderholm2 1 . The

slopes of these regression lines appear to be larger and

the intercept less than the other lines.

Grimby and Soderholm 2 1 reported a correlation coef-

ficient of .87 for their regression equation. No other

previous study reported such a statistic. An estimate

of the correlation coefficient for the regression equations

developed in the present study was obtained by taking the

square root of the coefficient of determination (R2).

The representative correlation coefficients obtained in

this manner were .98, .99, and .99 for the composite

regression equations for segmental, circular, and tread-

mill walking, respectively. The results substantiate the

previously reported6,7,10,20,21,25,32 linear relationship

that exists between energy cost and the square of the

walking velocity.

The regression equations for predicting V0 2 from

walking velocity developed in tnis study were found to be

* quite accurate. The mean V02 observed from the thirty sub-

jects at each velocity was compared to the V02 predicted

I from the equations for segmental, circular, and treadmill

walking in Table 10, pages 73 and 74. Percent errors shown

in this table were calculated from the following equation:

1Percent Error = Observed - Predicted x 100
Observed

I Table 10 demonstrates the low percent errors for all equa-

tions; the highest mean error was 0.13%.

I
I

III/ IIIIII J , " .
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M A erobic Power Prediction

Maximal ueroblc power (,AP) was predicted from each of

the three submeximal exercise tests of the three different

I modes of level walking. As was shown in Table 7, page 63,

segmental and treadmill walking over predicted MAP deter-

mined from the maximal exercise test. The difference be-

I tween NAP predicted from circular walking and MAP deter-

mined from the maximal exercise test was statistically non-

I significant at the .05 level. The percent error and stan-

dard errors in predicting MAP from the three submaximal

exercise tests of segmental, circular, and treadmill level

I walking are shown in Table 11, page 76. Percent error was

calculated as noted in the preceding paragraph. The largest

I percent error was -19.5% associated with segmental walking.

In an effort to generate a more accurate method of

predicting NAP, multiple regression equations were calcu-

lated for MAP versus submaximal heart rates at different

walking velocities. A forward selection analysis was used

to determine the best prediction with the least number of

independent variables. Multiple regression analyses were

I also calculated for all seven heart rates and heart rates

I associated with the five slower walking velocities. These

analyses were conducted for each of the three modes of

walking. The equations were presented In the previously

mentioned Table 3, pages 56 and 57. The coefficients of

I determination for the stepwise analyses were .54, .59, and

I
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* Table I I

Group Roers, Peremt &rove*s se Isdsard & an
for Maximal Arable Power (Il O Ia)

Prediotod troe Inmiviidual Ro4saloIuustuaons versus Datonien1 frm
Maximsl Ioels ?oetOI m(a 30)

IA MAP Perseat

Pdo odletd b uimni, e41 ror

Segmental 51.99 (±1.28) 44.38 (.1.49) -19.5 (SO.66)

Circular 43.68 (!1.13) 44.36 (1.4) .0.4 (Q0.99)

Treadmill 49.54 ( 1.51) 44-.38 (±1.49) -13.8 (Q0.74)

a Peroent lrror x [(observed - pro41otod)/obeerv4]a1OO

n b Predlotion of maximal aerobic poer baed on &ziau
heart rate ob~tained froa tls a& ..., oziroltoo% aoond
the Individual ztrerioo eqsssions of *u2 verus il
for each mode of 

walking.

o Maximal arobic power determined from the maxisa
treadmill oxorolso test.

I
I
I
I
I

<LI
, I ... .. n - -- m nu -- _ . . .. . . . +.. j . , I
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I .43 for segmental, circular, and treadmill walking, respec-

tively. (This might be compared with associated estimated

correlation coefficients of .73, .77, and .66, respectively.)

I The R2 values for the equations which included all seven

heart rate values were .54, .60, and .48 for segmental,

I circular, and treadmill walking, respectively. (The repre-

sentative correlation coefficients were .73, .78, and .69,

I respectively.) Finally, .44, .57, and .33 were the R2

I values for segmental, circular, and treadmill walking,

respectively, from the equations including only the five

I heart rates of the slower velocities. (The representative

correlation coefflecients were .67, .76, and .57, respec-

I tively.) The coefficients of determination ranged from

I .33 to .60 indicating the degree of variability in XAP that

could be accounted for by the independent variables. All
R2 values were significant at the .05 level.

The group means, percent errors, and standard errors

for predlctln. MAP from the multiple regression equations

are presented In Table 12, pages 78 and 79. Percent error

was calculated as previously noted on page 72. The percent

error ranged from -0.003 to -3.99% which were low In con-

trait to the maximum percent error of -19.5% found on the

I prediction of MAP from the composite regression equations.

The relatively h, h wnd statistIcally significant R2

values provide credibility to tne method of predicting MAP

from heart rate values associated with submaximal walking

!
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velocities. The relatively low percent errors observed in

this prediction indicate the degree of accuracy that can be

achieved. The predictive capability of all of the equations

generated is considered good, however, the best prediction,

logically, was obtained from the multiple regression equa-

tion that used all seven heart rate values as the indepen-

dent varables.

Clinical Implications

Individualized patient counseling and exercise pre-

scription requires a knowledge of the persons work capa-

city. Accurate assessment of work capacity can be accom-

plished through graded exercise tests with special testing

equipment, however, certain disadvantages such as cost,

noise, and motor skill have limited the clinical utility

of these devices. Possible differences in energy cost

between the different modes of exercise such as treadmill

versus floor walking have restricted the application of

this type of test data.

Level walking as an approach to submaximal exercise

testing has been recognized as a viable alternative method.

Bassey et a15 considered the advantages to this method very

acceptable to the clinical situation. The appropriateness

of the test to a wider range of patients was cited because

of the familiar form of the exercise which could be used

safely by the elderly and orthopedically Involved patient.

I
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They also noted that the correlation with the bicycle

exercise test was -easonably high (r = .79).

The acceoted percent error for predicting MAP from

I the conventional submaximal bicycle or treadmill tests is

110%27. The largest percent error obtained from the

I regression equations in the present study was -4.0%.

These findings add credence to this form of exercise test-

ing. The next task will be to determine how similar the

R 2 and percent error values will compare for independent

subject samples and different patient groups.

Although the energy cost of segmental walking was

observed to be significantly greater than circular and

treadmill walking in this study, the fourth and fifth

minute heart rate comparison indicated that steady state

conditions could be achieved. This result indicated the

degree of credibility for this particular mode of exercise

testing which should be available to all clinical facilities.

I The non-significant differences in energy cost of

treadmill and circular walking indicated that oxygen up-

take data is interchangeable for these two types of exer-

cise. Data obtained on the treadmill, therefore, can be

validly used in the prescription of exercise training In-

I volving floor walking.

I
I
I

,,.
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I
CHAPTER VI

SUMMARY AND CONCLUSION

Purpose of the Study

I The purpose of this study was twofold: (1) to develop

a submaximal exercise test consisting of level walking, and

I (2) to examine the differences in energy cost of treadmill

and floor walking. The ability to predict energy cost from

walking velocity was a secondary problem as was verifying

I steady state conditions during segmental walking.

i Procedures

Thirty young, healthy, adult males served as subjects

for the study. The subjects were required to walk for five

minutes at each of seven velocities over each of the three

I different modes of walking; segmental, circular, and tread-

mill. A maximal progressive exercise test on the treadmill

was also required. Energy cost was derived from steady

state oxygen uptake determination. The open circuit method

was utilized. Heart rate was determined from electrocard-

I iograms obtained with a radio telemetry system and electro-

cardiograph.

I
I
!I

)l
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Summary of the Results

The results clearly indicated a linear relationship

between oxygen uptake (V02 ) versus walking velocity squared
(v2 ) and for O 2 versus heart rate (HR) for the three modes

of walking. The simple linear regression analyses for these

parameters yielded significant mean R2 values of .92 to .98.

The mean slopes and intercepts for the individual

simple linear regression equations of VO2 versus v2 provided

the basis for developing composite regression equations for

predicting energy cost from walking velucity. A separate

equation was developed for each of the walking modes;

segmental, circular, and treadmill. Analysis of variance

of the mean slopes and intercepts indicated that the energy

Icost of segmental walking was significantly greater than
that for circular and treadmill walking. The difference

between circular and treadmill walking was statistically

Inon-significant.
Composite equations were similarly generated for V02

versus HR. Analysis of the slopes and intercepts provided

*significant differences between those of circular walking

compared to segmental end treadmill walking.

I The prediction of maximal aerobic power (MAP) from the

submaximal walking heart rate data was accomplished by using

I a multiple regression analysis approach. Three separate

equations were developed for each walking mode. The first

equation was generated from a forward, stepwise regression

o
inIi l. . .. . . ,
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analysis procedure. The second equation was generated as

a result of using heart rate data from all seven walking

velocities. The third equation utilized the neart rates

from the five slower velocities as the independent variables.

R2 values ranged from .33 to .60. The percent errors found

for predicting AAP were quite low, ranging from -.003 to

I -3.99%.

As reflected by the non-significant differences in

I fourth and fifth minute heart rate measurement, steady

state conditions were achieved durin segmental walking.

Conclusions

I ~itnin tne scope und limitations of tnis study as

outlined in Cnapter I, pawes 5 and 6, the following con-

clusions are Justified:

I 1. Level walking, a clinically appropriate form of

exercise, including segmental, circular. ana

I treadmill walking, can Oe used as a suoaaxImal

* ex6rclse test for normal subjects to predict

ALP witn reasonaole confidence. Steady state

m conditions are acnieved during segmental walcirg,

and, therelore, it is included as a testing mode.

2. The energy cost of treadmill walkin4 is not dif-

ferent from continuous floor walKlag. Data

Iobtained from tread:nill tests can validly te

j used in exercl..e training prescriptions for level

waliing.I
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3. The energy cost of walking can be confidently

I predicted from walking velocity.

Recommendations for Further Study

The results of this study indicated that level

walking is a valid approach to submaximal exercise testing

in normal subjects. Additional data with patient groups

will be necessary to establish its clinical utility.

I
I
I
I
I
I
I
I
i
I
I
I
i
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SiL&JL"T Zfrvp ATe, oN t~Q.AMY

Slimaskmal xe, LI TvtbtLg trractull and rloo _Walking

1. The purpose of this study is t-wtold. (1) to Investiqate the ;,rsibilites
of level walkinq 4S a submasaftl exert Ise test. and (2) to dtt- tmine It thele
.4 S difference In P -rqy re-guir.funlnt for level walking On the tlre*iS l and

the flor .Four test bess.otls of . pitllmatly cln hou each will Ie I-reuired
of each mi)ert. Dwrin%3 thr..e 1f *he*.e sesbiuns the bta terts will walk at
seven velocities om wj-h of Me three m oes of .alking. a teAdaiull, a

Circular tarlk, and a %eomntal walkway he *fourth test me'. un will be a
ma imum treadmlll e-srLIsO Ttest to determine m i-rvw a,.rubic- "or - Erxpired

air will be collected through a mur-h piece, valve, ad collettion bags.
Heart rate will be m,nitored from a small r .dic transmittpr that the sub)ct

will wear on a belt. These para.r-ters will b~e monitored dirirq ead of the

veOcitiss and during each testinqj session.

2. There ae no identifiable risks other than those associated with the physical
etrcirse of walking at Increasing velocities ,utd qzades. A physical exas-
ination will be required of all %,.A)ects prior to entrn,e into the study.

The only possible d. ;comfott would be r1l fataque and shortness of breath

I relative to the treadmill exercise test.

3. The experience should he educational in na
t
ure to the sub)ect, and offer potential

benefit in improving ext rcie te-.tinq and exercise prescription.

4. The sub)ect is encouragted ar.d should not hesitate to ask any questions
concerning the procedures of this study.

5. The subject has the priveleqe and right to withdraw their consent and

discontinue participation in the study at any time without pre)udice to
the involved persons-

6. Photograp~hs may be taken for purposes of teaching, for. display at medical .

meetings. publication in medical )ournals, and/or pulicationn in educational

brochures, but only ui.on additional con.ent of the subject (a sample release/

consent form is attached).

7. The information collected from the m#iAsurrmcnts and interviews with the

subject will be identifiable only to th. pzr,'ct investiqator as originating

from a specific ,u))bect. The r,..ultS will only be publirly pi t.nted as

group findings and no, identifiahle to individualts in order to protect the
i subject's privacy.

I have discussed the above points with the subject or his legally authorized

representative, usi,,g a translator if necessary. It is my opinion that the

subject understands the risks, benefits and obligations involved in participation

in this project.

(DATE) (INVESTlGATIOR)

I
I
I
I
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CERTIWlCATIO:: Of !'17'ZIC CC,':LLr.T

PrnJect Titie: Sutbaral Exercise Iestinj: Treadmill and Floor WalkinC

lnvestirator(s): David I.. Nielser, Williar L. Rohrig

1. _ __ hereby certify that I have

been told by William L. Rohrig of the Phv-ical Tnerap

Graduate Prorran that I a--to participate in a study to be conducted at

Universlty Hospitals of the University of Iowa. The procedures of this

study have been explained to me. I am aware that investigative procedures

for energy cost deterrnation will be employed. I understasnd the possible

discomforts and risks and the possible bent-fits relating to this research

project and that 1 may withdraw from the study at any time without prejudice

to me.

A written summaary of what I have been told is attached. a.ad I have been given

an adequate opportunity to read it.

I hereby freely consent to take part in this research ;.-ject.

Sienature of Subject:

Siinature of Auditor-Witness:

Date:

I
I
I
I
I

±m
A , ,: T'.. .... . :2 :' w . ,-., *'
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I PHOTOGRAPH RELEASE FORM
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Consent and RaH se for Ph1t,cd wh*

POWMCT TIML. Subfam&,p.I itet, i e I.& i:~~tr 1-1~rWI~'

INVESTIZ.'frW David H. hielson. W1- 3 i..

1. ___________do hereby give pwrm~ tsi'.r. ffn jphotoqi a*.s
(sub]ects' name)

to be taken of my part cipat ion in the abovt &iIdaed bt. d-, 1. aIsO, heey

release said photographs to the irndicat.d ai vrbtagators for et purpose of

teaching, for display at m, dxcal mee tnqs, 1i! :.aY ion i:. m:, .. al )(ounai, and/or

pub1ication in educational brrIchuxe-.

I
Signature of SuJ)ect :

Auditor-witness :

bate:I
I

k I
I
I
I
I
I
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I APPENDIX C

i MEDIOM. HISTORY FORM

I
I
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FORK FOR MEDICAL HISTURY41

I t4AMEs DATEs_

Have you ever had any known indications of. or been

treated for, any of the following? (underline applicable

S I item)

YES NO

I 1. High blood pressure? (If ayes", list drugs

i prescribed and dates taken.)

2. Chest pain, heart attack, rheumatic fever,

I heart murmur, irregular pulse or other

disorder of the heart or blood vessels?

I 3. Cancer, tumor, cyst, or any disorder of

3 the thyroid, skin, or lymph glands?

4. Diabetes or anemia or other blood disorder?

I 5. Sugar, albumin, blood or pus in the urine,

or venereal disease?

1 6. Any disorder of the kidney, bladder,

3 prostate, breast or reproductive organs? - -

7. Ulcer, intestinal bleeding, hepatitis,

I colitis, or other disorder of the stomach.

intestine, spleen, pancreas, liver or gall

L
-L-I J1L
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YES NO

I bladder? -

8. Asthma, tuberculosis, bronchitis, emphysema

or other disorder of the lungs?

I 9. Fainting, convulsions, migraine headache,

paralysis, epilepsy or any mental or

nervous disorder?

I 10. Arthritis, gout, amputation, sciatica, back

pain or other disorder of the muscles,

I bones, or joints?

11. Disorder of the eyes, ears, nose, throat

or sinuses?

I 12. Varicose veins, phlebitis, hemorrhoids,

hernia or rectal disorder?

I 13. Alcholism or drug habit?

I Have you,

14. Had, or been advised to have, an x-ray,

I cardiogram, blood or other diagnostic test

in the past 5 years?

15. Been a patient in a hospital, clinic, or

I other medical facility in the past 5 years?

(If so, why?)

16. Ever had a surgical operation performed or

I advised?

I
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n YES NO

I 17. Had any oral or respiratory infections in

the past week?

DETAILS OF "YES" ANSWERS. Include number of attacks,

datess

[
I
[

Additional questions s

I YES NO

1. Do you get more short of breath than others

I your age doing normal daily activities?

2. Have you ever lost consciousness while

exercising or do you get dizzy with

* exercise?

3. Do you smoke? If so, how much and for how

long?

4. Do you engage in vigorous activity for at

least 30 minutes, 3 times per week?

I (Enough to induce free sweating?)

I
[
I

I
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I
This apoendix Is concerned with the equipment which

was designed and constructed in conjunction with this study.

I This equipment consists of the speed control-trbcking sys-

tea used on the segmental walkway and the speedometer cane

i developed for the circular walking.

Speed Control-Tracking System

An overhead speed control-tracking system was devel-

I oped to regulate walking velocity on the segmental ialk-

i way. The walkway was previously presented in Figure 2,

page 19. The system consisted of a motorized continuous

chain to which a rubber, foam ball wLs attEched which the

subjects followed as it moved along the walcway. The

I vertical distance fro:a the chain to the floor was 2.4

mters. The vertical distance between the ball and the

floor was adjustable. The chain a was a light weight, min-

iaum friction, qon-lubrication type made of urethane

plastic. The chain was reinforced with steel cables.

i The design permitted high speed operation with little

noise and no maintenance problems. The chain was stretched

between two gear sprocketsa in a horizontal loop over the

aidline of the walkway. The gear sprockets were attached

W finfred X. Berg, Inc., East Rockawy, New York 11518

I
I _ _
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Im
to two steel shafts extending downward from two metal

Iplates which were suspended from the ceiling at either end
of the walkway. The suspension system consisted of galvan-

Iized pipes which were bolted to two additional metal pl~tes

that had been permanently secured to tte ceiling. Rect&ng-

ular slots cut in the bottom plates for the pipe attach-

ments, allowed position adjustment of the plates and ten-

sion adjustmeat of the chain. The physical specifications

m of this mounting system are included in tno mechanical

m drawing presented in Figure 21, page 98. 3ae of the gear

sprockets was free turning. The shaft to which it was at-

I tached rotated freely in a flanged, ball-bearing unit which

was bolted to one of the suspension plLtes. The attach-

I meat shaft of the other sprocket was the drive shaft for a

5:1 ratio gear boxa which was bolted to the other suspen-

sion plate. The power for turning the system was provided

by a one-sixth horsepower, 1750 LIPA direct carrent motor&

which wus mounted on top of the gear box. dith the 5:1

Lgear reduction, the speed range of the drive sprocket was

0-353 RPA. The electric notor w~s controlled by a Ratio-

paxa SCR control package which regulated the amount of direct

current flow to the Laotor. A voltmeter was placed in par-

allel with the armature windings of the motor. Since the

a Boston Gear Division, North American Rockwell, Quincy,

Massachusetts 02171

I
I
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.-rz.Lture vol' i" ,roport. n& to jt "J J-ej :" te motor

I . * tie v7 .-Deter -, -) I i 'J A~el tj . rtOr t'..0 8 DOed Of

.:'e cnAl.a. A -ilrlt. . . r= of . control bystezo

- e:,tt L. P1.'ur- i. ,e i jO. A pnotograpn of t e

i .;r. tr~l &-. .t-. E portion o! toe cr.abin leading to toe

iiotor arlven ;eLr sprociet na tie fo" oulI kLre preiented

FlgAre .- ". uie 101. Tne meter Jeflection ws callbrated

Soorr-In., to t', velocity of tn - chain In centIzeters per

I :ond. A lesc-ri ,tlz :) "ne c.',ort13a procelare is

:lued in Ap erilx E, page I-A. InIeqauite zotor torque

low RM prevented using the system at velocities lower

I-zi 13 centimeters per seconi. Toe functional range af

te tracxin .ystem was 17 to 22: centimeters per second.I
.eedometer Cane

I Waking velocity on the circilbr course was controlled

wlth a speedometer cane atich toe investigLtor or an assis-

tant aeld as ne walxed with tne subject. The cane is pic-

I ;ured in Flrare 4, page 23. The cane was instrumaented with

i revolving wneel at the tip end and an electronic revo-

lution counter on the shaft hdjacent to the handle. A

.-3mall ruboer '"-ring was placed broand the perimeter of

I trie wheel. :he circumference of the wheel including the

i "C"-rlng was 10 centimeters. A precision bearing was

pressed Into a hole drilled in the center of tne wheel.

Ten equally spaced holes were drilled around the perimeter

I
I
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Figure 23

Operating Controls, Urethane Chain, Motorized Gear
Sprocket, and Foam Ball of Speed

Control-Tracking System

!



I
10;?

of the wheel. The wheel revolved in the saggital plane

around a small metal axle shaft that was attached to the

tip end of the cane. Two oppOsing metal plates, bolted

m to the tip end, served as mounting struts for tne axle

shaft. Lock nuts secured the threaded ends of the shaft

to the metal plates. Two metal sleeves were placed con-

centrically on the axle on either side of the wheel to

maintain the wheel in the center position between the aount-

I ing struts. The physical specifications of the wheel and

its mounting are Included In the mechanical drawing

presented in Figure 24, page 103. A photograph of the tip

I end of the cane Is presented In Figure 23, page 104. A

miniature ultraviolet light sourcea was Aounted on the

inner side of one of the metal plates. The light source

was positioned In line with the holes drilled around the

perimeter of the wheel. A miniature photocell a was mounted

Ion the opposing metal plate In line with the light source.

This arrangement caused an interruption in light on the

Iphotocell as the wheel was pushed along the floor. These

interruptions were counted by the electronics of the system

for a one second Interval and displayed in a digital array.

This display represented the velocity of the wheel in

centimeters per second. A nine volt battery served as the

i power source for the system. A wiring diagram for the

I a Texas Instruments, Chicago, Illinois 60646

m



I
103

I
I

I 4

I o

IfEOMTP CANE,

U Zr-..,-..

.09 A. HOE MEHNCL RWN

4 _

// .089" DI 4 I$LLEa t- LOJW

I

I Figure 24

i Mechanical Drawing of Speedometer
Cane Wheel and Mountin

I

I



. . .. .- . . . T - . . . . . . .

I
104

I
I
I
I
I
II ,

m ' !

I Figue

I
I

, ,iur 25t



i 105

I
electronics of the speedometer cane is presented in Figure

26, page 106. The accuracy of the speedometer cane was

very high as is demonstrated in the clibration procedures

I described in Appendix S, page 110.

I
I
I
I
I
I
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This appendix deals with the calibration procedures

performed on the equipment used in the study. It was

important that walking velocity be consistant between the

three modes of level walking. Therefore, it was necessary

that the devices used to regulate these velocities were

accurate and reliable. The accuracy and reliability of

the oxygen uptake equipment wbs equally as important.

Specific methods of calibration were employed on the speed

control-tracking system, speedometer cane, treadmill,

oxygen and ciroon dioxide gas analyzers, and the dry gas

meter.

Speed Control-Tracking 3ystem

An electronic timer, photo relay, and two photocells

were utilized in calibrating the speed of the speed control-

tracking system. The electronic timer was a Hunter a model

120C and the photo relay a Huntera model 335S. This equip-

ment is presented in Figure 27, page 109. One photocell

turned on the timer and the other turned the timer off when

their respective light sources were interrupted. The photo-

I cells were arranged 192.1 centimeters apart at right angles

I to the urethane chain. Their positions near the chain

I a Hunter Manufacturing Company, Inc., Iowa City, Iowa 52240

I
!nzrii~i~~i
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enabled the rubber, foam ball attached to the chain to

interrupt the light sources, actuating the photocells and

subsequently controlling the electronic timer. In this

manner the time necessary for the ball to travel the 192.1

centimeters between photocells was accurately recorded.

This was performed for three trials at each of eight set-

tings over the range of the meter and the speed of the

tracking system motor. The mean time of the three trials

I was considered the most reliable measure Lnd was used to

compute the velocity of the ball and calibrate the meter.

The values were expressed in centimeters per second. The

mean times, standard deviations, and calculated velocities

of each setting are presented in Table 13, page 111. The

I linearity of the system was 0.57% full scale.

Smpeedometer Cane

The speedometer cane was calibrated with the aid of

the previously mentioned electronic timer, photo relay,

photocells, and treadmill. The photocells were positioned

to time the revolutions of the treadmill belt. The belt

was measured to be 310.90 centimeters in circumference.

The wheel at the tip of the cane was placed on the revolving

1 treadmill belt and held in a steady position. The digital

display of the speedometer cane was read as the treadmill

belt moved through twenty-five revolutions. The velocity

I of the belt was calculated by noting the time necessary for

I
I

. . . . . . .. . . . . . ... ... . . .J . ,
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Table 13

Calibration af Speed Control-Tracking System:
Meiin Times, Standard Deviations,i and Calculbted Velocities a

Mean Calcult ted
'rime Standard Velocity
(sec) Devtation (cm/sec)

i 4.605 .0171 41.72

I 2.826 .?076 67.?8

2.o54 .)o40 93.52

I 1.603 .302)5 119.94

I . ,3.5 .OO 147. ?'.)

I 1.106 .)026 17 .9

i 0.?6 5 .0015 199.07

0.862 .ooo6 222.85

I
a Velocity calculated over a distance

I of 192.1 cm.

I
I
I
I
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tne twenty-five revolations alP tiri distaE.-ie tiat t~ie belt

ht'J noved lurlan,- t~iat time. T4nis was repeated for three

trpal, at each of four velocity setting,,s. 2rne nean tiae

for tqe tiir--e trials wa~i us;ed to cblcula-te the velocity of

i the belt. Thle u~ean valae of t:ne aigitalty displayed velo-

city of tae speadoiaeter ctne ?,'S COI:rn''d oiita the aean

calcailated velocity of tne tre Admill belt. These compar-

i1sons with the resp~ective percent errors a-re Presented In

I Table 14, oaze 113.

Tae s-,>,eci).aeter cane ,,as aLISO validated on its ability

to re.f,.41Fte wallking velociti by ase In *ain trials. The

I investigator ;aalked down La helliay usia, Lhe ca-ne to control

fl1s velocity Lad' attempted t,) follow tie !,t:vea velocities

I t3ed In the 3tady. Five trIals dere &~i t each velocity.

Tne tlne aece ';:ry to d~alk twerity meters of tae hallway

was recorded ty thae priv iouasly aentioaed uhitocells and

\Ielectronic tiLaer. The meL-n timne D' Llne i'ive trials ez;s

;ied t,) c- ,-ute thlle w4alka&L velocity. Tie desired velocity,

t:,:e C4lcUI.ltel 'iclocIty, and the ras..iec tt'v ercent e:.rors

4 &tre r.eateed in Table 16, pLa;L 114.

Trekva ni

I The velocity of t~ip trOeLdalll *4--.s calibrated with the

&IJ :)' trie previously neationed electronic tX:Laer, ht

relay, and phiotocelIls. 'Lhe n-hotocells 4ere po.-3tioaed iea-r

tap treadaill bolt 'a order to tize t~ae rd vjlutijns. Tne
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I

I

Table 14

I Speedometer Cane Calibrbtion on TreLdmill:
:4e&n Times, Standard Deviations, 'ean

Tre~dmill end Cane Velocitiesi,
knd Percent Errors

I e n Treadmill Cane
Time Standard Velocity Velocity Percent
(sec) Deviation (cm/sec) (cm/sec) Srror

190.33 .495 40.84 41.0 0.39

38.86 .347 87.47 88.5 1.18

56.91 .409 16.57 137.5 0.68

U 42.02 .010 184.97 186.0 0.56

B Velocity celculated over e distance of 77.724 meters.

iI

I
I

I
I
I II
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I

i Tbble 15

Speedometer Cane 9&-klg Trlials: ,4ean Tines, -tianderd
Oeviations, Desired Velocity, Calculated

I Velocitya, and Percent Errors

:4ean Desired CalculEted
Time Standard Velocity Velocity ?ercent
(sec) Deviation (ca/sec) (cm/sec) IZrror

44.67 .535 44.70 44. )7 ).6)

I 2.89 .35 ( 67.06 6.?I D.22

?2.76 .04 -.1 7.87 I1.72

I 18.17 .1 1 111.76 110.07 1.51

15.21 .079 134.11 131.49 1.95

12.86 .110 156.46 1 --.52 0.6D

.118103 173.82 175-75 1.72

I a Velocity calculated over a distcnce of 20 meters.

I
I

I

I
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.aeLzureJ circ. aference Df e et ,iLS I. ii ceatineters.

.,.t! trea.dmill as r,,n .t tie seven vul ctt.ei anei in tne

stwdy. Tnree trials were timed Lt LLCE' velicit;. .acf

tr1al co a3:;teIl ' w:eat -tve re vo L ti is of ti-e .,:It.

?.:t nan tij "or the trree tr'laL ,i -3 uiu L tre CLICU-

tion )f vio Lty at each .;ett.in;. ,T. i,;Irvi veloclty,

Ialculate ve!,)ct.,, and the ru;ucctiva fr'2ent errors are

presented in Thble 16, page 116.

The tread 111 .az also caLibrated accord in, to t

I, Int inclln -, or grade, w;ilcn was u:;ed in the maXIal

e<ercise tolf~rane test. The .)ercent ;rade aas defined as

tae ratio of vLse to run ,iultiplled by 1)0 (% grade z rise

/run x 1.)0). For measurement purposes trie side vied of

the treadmill was equated to a right triangle when inclined.

Tae hypotenuse was a fixed distance and could be measured

lirectly. Similarly the amount of rise could be measured

directly. The amount of run, or base of the triangle, was

calculated using the Pythagorean Theorem, a2 = b2 + C2 .

The method .*ust described is schematically represented in

Figure 28, nage 117. The procedure was performed through-

out tne range of the meter on the treadnill. The largest

descrepancy was noted when the treadmill was adjusted to

a meter reading o 17/o grade. The calculated grade at

this settin: was actually 18. For every other grade

beyond this setting the calculated percent grade was 1%

over the value given on the meter.

-b
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I Table 16

Tread.sill Velocity Cb1libr~tIon: Mean Times, Standard
Devibti:ns, Desired Velocity, CblcalLtedIVelocitys, and Percent Errors

"ean Desired Calculated

Times Standard Velocity Velocity Percent
(sec) Deviation (cm/sec) (cm/sec) Error

184.64 1.cc38 44.70 42.09 5.84

118.87 0.020 67.06 65.38 2.50

86.97 '.D12 89.41 89.37 0.04

I 58.72 0.310 111.76 113.10 1.20

56.58 0.01 134.11 137.37 2.43

48.17 0.012 156.46 161.36 3.13

I 42.21 0.000 178.82 184.13 2.97

I a Velocity calculated over a distance of 77.724 meters.

I
I
I
I
I
I
I
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Ihypoteuse rise

I run

I hypotenuse = 180.34 cm.

* run = Vbypotenus.2 - rise2

% incline = rise x 100
run

I
I
I Figure 28

Treadmill Incline CalibrationI
I
I
I
I
I



I
I

Oxygen *ad Carbon Dioxide ;aa Jlnyzers

I The oxygen (0 2 ) and carbon dioxide (C32) gas hnalyzers

were calibrated prior to testin4 each subject. Each

analyzer was cnecked wit-i &nawn gases. Trne 32 analyzer

was clior&ated with room air which was au-jsaed to oe 2J.9

02, then checked witn L !known ,as c:nta1ning, IJ.) D .

I The CO2 analyzer was first set in zero us'ng 1J0t nitrogen,

and then calibrated with a known gas containing 7.964 CO2.

Dry Gas Meter

I The dry gas meter was calibrated at the flow rate used

In the study by drawln; known quantities of air through the

meter from a Collins P-1730 c&as3meter. This spirometer is

I pictured in Fizure 2), p&ge 119. Three trials were performed

at five different volumes. The mean volume observed from

the gas meter for the three trials was used in the calcula-

tion of a regression equation, Y = 0.9813X - 0.083 (r = .99)

m Gas volume measurements were obtained by substituting the

mas meter reading, the differences between the final and

initial meter reading for each trial, for the "X" value

in the equation. The measured volume of air from the gas-

ometer, the observed volume, and tne standard deviatious

I are presented in Table 17, page 120.

I
I
I
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Table 17

Dry Gas Meter Calibration: Known Volumes,
Mean Measured Volumes, and

Standard Deviations

Known Measured
Volume Volume Standard
(liters) (liters) Deviation

13.32 13.65 .040

26.64 27.19 .045

39.96 4o.87 .050

I53.28 54.41 .046
66.60 67.91 .046

I
I
I
I
I
I
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All calculations for detervining oxygen consumption

were performed on the Hewlett Packard model 97 calculator.

To minimize Dossibilities for errors the calculLtor re-

celved bs euch raw data as oossible, therefore reducing

i the need for extraneous calcUltlons. The oarameters

necessary for letermining oxygen uptake were systematically

entered Into the calculator storage bcllitles. The order

m in which they were entered corresponded to their location

on tae &ppropriate data work sheet. (Examples of these

m data sheets are presented in Appendix J, pages 144 and 145.)

The parameters entered were the following:

1. Time, in seconds, of expired air collection;

2. Percentage of expired oxygen;

3. Percentage of expired carbon dioxide;

m 4. The STPD conversion factor;

5. The subjects body weight, in kilograms; and

6. The volume of expired air.

The calculator corrected the volume of expired air by using

the equation derived during the calibration of the dry gas

meter, as previously described In Appendix E, page 118.

The calculator then corrected this volume to standard

I conditions (STPD) by multiplying by the conversion factor.

i By using the amount of time reported for collection of the

i'
11/
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I
expired air, the calculator converted this standard volume

I into a minute volume (VE), which was used in further cal-

culations. The formulas for deriving oxygen uptake pre-

viously described in Ohaper III, page 46 were used by the

calculator. After the computations were complete, the

calculator printed the following:

m 1. rhe manute volume

2. Oxygen uptake in liters per minute;

3. Oxygen uptake in milliliters per kilogram

per minAte;

4. Oxygen uptake in metabolic equivalents (MET);

I 5. The respiratory quotient.

The complete program for the Hewlett Packard model 97 cal-

i culator is presented in Figure 30, page 124.

I
~I

I
I
I
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I APPFENDIX G

i STANDARD TEMPERATURE AND PRESSURE,

1 DRY CONVERSION FACTORS
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Table 19

Subject Number, Age, and deight (kilograms)
with Means and Standard Deviations

Number Age Weight

1 25 73.07

2 27 87.72

3 26 65.12

4 31 75.97

5 30 67.90

6 29 84.14

7 32 72.39

8 36 71.42

9 32 83.75

10 32 67.73

11 35 69.20

12 23 82.50

13 18 61.08

14 27 73.98

15 23 67.62

j 16 37 96.12

17 32 63.98

18 36 91.52

19 30 99.20

20 22 78.64

1i ',
• ' '"r ' z.= , . .... e _ _ ,
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I Table 19 - continued

Number Age deight

21 25 68.98

22 24 74.49

213 23 73.96

24 30 85.00

25 32 67.44

26 22 86.65

27 23 77.73

28 34 90.34

29 24 89.49

30 28 70.74

Me an 28.3 77.16

Standard Deviation 4.99 10.17
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I APPENDIXC I

INDIVIDUAL SIMPLE LINEAR REGRESSION ANALYSES
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Table 20

Individual Slopes, Intercepts, it F, and p Vulues
for Simple Linear Regression Analysis of

Oxygen Uptake versus Velocity Squared
I for Segmental 4alking

Subject Slope Intercept R2  F p

1 .30127 5.926 .98 298.19 .0001

2 .00120 5.750 .97 152.66 .0001

3 .00150 5.733 .98 260.63 .0001

4 .00139 4.139 .97 142.68 .3001

-5 .03147 4.763 .97 169.05 .0001

6 .00131 4.669 .97 139.97 .0D01

7 .00129 5.854 .97 144.B8 .0001

8 .00142 4.818 .91 50.03 .0009

9 .00119 5.982 .)7 174.72 .3001

10 .00171 6.564 .98 238.15 .0001

1 11 .00115 5.370 .94 74.32 .0003

12 .00140 4.586 .94 74.32 .003

13 .00146 4.349 .91 50.13 .0009

14 .00150 5.934 .97 161.20 .0001

15 .00091 6.854 .86 30.31 .0027

16 .00097 5.175 .92 58.17 .0006

17 .00158 4.528 .90 46.51 .0010

18 .0o146 3.099 .95 102.88 .0002

19 .00149 3.796 .99 418.80 .0001

1 20 .00129 5.103 .98 244.94 .0001

I
1
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Tbble 20 - continued

lumber o nterce pt Rp

21 .)3166 6.696 .)8 I94..)3 .J001

22 .33110 4.815 .97 155.09 .0D31

23 .036 5.317 .9 38).D5 .0031

24 .30166 4.177 .95 52.95 .D3O8

25 .3131 5.788 .)6 137.4: .3)31

26 .3 18 5.597 .?9 377.89 . )DOl

27 .33117 5.487 .6 157.73 . 3O01

28 .00133 p .350 .97 145.82 .0001

29 .3149 4.854 .98 223.57 .3031

30 ..)3130 5.773 .93 67.48 .3004

Mean .00136 5.218 .96

S.D. .00022 1 . 861 .03
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Table 21
2

Individuul lopes, Intercepts. R , F, and p Valaes

for S.iile Linear .e'ression Analys',s of

Oxygen Jptae versus Velocity 6iu~red
for Circuler -alklng

3ubject 3n R2

.;umber 1pe nterceptp

1 .3)077 6.992 .)8 236.81 .301

2 .3080 6.566 .99 907.84 .D301

3 .03095 6.682 .99 1113.35 .001

4 .3094 6.c56 .38 285.A1 .001

t .0)083 5.019 .)8 223.19 .301

6 .D3?) 4.821 .99 156,.10 .3q01

.Y) 15 5.139 .98 246.52 .3001

.00089 5.970 .99 474.59 .o001

9 .00112 6.315 .)8 254.18 .0)91

10 .30107 6.863 .97 166.46 .3931

11 .r01100 5.386 •)9 71 9. 20 .0001

II 12 ooo096 5.314 .97 176.83 .0001

13 .001)4 6.725 .99 1282.88 .0001

14 .03119 6.007 .99 J57.45 .0001

15 .00098 7.828 .99 593.20 .9001

16 .0068 6.118 .99 7763.45 .301

17 .00090 9.200 .95 93.86 .0002

18 .00130 6.289 .)9 472.39 .9301

19 .)01)2 5.348 .98 235.11 .0001

20 .9075 5.095 .99 2162.49 .3001

I
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I
I Table 21 -continued

iSubject2

Number .S lope Intercept R2 F p

I 21 .00107 5.888 .99 1525.35 .0001

22 .o0082 7.231 .99 360.87 .0001

I 23 .00095 6.539 .98 238.69 .0001

24 .00099 5.251 .97 191.33 .')001

I 25 .)0089 6.492 .98 321.-5 .0001

26 .00092 5.521 .)9 485.68 .0301

7 .0081 5.875 .49 473.08 .0301

28 .00084 6.115 .99 1828.8o .o001

29 .3011? 5,201 .99 651.44 .D001

I 30 .)0093 5.813 .98 223.93 .)001

I can .OD094 6.397 .98

I 3.D. .03012 0.918 .01

I
I
i
I
I
,
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Table 22

Individual 3lpes, intercepts, R2 , F, and p Values

for Sixple Alnear Regression Analysis of
Oxygen Uptake versus Velocity Squared

for TreadmIll ,4alking

Subject Slope Intercent R F p
Number

1 .,Y094 5.382 .95 103.22 .0002

2 .ooo86 5.677 .96 114.88 .0001

3 .0103 6.549 .99 393.31 .0031

4 .30095 5.598 .97 144.82 .0031

.001:8 4.135 .99 347.42 .0031

6 .00097 6.o16 .96 107.73 .0001

7 .33102 5.828 .99 424.41 .0001

8 .00373 6.877 .98 301.58 .0001

9 .00117 5.426 .98 335.88 .0001

10 .D3094 7.241 .99 599.63 .0001

11 .0089 6.151 .97 147.31 .0301

12 .03087 5.716 .98 298.30 .0001

13 .03104 7.087 .98 192.57 .0001

14 .30113 6.671 .94 84.37 .0003

15 .00107 5.543 .98 224.24 .0001

16 .MlY75 5.513 .98 222.54 .0001

17 .3053 4.059 .99 371.20 .0001

18 .00095 5.167 .97 184.94 .3001

19 .00090 6.455 .96 118.38 .0031

20 .00094 5. 693 .98 246.43 .0001

I
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Tbble 22 - continued

Sumber Slope Intercept R2  P p

21 .90104 6.469 .99 633.87 .9001

22 .00091 5.122 .99 368.06 .0001

23 .00086 6.725 .48 284.58 .9001

24 .30078 7.134 .96 116.94 .0001

25 .03100 6.735 .q5 93.89 .0'02

26 .33087 6.119 .98 222.75 .3001

27 .00132 6.881 .98 194.o6 .3001

28 .90)84 5.690 .99 247.25 .0001

29 .000)6 4.884 .99 356.90 .3001

30 •00095 5.714 .99 173.98 .0301

Mean .00093 5.942 .98

S.D. .00013 0.820 .01

I

I
I
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I
Table 23I2

Individual Slopes, Intercepts, R , F, and p Values
for Simple Linear Regression Analysis of

Oxygen Uptake versus Heart Rate
for Segmental walking

Subject . 2Subber Slope Intercept R F p

1 .393 -18. 665 .99 598.69 .0001

2 .315 -17.589 .91 48.13 .0010

3 .354 -17.584 .97 152.19 .0001

4 .380 -16.153 .96 ml.00 .o091

5 .456 -28.120 .98 263.21 .9001

6 .438 -25.359 .98 218.72 .0301

7 .413 -21.262 .95 97.74 .0002

3 .497 -30.244 .98 297.96 .0001

9 .324 -18.773 .92 55.49 .0007

19 .353 -16.764 .94 79.29 .0003

I 11 .306 -16.180 .99 393.00 .0091

12 .326 -45.231 .58 6.90 .0467

I 13 .400 -27.536 .98 38.45 .1016

14 .400 -20.732 .99 380.21 .0001

15 .309 -10.766 .83 24.34 .0043

16 .337 -17.339 .96 133.85 .0001

17 .538 -21.162 .96 114.12 .0001

I 18 .502 -2,8. 4 34 .98 218.40 .0001

19 .376 -26.407 .97 163.26 .0001

20 .501 -35.562 .94 77.11 .0003

I
I
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I

I Table 23 - continued

Subject S P
Number ope Intercept R2

I 21 .439 -29.535 .96 109.66 .0001

22 .490 -25.041 .98 201.57 .0001

I 23 .391 -26.604 .99 432.02 .0001

24 .443 -35.367 .96 89.43 .0007

25 .314 - 8.355 .97 146.88 .0001

26 .374 -22.939 .88 36.91 .0017

27 .507 -35.283 .94 72.04 .0004

1 28 .405 -26.601 .95 93.49 .0002

I 29 .309 -17.957 .98 235.70 .0001

30 .365 -18.606 .90 46.56 .0010

I Mean .398 -23.537 .94

I S.D. .o68 7.978 .08

I
I
I
I

I

• 'e 4.
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I
Table 24

2I Individual Slopes, Intercepts, R , F, and p Values
for Simple Linear Regression Analysis of

Oxygen Uptake versus Iffebrt Rate
for Circular Aalking

I Subject 2
Number plope Intercept R p

I 1 .302 -11.541 .91 50.90 .0008

i 2 .203 - 5.534 .97 156.80 .0301

3 .340 -18.167 .98 250.59 .0001

I 4 .343 -15.792 .97 182.97 .0001

5 .380 -21.157 .84 26.38 .0037

I 6 .3!4 -16.668 .98 211.23 .0301

I 7 .343 -15.100 .92 59.23 .3o06

8 .341 -17.66o .94 73.82 .00o4

I 9 .269 -12.972 .98 308.03 .0301

10 .342 -17.970 .99 350.84 .0o1

I 11 .379 -21.724 .94 74.03 .0o04

i 12 .284 -14.925 .98 191.63 .0001

13 .344 -18.180 .97 153.67 .0031

14 .360 -17.128 .95 95.87 .3002

15 .272 - 7.083 .99 410.77 .0001

I 16 .222 - 9.677 .81 21.14 .0059

17 .267 -15.746 .82 22.69 .0050

18 .388 -24.165 .96 123.23 .0001

I 19 .270 -17.206 .95 97.55 .0002

20 .291 -15.460 .90 45.27 .0011i
I
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Table 24 - continued

Subject 2
Number Slope Intercept R F p

21 .291 -12.486 .88 37.61 .0017

22 .344 -13.460 .86 30.86 .0026

23 .314 -21.831 .97 161.61 .0001

24 .281 -15.895 .94 86.56 .0002

25 .291 - 7.538 .98 280.97 .0001

26 .406 -23.665 .90 43.48 .0012

27 .379 -25.957 .99 1689.60 .0001

1 28 .308 -15.828 .89 40.96 .0014

29 .279 -17.273 .99 834.33 .0001

I 30 .311 -13.056 .93 67.50 .0004

I Mean .315 -16.028 .94

S.D. .048 4.907 .05

I
I
1
I
I
I
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Table 25

I Individual Slopes, Intercepts, R2, F, and p Values
for Simple Linear Regression Analysis of

j Oxygen Uptake versus Heart Rate
for Treadmill Walking

SSubject2

Number Slope Intercept R2  F pHm_

1 .311 -12.822 .98 269.65 .0001

2 .283 -12.301 .98 254.44 .0001

3 .325 -13.307 .98 182.39 .0002

1 4 .444 -23.560 .98 255.98 .0001

5 .397 -21.728 .94 80.22 .0003

6 .422 -22.820 .92 58.41 .0006

7 .347 -12.653 .99 736.42 .0001

8 .523 -33.016 .80 20.26 .0064

1 9 .382 -23.631 .95 93.44 .0002

10 .284 -13.761 .99 374.30 .0001

11 .371 -24.951 .97 181.11 .0001

12 .518 -41.055 .57 6.60 .0501

13 .348 -18.191 .88 35.62 .0019

1 14 .393 -19.994 .98 291.41 .0001

15 .312 -12.028 .96 106.81 .0001

16 .323 -17.722 .91 52.37 .0008

17 .257 -20.357 .80 19.72 .0068

18 .536 -32.246 .93 65.18 .0005

I 19 .362 -24.464 .87 34.00 .0021

20 .369 -20.418 .97 150.08 .0001I

4, -
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Table 25 - continued

Subject 2
Number Slope Intercept R P p

I 21 .403 -28.929 .80 19.75 .0067

22 .461 -22.513 .95 86.80 .0002

23 .400 -30.422 .94 82.95 .0003

I 24 .225 -10.835 .95 90.36 .0002

25 .312 - 9.336 .95 97.52 .0002

26 .398 -25.974 .94 84.46 .0003

27 .447 -35.246 .90 43.06 .0012

28 .420 -25.895 .96 138.56 .0001

9 29 .353 -24.330 .98 227.11 .0001

30 .382 -22.665 .90 45.69 .0011

I Mean .377 -21.906 .92

I S.D. .075 7.828 .09

I
I
I
I
I
I
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