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SUBMAXIMAL EXERCISE TESTING: TREADMILL AND FLOOR WALKING
AN ABSTRACT

‘.
\

)Exercise testing has been used as the basis for
exercise prescriptions for a varlety of patients. Exercise
tests are performed using stendardized ergometers such as a
treedmill, bicycle, or steps. There have been, however,
several drawbacks to these ergometers which limit thelr

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,
were to examine the valldity of using level walking es a
submaximal exercise test, and to compare the energy cost of
level treadmill and floor walking.

Thirtx male subjects walked over three modes of level
Wwalking;” segmental, circuler, and tresdmill walking.
Seven walk#ng veloclities were used on all modes; 26.82 to
107.29 metéfé per minute (1.0 to 4.0 miles per hour). 4
maximal exercise tolerance test was also performed to deter-
mine maximal serobic power (MAP). ‘Oxygen upteke and heart
rate values were determined at each walking velocity for
each mode., Multiple regression analysis of MAP versus the
heart retes assoclated with the walking velocltlies demon-
strated a reasonably accurate method of predicting MAP.
Level walking, therefore, may have possibilities as a

submaximal exercise test. Jinelysis of variance of the — .
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linear regression of oxygen uptake versus the square of the

walking velocity demonstreted similar slopes and 1ntercepts

ity mEm e

for circular and treadmill walking, but a significant dif-
ference between these two modes and segmentel walklng.
Level treadmill and circular walking appear similar in

energy cost, but segmental walking, which requires more

turns, may require greater oxygen uptake.
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CHAPTER 1
INTRODUCTION

Background 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-
tensityof the activity increases, and has been established
for many activitiesl6'27. The effects of trauma and dis-
ease on functional activities, including walking, have
been assesgsed in this manner. Energy cost of ambulation
has been studied 1n patients who have had corrective

surgery3°. in hemiplemlcsu'll. parapleqlcsg'19. amputeesu'

17'35. and in patlents with coronary heart diseasezz'uz,

as well as in normal subjects5'6'8'10'13'14'18'20'21'Zu‘26'

29'31'32'36'38"’1. The energy capabilities of an individual
are important to know in order to provide adequate patient
counseling and exercise training recommendatlions.

Accurate assessment of work capacity, expressed as
aerobic power, and the associated heart rate with known work
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




taken to prescribe exercise which 1s not too strenuous as
to precipitate problems with the cardiopulmonary or musculo-
skeletal systems, but strenuous enough to elicit an adequate
training response. The desirabdble exercise intensity is
usually achieved by working at an appropriate perocentage

of the maxinum work capacity as reflected by a certain per-
centage of the maximum heart rate achieved, or predicted,
from a zraded exercise test. The graded exercise test may
also be used at later dates to assess trailning adaptations.

Standardized procedures and comparisons of the exercise
tests conducted on the stepping, bicycle, and treadmill
ersometers are available®+21:26,40 ynite valid and precise
Tesults are obtained from these testing regimens, certain
disadvantages have minimized their use in many clinics.

The methodology behind the treadmill ergometer, i.e.
walking or jogging, is commom to all subjects and the
treadmill 1s effective in providing well defined results,
however, size and cost are often prohibitive to crowded
hospital departments with limited clinical budgets. Noise
is an added disadvantage. The bicycle ergometer has been
used extensively in Europs and America. The ergometer 1is
braked electrically or mechanically and can be dependent
or independent of pedaling speed. The price of equipment
is again high, but not as costly as the treadmill. However,
undue leg fatigue in subdbjects who are unaccustomed to such

work is a limiting factor and disadvantage. The step




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
less to any extent, may experience undue muscle straln 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-
rately achleve, especially for the neurologically impaired
patient,

Varying amounts of technical skill are also required
for each of these ergometers. These factors 1limit universal
acceptance and clinical application. A simple method of
evaluating an individual®s work capaclty 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
literature? s3940,

Level floor walking at increasing velocitles could be
used as a submaximal exercise tolerance test, This has
been reported as a favorable approach5. Comparisons have
been made between various ergometers and continuous over-
ground walkinglu'zz'jl'uo'ul.

Studies concerned with level floor walking have been

conducted over rectangular or oval courses to malntain a




coatinuous pace5+6,10,20,22,31,32, ynile this spproach
is conducive to measurement of physiologlical psrameters and
the attsinment of steady state conditlons, most clinlics do
not have access to this type of continuous welking facility.
Corcoran and Brongelmann‘o utilized a four hundred foot
course in & long hallway which simulated reasonably well
the cliniceal situation. Yo reference, however, wes msde to
how thelr subjects negotiated this course, especlelly with
respect to stopping or turning.

dulking buck and forth, segmentelly, in a clinlic gyu-
nesium or hallway 1s &n alternative method which should be
avallseble to all clinicel settings has received little consi-
deration. Two basic factors need to be investigated con-
cerning whether or not steady state conditions can be
&chieved during segmental walking and whether or not dif-
ferences in energy cost between segmental and continuous
walking exist before this approach cen be adopted. Since
considerable data has been collected on the treadmill, an
additional consideration 1s whether or not differences
exist between the energy cost of floor versus treadmill
walking. The present literature does not provide adequate

information.

Statement of the Problem

The purposes of this study were to investigate the use

of level walking including back and forth, segmental,




walking &8 e submaximal exercise tolerance test and to
clarify whether or not differences in energy cost exist
between treadmill and floor walking.

In presenting this study it was found that the pur-
poses could best be achieved by considering and amswering
the following related questions:

1., How well cen maximal aerobic power (MAP) be

predicted from submaximal welking tests?

2. 4Are there differences in heart rste and oxygen
uptake responses to back and forth, segmental,
continuous circular, and treadmill walking?

3. Can steady state conditions be achieved during
back and forth, segmental, walking?

4. How well can energy cost be predicted from walking
velocity?

Scope of the Study
Thirty normel msele subjects perticipated in the study.

Each subject walked at three modes of level walking. Seven
walking velocities were used and were consistent for each
of the three modes. Each subject, also, participated in «
meximal treadmill exercise test to determine maeximal serobic
povwer. Oxygzen upteke and heart rute data were determined
for all velocitlies for each mode of walking.

Differences in energy costs were ussessed by uanulyzing

the slopes and intercepts of regression lines. The first




regresslion analysis consldered oxygen uptake versus the
square of the walking velocity and the second regression
analysls, oxygen uptake versus heart rate. 1In addition,
differences 1n oxygen uptake were analyzed between each of
the three modes of walking according to walking velocity.
MAP was predicted from each of the three walking modes,

and an analysis of varlance was used to test the differen-
ces between predicted MAP and MAP determined from the max-
ingl treadmill test. Multiple regression equations were
generated to predict MAP from heart rate data for different

walking veloclties.

Significance of the Study
This study provided insight into a simple procedure of

applylng exercise testing objectives in a clinical setting
without the necessity of elaborate equlpment. Insight was
gained concerning the question of whether oxr not differences

in energy cost exist between treadmill and floor walking.

Limitations of the Study

The study wes conducted oan normal subjects. Extrapo-
lation of information to patlient 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 ¢liniceal setting, but would be a meaningful and neces-

sery step in a thorough investigation of the problenm.

|
|
|
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Egergy cost. The metabollc requirement of physicel
activity is reflected by steady state oxygen uptake (002).
Por this study it was normalized to body welght and ex-
pressed in terms of milliliters of oxygen consumed per
kilogram of body weight per minute (ml O,/kg-min)>.

Maximal aerobic power (HMAP). Maximal serobic power
is the maximal oxygen uptake &an individuel is capable of
obtaining3'27, and 1s expressed in milliliters of oxygen
consumed per kllogram of body weight per minute.

Steady state. The condition in which the oxygen
supplied by the cerdiorespiratory system is equal to the
metabolic demands for a glven work level3. The linear

relationship between heart rate and oxygen uptake Jjusti-

fies the use of heart rate as an index of steady state
conditions.

Segmental walking. Segmentael walking refers to a
method of walking back and forth along & straight welkway
of known length. It requires that the walking subject
turn in some pivot-like manner rather than continue

walking around a curve &s on an ovel or circular track.
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CHAPTER II
REVIEW Or LITERATURE

The purpose of this chapter 1s to provide additional
background information related to the stated problems of
this study. The review of the lliterature has been divided
into the following topics: Progressive exercise tests;
energy cost of level walkineg; level walking as a submaximal

exerclise test; and steady state requirements,

Progressive 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
programsl'27. In this context total body energy cost has
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 mlnute, total oxyeen
uptake per minute (Goz). or as metabolic equivalents
(HETs)1'3'27.

It is generally accepted that energy requirements are
best obtained from these tests by utilizing large, anti-
gravity muscle grocups 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
submaximal design,

The graded exercise test 1s characterized by starting
the subject at a low intensity workload and systematically
increasing the exercise intensity. The subject’s physio-
logical parameters of heart rate, blood pressure, res-
pilration, expired air, ECG, and central nervous system
signs of incoordination and incoherence are of ten monitored
during the progression of the test., In a maximal test the
workload 1s increased until there 1s no further increase
in oxygen consumption. When thls plateau 1ls reached the
test is terminated,

The main advantage of performing the maximum test 1is
that a definite maximum aerobic capacity can be arrived
at without calculation., Also, the heart r:ate corresponding
to the maximum aerobic capacity can be more accurately
noted.

A test may also be a symptom limited maximum in which
the progression 1s terminated by signs of exercise intol-
srance regardless of whether the oxygen consumption has
plateaued. Included in these sizns would be ECG S-T
segment depressions or arrhythmlas, abnormal response of
hesart rate or blood pressure, or incoordination and
incoherence,

The hallmark of a submaximal exercise test 1s having
an arbitrary stopping point established before the test




begins. The termination point is indicated when the
subject®s heart rate reaches a percentage of the age
predicted maxlmum, usually in the range of eighty to

ninety percent. Heart rate has been shown to increase
with increased exercise intensity and has heen demonstrated
to be a valid index of energy costd+8:12,13,16,17,42
Maximum asrobic power may be obtained by extrapolating out
to the age predicted maximum heart rate when plotted
against oxygen consumption.

When using age predicted maximum heart rate to pre-
dict maximum oxygen uptake, 1t must be noted that the
maximum heart rate decreases with age. The maximum heart
rate may be estimated by utilizing the charted values given

4 16

by Sheffield’ , maximum

or the formula presented by Fox
heart rate equals the difference between 220 and the indi-
vidual’s age (max HR = 220 - age). Fox noted that this
estimation may be somewhat lower than the actual decline
with age, but it should have little effect on the exercise

prescription,

Energy Cost of Leve]l Walking

The energy requirements of level walking have been
the subject of a variety of studies, The effects of
velocity have becn well documented6‘8'1°'lu'17018'2°'21'22'
2u°25'31'32°36'38'u1. Generally speaking these invest-

igations have demonstrated that the energy cost increases




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 11near6'8'1°'25'32'a1.

This oomparison is evident regardless of thes type of sur-
face the subject walks over, Investigations performed on

a troadn1117'8'1u'18'21'22'25'29°31'3°'38'u1. a continuous
traek6'32. the rloor5'1°'2°'22'31. and on a roadmmy“‘"‘1
demonstrate similar patterns,

In 1953, Daniels, Vanderbie, and winsmannlu

reported a
comparison of treadmill, road, and cinder track walking,
The environmental arnd experimental conditions were not con-
stant since the treadmill tests were performed inside and
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
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.,

A factor Influencing the energy cost of walking is
the apparel, especially the type of shoes that the subject
is wearingl’. Heel height 1s of importance as it has been

demonstrated that three inch high heels can cause an increase

of 10 to 15 percent in energy cost, Also, an additional




12

two and one-half pounds of shoe weight can increase energy
cost five to ten percent!5. 1This may be an influencing
feotor in the results noted in the Danlels ot al'“ study.

In a better controlled study, Ralston3! standardized
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
for the other were similar and, therefore, unnecessary to
include. It was concluded that there was no significant
difference between the two modes of walking.

Wyndham, Strydom, van Graan, van Rensburg, Rogers,
Greyson, and van der walt3? conducted a study in 1971 which
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 studlies, they also
compared level treadmill and floor walking in an attempt to
resolve thils controversy. Although the treadmill was not
described in detall, 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,
No comments were offered on the subjects attire during the
teats or the experimental conditions under which they were
held. The results falled to highlight conclusive evidence
in favor of either of the previous two studies, The oxygen

consunption for road walking was significantly higher than
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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, 1t disagreed
with the Danlels et all% study. Wyndham's39 own conclusion
was that this question remains open to further investigation.
In summary, it may be said that there is a direct re-
lation between energy cost and velocity of walking. This
18 a linear rslationship if energy cost is plotted against
the squared velocity. However, direct comparisons between
level floor walking or roadway walking to treadmill values

remains a question,

vel W as a Submaxima]l Exercise Test

In 1976, Bassey, Fentem, MacDonald, and Scriven pro-
posed level walking as a form of exercise testing5. The
advantages of this method were outlined as belng more accept-
able to the elderly, orthopedically involved individual,
a familiar form of exercise which does not require training,
and a test which 1s sensitive to age differences, Further-
more, it was felt that this method was more relevant to the
demands of dally living and a realistic method for long-
itudinal studies. Conventional tests were not found to be
satisfactory by the authors as they felt the measurements
were bilased because the rfittest subjects were of ten selected,
The general requirements for a valid exercise test, that the

subjects perform rhythmic exercise with large muscle groups
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over several work levels, .2 net by this method, Repro-
ducibility is also an important criteria which was
demonstrated to be present in thils procedure,

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
completion of the trials. Heart rate was the only physio-
logical parameter measured, and this was found to reach

gteady state on the second lap of the course, These results

were then compared to those obtained from a progressive
exercise test performed on a bicycle ergometer, There was a
significant correlation between walking heart rate and oxygen
uptake assoclated with equivalent heart rates determined
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.

Ste. State Reguirements

Steady state is an important consideration in exercise
testing. In order to obtain an accurate assessment of the
body's energy demands, samples of metabolic parameters must
reflect the true metabolic needs at that moment in time,

This 18 what 18 accomplished by measuring the physiological

data during that period when the energy costs of the body
are being equalized by what the cardiorespiratory system

provides. This period of balance between energy demands and




energy supplied is the steady state condition. This has
been demonstrated with treadmill and continuous floor

walking?=7+13:26, pgssey ot al1® felt they had achieved

this even at their low work intensities. Previous

[N -

ltud10'5’6"o'20'22'}1 which were concerned with con-

tinuous walking did not assess whether or not physio-

logical steady state could be malntsined when turning

around was required.
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CHAPTER III
PROCEDURE FOR OBTAINING DATA

The procedures involved in conducting the study will
be outlined in this chapter. A description of the subjects,
the experimental design, test facilitles 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 theilr signing a subject consent form, presented in
Appendix A, page 88, and photograph release form, presented
in Appendix B, pace 90. A medical history form was com-
pleted by each subject. An example of this form 1s
presented in Appendix C, pages 92 to 94. A cardiologlst
confirmed from these histories that all subjects were

healthy and would be able to complete the study.

Experimental Design

The study was based on a treatment by treatment by
subjects design in which all treatments were administered

to the same subject323. One treatment consisted of the
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following seven walking velocities: 26,82, 40.23, 53.64,
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
of three modes of level walking (segmentel or back and
forth, continuous circuler, end treadmlll). The desigzn

is schematically 1llustrated in Figure 1, page 18. In
addition to this a maximal treadmill exerclse test wus

administered to each of the subjects.

Test racilities and Eguipment

The faciliities utilized for conducting this study
included a general research laboratory and a hospital
auditorium in which a segmental walkway and a circular
walking course were located, respectively. The exnip-
ment and instrumentation used for this study consisted
of a speed control trackin~ system, a speedometer care,
a treadmill, electrocardiorraph equipment, oxyesen uptake
equipment, and a programable calculator.

Walkways. The segmental walkway was located in trne

general research laboratory. The walkway 1s photosraph-

ically presented in Figure 2, page 19, The laboratory
walls bordered the walkway on each end and along one side,
Tha fourth side was open to the laboratory. The wnalkway
was 13.4 meters long and 1,5 meters wide. The walking

surface was a level, tiled floor. Walking veloclity was

recgulated with an overhead speed control-trackling system.
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The circular walking course was located in an open
hospital auditorium. The auditorium is pictured in Figure 3,
page 21, 4n 18,4 meter dlameter circle was marked off with
tape on the auditorium floor. The walking surface was a
level, tiled floor similar to the segmental walkway. Walking
veloclity was regulated with a speedometer cane specifically
designed for thls study.

Speed control-tracking system. An overhead speed

control-tracking system was developed to regulate walking

veloclity on the s2gmental walkway. A detailled 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 chailn was supported at either end by metal gear sproc-

kets. A rubber, foam ball was attached to the chain which
the subject followed as he walked along the walkway. The
power for turning the system was provided by a direct

X current electric motor connected via a transmisslon 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

l into the circuilt and was calibrated according to the vel-
ocity of the chaln in centimeters per second. A description

l of the calibration procedures is included in Appendix E,
page 108. The functional renge of the system wes 17 to

' 225 centimeters per second.

l

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-

Ject., The cane is photographically presented in Figure 4,

page 23. A detailled description 1s presented in Appendix D,
page 39, The cane was instrumented with a revolving wheel

at the tip end and an electronic revolutlon counter on the
shaft ad Jacent to the handle and was calibrated in cent-
imeters per second. The calibration procedures are described

in Appendix E, pace 11Q.

] Treadmill. A Quinton® model 18-54 motor driven tread-
m1ll with variable speed and grade capabllities was used for

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

mill is pictured in Figure 5, page 24, The speed and grade
ranges were 0 to 1) miles per hour and 0 to 27 percent,

respectively, and were calibrated accordinrsly. See Appendix
E, page 112 for a description of the callbration procedures.

Electrocardiograph equipment. A radio telemetry system

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

model 1500B Hewlett Packardb electrocardlorraph, a model

78101A Hewlett Packard FIM receiver, and a nine volt battery
operated Hewlett Fackard model ?78100A transmitter. The FM

recelver was connected directly to the electrocardliogranh,

a Quinton Instruments, Seattle, Washington 98199

b Hewlett Packardi, Curertino, Californin 95014
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Figure 4
Speedometer Cane
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The transmitter was placed in a cloth pouch which was at-
tached to a cloth belt that was worn around the walst of
the subject. Through experlence it was found that the best
location for the pouch and transmltter was over the sacral
area of the back, Tnis minimized movement of the trans-
mitter and in no way interfered with the exercise of the
subject. A Hewlett Packard three lead exercise cable with
reusable electrodes, model 14120A, and disposable electrode
adhesive discs, model 14095B, 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.

oxygen uptake equipment. An open clircuilt method was
employed to determine the oxygen uptake, The equipment
consisted of (1) a rubber mouth piece, (2) two types of
respiratory valves, (3) a nose clip, (4) a flexible tube,
(5) a plastic head harness, (6) Douglas Bags, (?7) gas
analyzers, (8) a 4dry zas meter, (9) a mercury harometer,
and (10) a centigrade thermometer.

One respiratcry valve was the Collins? plastic two
way J-valve., This valve was used during rest and during
moderate exercise, as in the walking tests, During the

exercise test, when deeper and more rapid breathing

® Warren E. Collins, Inc., Bralntree, Massachusetts 02184
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patterns were encountered, the Collins triple J-valve was
used to insure minimal airway resistance. The valves were
supported by the rubber mouth pleces held in the subject's
mouth and the plastic head harness. The head harness was
ad justable in circumference and length, The J-valves
alloved inspirition of room air while directing the expired
air to the collection bagss via the flexible tubing., The
tubling was 3,2 centimeters in diameter and 1.2 meters in
length. The J-valves, rubber mouth pieces, and a nose clip
are shown in Figure 7, page 28, The head harness with the
two way J-valve is shown in Figure 8, page 29,

Plastic 60 and 100 1iter Douglas Bags, Collins models
22619 and 22621, respectively, were used in the study.
Each bag was fitted with a Collins T-shape stopcock valve,
model 21043, to control the opening and air collection.
This valve contalned a gas inlet port for returning the
expired air to the bag after sampling, The bag itself had
a bullt-in sampling tube from which air samples were drawn,
These sampling tubes were closed with spring clamps during
alr collection. An example of the Douglas Bag with stop-
cock valve attached is presented in Figure 9, page 30,

Beckman® electonic gas analyzers, model OM-ll para-
magnetic oxygen (02) vas analyzer and the model LB-2

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

8 peckman Instruments, Inc., Schiller Park, Illinois 60176
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determine the O2 end CO, concentratlions in the collected
explred alr. Each anelyzer consisted of iwo units, & reamote
plck-up head ana & central unit containing & suction pump
for drawing the gas samples, &nd & digitel meter which dis-
played the ges concentrations in percent values. The accu-
racy of the O, eanalyzer was O.1%. The accuracy of the Co,
analyzer was 0.01%. Both analyzers were calibrated with
known gases prior to the testing of each subject. Detells
of this callbration are outlined in Appendix =, page 118.
The Beckman 02 and 002 analyzers are presented in PFigure
10, page 32.

Small diameter tygon tubing was used to connect the
Douglas Bag sampling tube to the O, pick-up head which was
connected in series to the COo pick-up head and the suction
pump of the central unit of the 02 gas analyzer. The
seme type of tubling wes used to connect the exhaust port
of the suction pump to the ges inlet port of the stopcock
valve connected to the Dougles Bag. Thlis arrangement
required the use of only one suction pump and flow meter,
which was menually set at 500 cublic centimeters per min-
ute. It also allowed for the same gas sample to be anal-
yzed for both O, and CO, concentrations and returned to
the Dougles 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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Figure 11

Expired Gas Analysis System
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An American Meter Companya model DTM-11%5 dry ras
meter was used to determine the volume of expired air,

This meter is presented in Figure 12, page 35, The col-
lected alr sample was drawn throuch the esas meter at a
uniform flow rate by a Searsb portable vacuum cleaner,
model 208.6150, The volume obtnined was read in liters
indicated by a serles of dlals on the face of the meter,
The meter was accurate to 0.0l liters. A correction factor
was applied to Linis volume measurement based on instrument
calibrations as outlined in Appendix E, puwve 118.

The mercury barometer was used to measure atmospheric
pressure, This reading was compared with the barometric
pressure of the city ajrport. The centlurnde thermometer
was used to record the room temperature and the temperature
of the expired =ir samples. The barometric pressure and gas
sample temperatures were nrecessary In the calculations of
oxygen uptake, The room temperature values were used to
help standardize ernvironmental conditions. The barcmeter
1s presented in Figure 13, pasge 36.

The oxymen uptake calculations were performed on a
Hewlett Packard model 97 prosramable, printing calculator.
A photograph of the calculator is presented in Figure 14,

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

Warren E. Collins, Inc., Bralntree, Massachusetts (2184

b Sears Hoebuck and Co., lown City, Iowa 52240

fomi ameeed me e o




Figure 12

Dry Gas Meter with Thermometer
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Figure 13

Mercury Barometer
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calculator on heat sensitive paper. Thne prorram util!red in
these calculations was written by the invesiiwator and s
included in Appendix F, page 124, The proeram was trins- t
cribed to marnetic tape ‘or easy accessibllity ar.l storare,
A standard laboratory electric timer, with a minute
and a sweep seccnd nand, wis usei to nonitor tne time par-

ameters durincs the testing proceilures,

Method |

The svecific procedures followed in this study were

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

mill exercise test, neart rate, and oxysen uptake measure-

ments,

Jevel walking. The subjects were welrhed prior to

eacn level walkings trianl., oJimtl r locse fittines clothing
and rubber soled shoes were worn for e.ch trial. The
subjects walked for five minutes at each of the seven
velocities (26.82, 40,23, 53.64, 67.06, B8G,.47, 33.88, and
1C7.29 meters per minute) for each of tne three modes of
level walking (segmental, circular, and treadmill). A

one nminute pause was included between velocities to allow
the investigator to make anpropriate technical adjustmerts,

Treadmill exercise test. The subjects® attire was

similar to that used durlrs level wnlkins. The subjects

were weighed before the exercise test., A nrodified Balke

6

protocol2 was used for the exercice test., The velocity of

h-
i
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the treadmill was maintained at 91.20 or 99,24 meters per

l minute (3.4 or 3.7 miles ner hour, respectively) depending
on the subject's capabilities. The workloads were system-
atically progrescsed by increasing the incline of the tread-
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 regression ejuation of

oxygen uptake versus heart rate for segmental walkine, A

the test was elther a plateau of oxygen uptake or subject

exhaustion,

Heart rate measurement. The standard lead electrode

placement recommended by the manufacturer was adopted. This

I
I
|
|
1 l minimum of three workloads were used. The end point for
!
!
was a three electrode system similar to a modified CM5 con-
l figuration., The electrodes were positioned as follows:
| 1. the right arm lead was tluced at tne mid-
clavicular line just inferior to the rircht
clavicle;
2. the right les (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 vood quality ECG with min-

imal artifact. The electrodes were applied to these sites
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after cleaning with alcohol and abradine the skin sliently

to reduce the electrical resistance, [ne electrode cables
were attached to the telemetry transmitter which the sub-
Ject wore near the sacral area of hls back with the support
of the waist belt. iHeart rate was monltored durine the

last ten seconds of ench minute of exercise., The fifth
minute recordines were considered to be steady state measure-
ments and were used in subsejuent data analysis,

Oxygen uptake measurement. Oxyser uptake was deter-

mined by the open circuit method. The plastic head harness
was ad justed to it each subject and was used to support

the J-valve, Flexible tubing connected the J-valve to the
Douglas Bag. The Douzlas Bag was carried by the investiecator
or by an assistant durine walking on the segmental walkway
and on the circular course and was supported on an adjustable
stand during treadmill walxing, Examples of the rrocedures
for segmental, circular, and treadmill wal%ing are presented
in Pigures 15-17, pages 41-43, respectively. Expired alr

was collected durine the last minute of each exercise trial.
An exchange of Douglas Bags, an emnpty bag for the filled

bag, and other appropriate technical adjustments were made
during the one minute pause between exercise trials. The

0, and 002 gas analysis were performed immediately on the
precalibrated analyzers. The sampling tubes from the

Douglas Bag and stopcock valve were cornnected to the inlet

and exhaust tubes from the gas analyzers. The clamps were
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" Figure 15

7 Procedure for Dutea Collectlon on
L the sSespental Aulkwuy
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Filgure 16

Procedure for Date Collection on
the Clrcular Oourse




Pigure 17

Procedure for Data Collection
on the Treadmill

43
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removed from the sampling tubes and the suction pump wes
turned on &8 wes previously descrlibed in the oxygen uptake
equipaent section, pege 31. The percentages of expired 02
&nd 002 were reed directly from the gas enalyzers. Volume
| messurements were taken following the ges e&nelysis. The
sanple tubes were reclamped and disconnected. The stop-
' cock valve on the Doagles Beg was connected to the inlet
side of the dry g&s meter and the elr was drewn through
the meter by the vacuum cleeaner puap. The difference bet-
ween initial snd finegl meter readings weaes recorded as the
uncorrected volumne of expired eir. Teaperature was deter-

mined during this period to the nesarest one helf degree

centigrade from the thermometer inserted in the exheaust
tube of the dry gas meter. Atmospheric pressure wes mneas-
ured to the neerest millimeter from the mercury barometer.

A stendardlzed procedure was followed in cleening and
sterilizing the mouth pleces and J-vealves used in the »nro-
cedure for expired air collection. The mouthpilece &and J-
valve were first rinsed in warm, running tap water, washed
in a warm detergent solution, and rinsed egain in warm,
running taep water. They were then soeked 1n cidex® solution

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

in running tap water and finally in sterile weter. The

mouth pleces &nd J-valves were placed on a reck to alr dry.

8 urbrook Inc., Arlington, Texas 76010
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Procedures for Data Reduction

The data reductlion procedures necessery to calculate
minute heart rate and oxygzen upteke ere considered in
this section.

Heart rate determlnsation. Minute heart rate was

calculated from the ratio of the electrocsardiograph peper
speed in millimeters per minute to the average R-R intervsal
determined from the electrocardiogram (EC3) of the last
ten seconds of esach minute of exercise. The number of R-
waves and the distance between the first and last R-wave
were used to determine the everegze R-R interval. Since
the paper speed of the recorder was 25 millimters per
second which equsals 1500 millimeters per minute, the guo-
tient of 1500 mlllimeters per minute divided by the R-R
intervel in millimeters provided the nunber of R-waves or
heart rate per minute.

Oxygen uptake determination. The paresmeters neces-

sery for calculsating oxygenm upteke values were: (1) the
collection time, in seconds, of expired &ir, (2) tae ges
fractions of expired 0, and CO,, (3) the volume of expired
air, (4) the temperature of expired air, and (5) the atmos-
pheric pressure during collection.

Atmospheric pressura and explred slr temperature
regdings were used to obtaln the approprlate correction
factor for converting wsarm, molst gas samples to standard

temperature and pressure, dry (STPD). The chart of
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conversion f‘nctorsz8

is presented in Table 18, Apperdix 3,
page 126.

All calculations were performed on a lewlett rackard
model 97 programable calculator. The volume of expired air
was corrected as previously noted in the section on oxygen
uptake ejuirment, page 31, by avplyine the ccrrection factor:
Volume = ,9813X - .083, This volume was then converted to a

minute volume (&E) by the followins formula: (GS 60

TpD *
seconds) & collectlon tlime., Oxyeen uptnke was determined

by the followins formulas:

F =1.00"(F *FE )

E
2 02 €0,

N

To, = (P, x ¥p) - (Fp  x Vg)
0z 0,
FIO and FIN were consildered constants at 2093 and .7904,

2 2
respectively. The Respiratory Luotient (R..Q.) was also

determined by the formula:

J 1%
VE X .Ec 2
RoQu =

V02

Method of Statistical Analysis

The statistical analysecs were performed utilizing the

Statiztical Analysis 3ystem (3A:) library rrorrams LM,
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STEPWISE, ANCVA, and MEANS, The 0,05 level was alopted as
the test of statistical significance for this study.

Linear regsression. The GLM and STEP.ISE procedures

were used for the linear regression analysis. Simple

linear regression zanalyses were performed on the parameters
of oxysen uptake (602) versus walking velocity squared (v2)
and 602 versus heart rate (HR) on each subjlect for each of
the three modes of walking. The means of the slopes and
intercepts of the individual rerression equations obtained
in these analyses were used to «enerate composlte recression
equations for each walking mode, The indlividual regression
equations for 602 versus HR obtained in the first analysis
were used to vredict tne subject's individual maximal
aerobic power (!AF) from maximur heart rate values deter-
nined on the maximal treadmill exercise test, Nultiple
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
the three walking modes, The first set of multiple resres-
sion analyses 1nvolved the parameters of MAF versus the
independent varlables of heart rate for each of the seven
walking velocities, The second set of analyses included
heart rates for only the first five walking velocities,

The final set of analyses involved usines the STEPWISE
procedure in which heart rate values of the different

walking velocliles were systematically added in a forward




r -

- aEm W S0 W Wk

§ M hanth I RN e % G SRR e ook Adibhice p IS " . = 4

48

direction until the best rezression equetion was obtained
with the lezst number of independent variables.

In addition to generating slopes and intercepts for
regression equations, the procedures Gl and STEPWISE
provided coefficients of determination (Re) for each
enalysis.

Analysis of variance. The analysls of varlance pro-

cedure ANOVA wes used to analyze the slopes and intercepts
of the simple regression equations. 4nslyslis of variance
was utilized to compare the oxygen uptake vealues sassoclated
with each walking veloclty across ell walking modes. This
procedure was ulso used to compsre the predicted MAP's

from the submaximal walking modes with the MAP determined
from the maximel treadmill exercise test. Duncan's test,
an ad junct procedure to ANOVA, wes 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
oxyzen uptake and heart rate for the three walklng modes.
The paired t-test, en adjunct procedure to the MEANS
procedure, weas used to test for differences in the fourth

and fifth minute heart rates for segmental walking.
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CHAPTER IV
‘ S ANALYSIS OF DATA
’ A major purpose of this investigation was to deter-

inine the viablility of level walking as & submaximal exercise
Q test for predicting meximel aeroblc power. Three modes of
walking, segmentel, clrcular, and treadmill, were considered.
The questlion whether or not steady state conditions could be
achieved during segmental walkling was & fundamental concern.
An additionel purpose of the study was to examine the dif-
ferences in energy cost between treadmill and floor walking.

The ebllity to predict energy cost from walking veloclty

was a secondary consideration. A4 description of the sub-
Jects and the analyses are included in this chapter. Linear
regression ansalysis was used to evaluate the oxygen uptseke
and heart rate responses to each walking mode znd in the
prediction of energy cost from walking velocity. Multiple
regression analysis aided the prediction of maximal aerobic
power., Analysis of veariance wes used to test the differences

in mean slopes and lntercepts of the regression lines, to !

compare oxygen uptake values at each walking velocity for

the three walking modes, and in the comparison of maximal i
aerobic power values. The palred t-test was utilized to |
determine if steaedy state conditions existed durlng seu- i

mental walklng.

N s e - ] - - - L —-—— - E——
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Subjects of the Study

Thirty normel, young adult meles were employed as
subjects for this study. They ranged in age from 18 to
37 years with & mezn of 28.3 years. The welght of the
subjects ranged from 61,08 to 99.20 kilozrems with & mean
welght of 77.1% kilogrems. A summary of the subjects ages
end welghts with the means end standerd devliaetlions is

presented in Table 19, Appendix H, pages 128 to 129.

Linear Regression 4nalysis

Simple rezression equations were calculsted on esach
subject for oxyzen uptake (voa) versus veloclity squared
(ve) end for VO, versus heert rate (HR) for eech of the

three amodes of walking. Simple coefficlents of determin-

ation (32) were also calculeted. The slopes, intercepts,
and R2 values together with the F velue aznd 1ts assoclated
p velue for these analyses zre presented in Tebles 20 to
25, 4ppendix I, peges 131 to 142. Composite regression
equatlions were calculated from the individual regression
equations by computing the ameans for slopes and intercepts.

2y

Composite R®'s were simllarly deteramined. The composite

rezgression equatlons with stendard errors and mean R2

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, peges 52 and

2

53 for Goz versus v° end VO, versus HR, respectively. The
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Table 1

Composite Regression Equations® snd Meen R2
Values® with Standerd Errors for
Three Modes of Walking
(n = 30)

A. Oxygen Upteke (ml Oo/kg-min) versus
Velocity Squered [(m/ain)2]

Mode of Mean
L Walking Equation R?
Sezmental E = .00136v2(t.30004) + 5.22(2.157) .96(:.0010)'

Oircular E

.00094v2(*.00002) + 6.10(*.158) .98(*.n003)"*

Treadmill E = .00093v2(*.00002) + 5.94(%.150) .98(*.5005)"

B. Oxygen Uptske (ml Oo/kg-min) versus
Heart Rate (beats/mfn)

Mode of Mean
Walking Equation R
Segmentel E = 0.3994R(%.0124) - 23.537(21.457) .94(%.0025)*

0.3154R(*.0088) - 16.028(*0.896) .94(*.2018)"
Tresdmill E = 0.37THR(*.0138) - 21.906(*1.429) .92(*.0029)*

Circular BE

& Equations generated from the meens of the slopes and

intercents »f the iladividuzl simple regression equations.
b Values obtalned from the means of the individual R2
values calculated ed junct to the simple rezression
analysis.

»
All thirty of the individuel 2 values were significant
at the .05 level.
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observed group means and standard deviations &re super-
imposed on the regression lines. The group means end stan-~
derd devisations for GOQ and HR assoclated with walking
velocities for the three modes of walking are presented in

Table 2, page 55.

Multiple Regression Equatlons

Multiple regression equations were calculated in
order to predict maximsal &eroblic power (MAP) determined
during the treadamill exerclse test, froam the submexiinal
heart rate deta obtained during level walking. A forward
gselection, stepwise analysis was used to determine the
best prediction with the least number of independent
variaebles. Equations were salso determined by imcluding
all heart rate values essoclation #ith the seven walking
velocities &end, agaln, on the five slower walking veloci-
ties. Coefficlents of determination (Rz) were calculated
for each equation. The ansalyses were repesgted for each of
the three modes of walking. The multiple regression equa-
tions including R2. P, and p values s&re presented in Table

3, peges 56 and 57.

8 iagnce

Analysis of varlance was used to test for meean dif-

ferences in nean slopes and intercepts of regression lines

2

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

walking. Group means and standard errors are presented in
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Table 4, page 59. The differences in the group means are
resented in Tuble 5, page 60. As can be seen from Table 5,

pert A, the slopes and intercepts of V02 versus va were sligz- -

nificantly different for segmentel versus circular and i
treadmill walking. The slopes and intercepts for circular I
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 treaedmlll walking for QOQ versus HR.

The differences 1n oxygen uptake assoclated with the
seven walking velocitles for the three walking modes were
analyzed wlith the analysis of varlance. The differences

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

This analysis demonstrated that the 602 for the four upper
velocitlies for segmental walking were significantly dif-
ferent than those of circular and treadaill walking. There
were no significant differences in %02 between circular and
treadmill walking.

Analysis of variance was also used to test the differ-
ences between predicted MAP from the three submaximnal level
walking modes and MAP determined on the treadmlll exercise
test. The predicted MAP was calculated from maximum heeart
rate determined during the maximal exerclise test and the
individual regression equations of QOQ versus HR for each
walking mode. The group means, standard errors, &and dif-

ferences in means are presented in Table 7, page 63. 4s
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Table 4

Mesn Slopes, Intercepts, and Standerd Errors
for Three ilodes of Wsalking
(n = 30)

A. Oxygen Upteke versus Veloclty 3quared

] Mode of Meean xean
Aalking Slope Intercept
! ' Seguental 0.00135 (*0.00704) 5.218 (20.1572)
Circular 0.00094 (#0,00002) 6.097 (%0.1576)
‘ Treadmill 0.00093 (20.00002) 5.942 (20.1497)

B. Oxygen Uptake versus Heart Rate

Mode of Meen Mean

Walking Slope Intercept

Segmental 0.3985 (%0.0124) =23.537 (*1.4566)
Circuler 0.3153 (20.0088) -16.028 (¥0.8959)

Treesdmill 0.3769 (%0.0138) -21.906 (*1.4291) g
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Table 5
Differences in Mean Slopes and Intercepts
' foer Three Modes of wWalking
(n = 30)

A. Oxygen Uptake versus Velocity Squeared

. Circuler Walking Treedmnill Welking
3 Slope Intercept Slope Intercept
s * * #* %
| Sezmental 0.00042" 0.8787 0.00043  0.7241
’ Circular 0.920001 0.1546
' B. Oxygen Upteke versus Heert Rate
Circular Welking Treadmill Walking
Slope Intercept Slove Intercept
» »
Segmental 0.0832 7.5092 0.0216 1.6317
* *
Circular 0.0617 5.8775
»

Siznificent at the .05 level, Duncen's multiple
comparison procedure.
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Teble 6

Differences between Grouv Means for QOxygen Uptake
(ml 0p/kg-min) at Seven Velocitles

over Three Walking Modes -4

(n = 30)

A. 26.82 2/min

Circular Treadmill

Segmental 0.154 0.187
Circular 0.032

B. 42.23 m/min

Circular Treedmill

Segmentsl 0.022 2.043
Circular 0.065

C. 53.64 m/min

Circular Treadnill

Sezaental 0.010 0.253
Circular 0.263

D. 67.05 a/uin

Circuler Treadmill

Segpentsal 0.561" 1,092

Slrcilar J.4%
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Table 6 - continued

E. 80.47 m/ain

Circuler Treadmill

Segmental 1.153* 1.543%"
Circular 0.380

F. 93.88 a/anin

Circuler Treedmnill

% #*
Segmental 2.253 2.677

Circular 0.424

G, 107.29 m/min

Circular Treaedmill

Segaental 4.850* 4.798*

Circulsar 0.052 ]

* 3iznificant at the .05 level, Duncan's
maltiple comperison procedure.
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Table 7

Group Means, Standard Errors, and Differcnces between
Means for Predicted® and DeterminedP Maximal
Aderobic Power (ml Op/kg~min)

(n = 30)

A. Group Means and Standard Errors

_ Mode Mean

L ' Segmental 51.988 (#1.276)
Circular 43,676 (X1.134)

‘ Treadmill 49.537 (X1.512)
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 5.153"

8 MAP predicted froam individual regression equations of
VO, versus HR.

b MdAP determined from the maximal treadmill exerclise test.

* Significant &t the .05 level, Duncan's multiple
coapearison procedure.

. . ) - . »
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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 significeantly different from the MAP's predicted from
the treadmill and segmental walking modes. Treadmill and

segmental walklng modes were not significantly different.

The Palred t-test

The fourth and fifth minute heart rates of segmentel
walking were analyzed to see if they were similar. The
palred t-test was used to test the differences between the
fourth and fifth minute heart rates associeted with each
of the seven welking velocities. The group means, standard
deviations, mean differences, t, and p values are pre-
sented in Table 8, page 65. No significant differences

were noted.

'
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CHAPTER V

DISCUSSION OF TdE RESULTS

This study was concerned with the investigeation of
level walking &s & submaximzl exerclise test und its abllity
to predict maximsl aserobic power. Three modes of walking
were considered; segmental, clrcular, and treadmill
walkinz. Since segmental welking was non-continuous in
nature, l.e. it involved turns at the end of eech interval
of walking, & baslic questlion was whether or not steady stete
conditions would be achleved duringz this mode of walking.
To clerify whether or not there 1s a difference 1n energy
cost between treadalll and floor walkling, a compearison of
the energy cost between the three modes of welxing was
mnade. The prediction of energy cost from walking veloclty
was a secondary consideration. Tals section will include
a discussion of the results as related to the stated pro-
blems and subproblems. Topics considered ere oxysen uptake
and heart rate responses durins the three modes of walklng,
the prediction of energy cost from walkingz veloclity, the
prediction of maximal aeroblc power from the proposed sub-
naxlmal exercise tests of level walking, and the cllinical

implications.
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Oxygen Upteke and Heart Rate

The linear regression anelysls of oxyzen uptake (902)
versus velocity squared (v2) indicated that both the mean
slope and mean intercept for sezmental Wwelklng were sig-
nificantly different from those obtained for elther tread-
mill or circular w~alkingz. The fact that the slopes and
intercepts were not different for treaedmill and circular
walking supports Ralston's latest studyB' which equates
these forms of walking. This slso supports some of the
data of Wyndhem et al41 in wnich the energy cost of roed
walking and treadmill walking were compared over three
velocities. The oxygen consuanptlion was hizher for road
walking at the two slower velocities, but simllar &t the

faster veloclty. The results of the Danliels et al14 study,

in which road walking was 9-10% higher in energy cost than
treadmill walkling, disagrees with the present study. 4&s

Ralston hypothesized31 thls may be due to the nature of

v

the walklng surfaces.

48 was seen in Table 5, page 60, the slopes &nd inter-
cepts of 002 versus walking velocity squared were signif-
icantly different for segmental welking compared to circ-
ular and treadmill walking. Thls difference in energy cost

could be attriouted to the turns involved in segmentsal

walking. The nunber of turns required during the five ﬁ
minute welk lncreased proportionately with walking velocity.

The increased oxygen consumption necessary to negotlate




Oxygen Upteke and Heart Rate

The lineur regression anelysls of oxyzen uptake (&02)
versus velocity squared (v2) indicated that both the mean
slope and mesan intercept for sezmental walklng were sig-
niflcantly different from those obtained for either tread-
mill or circular W4alking. The fact that the slopes aund
intercepts were not different for treadmill and circular
walkinz supports Ralston's latest study31 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
velocities. The oxygen consuaption was higher for rosad
Wwalking at the two slower velocities, but similar &t the
faster velocity. The results of the Danlels et all4 study,
in which road walking was 9-10% higher in energy cost than
treadmill walklng, disagrees with the present study. 4s
Ralston hypothesized31 thls may be due to the nature of
the walklng surfaces.

48 Wwes seen in Table 5, page 60, the slopes &nd inter-
cepts of 602 versus walxlng velocity squared were signif-
icantly different for segmental walking compered to circ-
ular and treadmill welking. 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 proportlonately with walking velocity.

The increased oxygen consumption necessary to negotiate
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these terms on the 13.4 meter walkwWwuay was significent ut
the fourth velocity, 67.06 meters per minute, as was dem-
onstrated in Table 6, page 61. Since the energy cost of
segmental walking appeared to be a function of the number
of turns required per unit of time, it wus obvious tnet
the length of walkWway was an lmportant consideratilon.
Accordingly, differences in energy cost should occur at
lower velocities on a shorter walkway and at higher vel-
ocities on a longer walkway. Hypothetlically, for a 26
meter walkway the differences 1n energy cost would not
occur before the seventh walkling velocity, 107.29 meters
per minute.

Although there were differences in energy cost, an
additional concern was whether or not steady state condi-
tlons could be achieved during the segmental walking.
Non-siznlificant 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.

A linear regression analysis was also performed on
oxygen uptake versus heart rate assoclated with each
walking velocity. The analysis of slopes and intercepts
of the regression lines demomnstrated that the response to
circular walking was statistlcally different from treadmill

and segmental walking. This was true for both the slope

USRIy SRR B A




and the intercept. No differences were found between the
slope and intercepts for treadmill and segmentsl walking.
The major contributing factor in this relationship appeared
to be the discrepancies in heart rates at the lower four
walking velocities. The heart rates at these speeds were
similar for treadmill und segmentzl walking, but lower
during circuler walking. 4pparently the effect of the
lower heart rates for circulear walking had & greater en-

fluence than incressing V02 found for segmental walking

when plotting VO2 versus heart rate.

Predicting Energy Cost from Walking Veloclity
To predict the energy cost from walking velocity,

regression equations were developed for each of the three
modes of level walking used 1ln the study. These equations
were presented earlier in Table 1, psge 51. The egquations
are also presented in Table 9, page 70, where they are com-
pared to simllar equations of other studies. A4Also included
in Table 9 1s the predicted oxyzen uptake from each equa-
tion for & slow, comfortable walking veloclity of 67.06
m/min (2.5 MPH). This prediction appears to be similar

for all equations. For graphical comparisons the regres-
sion 1lines of each equation are presented in Figure 20,
page 71. The regression lines appear to be very similar.
The two most dlvergent regression lines were those associ-

ated with segmental walking 1n the present study and the




Table 9

Regression Equations for Predicting Energy Cost
(nl 0o/kg-min) from Walking Velocity

duthor, Mean - &
Year n Age Equation Voo
Rohrig 30 28 I.b E = .001362v2 + 5.22 11.34
(1978) 2. E = .000943v° + 6.10 10.34
3. E = .000934v° ¢ 5.94 10. 14
Blegsey et 2
al® (1976) 20 39 E = .000811v° + 7.55 11.20
Griffith et 5
al120 (1976) 7 32 E = .000909v° + 6.06 10.15
Corcoran & Brengelman!© 5 i
(1970) 32 38 E = .001005v° + 6.15 10.67
9 +
Molen & Rozendal25 >
(1966) 12 22 E = .001045v° + 7.06 11.76
9 + 6
Grimby & Soderholm?! 5
(1962) 36 32 E = .001224v° + 5.80 11.30
Bobbert’ 2 25 & 32 E = .000972v2 + 6.72 11.09
(1960)
Ralston’2 194 32 E = .001097v + 6.00 10.93
Q +

a 602 predicted for a walking velocity of 67.06 m/min

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




(ml 0,/kg-min)

Oxygen Uptake
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Figure 20

Regression Lines for Energy Cost versus
Walking Velocity Squared from
Present and Previous Studies
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regression llne reported by Grimby and Soderholm®!. The
slopes of these regression lines appear to be larger and
tnhe intercept less than the other lines.

Grimby and Soderholmgi reported a correlation coef-
ficient of .87 for their regression equation. No other
previous study reported such a statistic. 4An estimate
of the correlation coefficient for the regression equuations
developed in the present study was obtained by teking the
square root of the coefflcient of determination (R2).

The representetive correlation coefficients obtazined in
this manner were .98, .99, and .99 for the composite
regression equatlions for segmental, circular, and treead-
mill walking, respectively. The results substantlete the

previously repor'r.ed6'7''9'20’2‘'25'52

linear relationshilp
that exists between energy cost end the square of the
walking velocity.

The regression equations for predicting §02 from
walking veloclity developed in tnls study were found to be
quite accurate. The mean §02 observed from the thirty sub-
Jects at each veloclty was compered to the §O2 predlicted
from the equations for segmental, clrcular, and treedmill
walking in Table 10, pages 73 and 74. Percent errors shown
in this teble were calculsated from the following equation:

Percent Error = .Qbserved - Predicted y g0
Observed

Table 10 demonstrates the low percent errors for &ll equa-

tions; the highest mean error was O.13%.
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Maximal 4erodic Power Prediction

Maxiaal serobic power (MAP) was predicted from each of
the three submeximal exercise tests of the three different ’
modes of level walking. 4s was shown in Table 7, page 63,
segmental and treadmill walking over predicted MAP deter-
alned froa the maximal exercise test. The difference be-
tween MAP predicted from circular wealking end MAP deter-
mined from the maximal exercise test was statisticaelly non-

significent &t the .05 level. The percent error and stan-~

derd errors in predicting MAP from the three submaeximel

exercise tests of segmental, circular, and treadmill level

walking are shown in Teble 11, page 76. Percent error was
calculsated es noted in the preceding paregraph. The leargest

percent error was -19.5% associated with segmental walking.

In an effort to generate & more accurate method of
predicting MAP, multiple regression equations were calcu-
lated for MAP versus submaximal hesrt rates at different
walking velocities. A forward selection analysis was used
to determine the best prediction with the least number of
independent variables. Multiple regresslon analyses were
also calculated for all seven heart rates and heart rates
assoclated with the five slower walking velocities. These
eanalyses 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 coefficlents of

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

!
3
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Table !

Group Mesms, Perceat Brrore®, and Steadard Srrore
for Maximal Jerobis Pever (al hg-ain)

Predioted froa Individual iea
Bquations® versus Deters fros
Naxisal Bzercise Test®
(a = 30)

NAP nary Poreeat
Mode Predicted Deterained Srror

Segmental 51,99 (21.28) 44.38 (21.49) -19.5 (20.66)
Ciroular 43.68 (21.13) 44,38 (21.89) 0.4 (%0.%)
Treadaill 49.54 (*1.51) 44,38 (21.49) -13.8 (20.74)
_—

% Percent Brror = [(obnmt - prodtetod)/ohom‘]-loo
b

Prediction of saximal serobic power bdased oa aaxiaum

heart rate obtained froa the saximal exgroise test aad
the individual regression equatioas of V0, versus HR
for each mode of walking.

C Maximal aserobdic pover deterained froa the saxisal
treadaill exercise test.
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.43 for segmental, circular, end treadmill welking, respec-
tively. (This might be compared with associated estimated
correletion coefficients of .73, .77, and .66, respectively.)
The Rz values for the equations which included all seven
heart rate values were .54, .60, end .48 for segmental,
circular, and treadmill walking, respectively. (The repre-
sentative correlation coefficients were .73, .78, and .69,
respectively.) PMnally, .44, .57, and .33 were the R°
values for segumental, circular, and treadmill walking,
respectively, from the equations including only the five
heurt rates of the slower velocities. (The representative
correlation coeffiecients were .67, .76, and .57, respec-
tively.) The coefficients of determination ranged from

.33 to .60 indicating the degree of variability in MAP that
could be accounted for by the independent verlables. 4All
R2 values were significant at the .05 level.

The group means, percent errors, and standard errors
for predictin. MAP from the multivle regression equations
are presented in Tadble 12, pages 78 and 79. Percent error
wes calculsted as previously noted on page 72. The percent
error ranged from -0.003 to -3.99% which were low in con-
trest to the maximum percent error of -19.5% found on the
prediction of MAP from the composite regression equations.

The relatively higzh und stutistically significunt R2

vulues provide credibility to the method of predicting MAP

from hewurt rate values assoclated with submaximal walking
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veloclities. The relestively low percent errors observed in
this prediction indicate the degree of accuracy that can be
achleved. The predictive capability of all of the equations
generated 1s 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 Implicsations

Individuallzed patient counseling and exercise pre-

scription requires a knowledge of the persons work capa-

city. 4accureste assessment of work capaclty cen be accom-
plished through graded exercise tests with special testing
equipment, however, certaln disadvantages such as cost,
nolse, and motor skill have limited the clinical utility
of these devices. Posslible 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.
Bessey et al? considered the advanteges to this method very
acceptable to the clinical situation. The approprlateness
of the test to & wider runge of patients was cited becsuse
of the famillar form of the exercise which could be used

safely by the elderly and orthopedically involved patient.

-
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They also noted that the correlation with the bicycle
exercise test wus reasonably high (r = .79).

The accevcted percent error for predicting MAP from
the conventional submaximal bicycle or treadmill tests is
310%27. The largest percent error obtained from the
regression equations in the present study was -4.04%.
These findings add credence to this form of exercise test-
ing. The next task will be to determine how simllar the
R2 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 circuler and
treadmill walking in thils study, the fourth and fifth
minute heart rate comparison indicated theat steady state

conditions could be achieved. This result indicated the

degree of credibility for thls particulaer mode of exerclse

testing which should be avallable to all clinical faclillities,

The non-significant differences 1n energy cost of
treadmlll and circular walking indicated that oxygen up-
take data 1s interchangeable for these two types of exer-
cise. Data obtained on the treadmill, therefore, can be

validly used in the prescription of exercise treining in-

volving floor walking.

81
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CHAPTER VI
SUMMARY AND CONCLUSION

Purpose of the Study
The purpose of this study was twofold: (1) to develop

a submaximal exerclse test consisting of level walking, end
(2) to examine the differences in energy cost of treedmill
and floor welking. The ablility to predict energy cost from
walking velocity was & secondary problem &s w&as verlfying

steady state conditions during segmental walking.

Procedures

Thirty young, heslthy, adult meles served &s subjects
for the study. The subjects were required to walk for five
minutes at each of seven velocities over each of the three
different modes of waelkling; segmental, circular, and tread-
mill. A maximal progressive exerclilse test on the treadmill
was also required. PFnergy cost was derived from steady
state oxyzen upteke determinetion. The open circuit method
was utilized. Heart rate was determined from electrocard-

lograms obtained with a radio telemetry system and electro-

cardiograph.
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Summary of the Results

The results clearly indicated & linear relsationship

between oxygen uptake (502) versus walking veloclity squared

(v2) and for 902 versus heart rate (HR) for the three modes

of walking. The simple linear regression analyses for these

paremeters ylelded significant mean R° values of .92 to .38.
The mean slopes and intercepts for the individusal

2 provided

simple linear regression equations of GOZ versus v
the basis for developing composite regression equetions for
predicting energy cost from walking veloucity. A4 separate
equation wes developed for each of the walking modes;
segmental, clrcular, and treedmill. 4Anelysis of varlance

of the mean slopes &and intercepts indicated that the energy
cost of segmental welking was significantly grester than
that for circuler and treadmill welking. The difference
between circular and treadmill walking was statistically
non-significant.

Composite equations were simllarly generated for 602
versus HR. 4nalysis of the slopes and intercepts provided
significent differences between those of circular walking
compared to sezgmental end treadmill walking.

The prediction of maximal aerobic power (MAP) from the
submaxinal walking heert rste deta was accomplished by using
a multiple regression analysis approach. Three separate

equations were developed for each walking mode. The first

equation was generated from & forward, stepwise regression

! .
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analysis procedure, The second equation was fenerated as

& result of using heart rete data from all seven walking
velocities. The third equation utilized the neurt rsates
from the five slower veloclities as the independent variables.
R values ransed from .33 to .60. The percent errors found
for predicting MAP were quite low, ranging from -,003 to
-3.99%.

4s reflected by the non-significant differences in
fourth and fifth minute heart rate measurement, steady

state conditions were achieved durlnz segnental walking.

Conclusions

Altnin tne scope und limitztions of tnls study as
outlined in Chavter I, pages 5 und 6, the following con-
clusions are justified:

1. Level walxing, & clinically appropriate form of
exercise, including sesmentul, circular, znu
treadmill walking, can be used as a SudLuximal
exerclse test for normal subjects to predict
MAP witn reasonevble conflidence. Steway state
conditlons are acnleved during segmental wealging,
and, theretore, it is included as & testling mode.

2. The energy cost of treadalll walkins is not dif-
ferent from continuous floor walking. Data
obtalned from treadanill tests caun validly ve

used in exercice truining prescriotions for level

walking.




3. The energy cost of walking caen be confidently
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
wlll be necessary to establish its clinical utility.

T B
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SURJECT INFORMATION SUMMARY

Submaximal Excriise Testing Treadmill and Floor Walking

The purpose of this study is twotold, (]) to investigate the possibilitaes
of level walking as a4 submaxioml exercise test, and (2) tu detiimine 1! there
48 & difference in encrgy requrrcuents for level walking on the treadmi)]l and
the flaor., Pour test sess.ons Of gy proximately one hour rach will be tejuited
of each subjlect. During three Of 'hese sessions the wubiects will wall at
seven velocities on each Of the three muirs of walking: o treadsull, a
circular travk, and a segmental walkway The fourth test sexticn will be @
Baximus treadmil]l exercise test to determine Mmasirum acrubic power . Expired
air will be collected through a scuth prece, valve, and collection bags.
Beart rate will be monitored from & small radic transmitter that the subject
will wear on a beit. These parameters will be monitored during each of the
velocities and during each testing session.

There are no identifiable risks other than those associated with the physical
ensrcise of walking at 1ncreasing velocities and yrades. A physical exam-
ination will be required of all suljects prior to entrance 1nto the study.
The only possible 4 scomfort would be muscle fatique and shortness of breath
relative to the treadnil]l exercise test.

The experience should be educational in nature to the sub)ect, and offer potential
benefit in improving exercise te,ting and exercise prescription.

The subject is encouraqged ard should not hesitate to ask any questions
concerning the procedures of this study. ,

The subject has the privelege and right to withdraw their consent and
discontinue participation in the study at any time without prejudice to i
the involved persons. |

Photographs may be taken for purposes of teaching, for display at medical I
meetings, publication in medical journals, and/or puulications in educational '
brochures, but only ujon additional consent of the stbject (a sample release/ !
consent form is attached). i

The information collected from the measurements and interviews with the
subject will be identifiable only te the project investigator as oiriginating
from a specific subject. The rewults will only be publicly presented as
group findings and not identifiable to andividuals 1n order to protect the
subject's privacy.

1 have discussed the above points with the subject or his legally authorized
representative, using a translator if necessary. It is my opinion that the
subject understands the risks, benefits and obligations involved in participation

in this project.

(DATE) {INVESTIGATIOR)
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CERTIFICATION OF VUTJECT CCrLlT

Project Yitie: Submuxinal Yaercise Testing: Treaamil] and Floor Walking
Investipgator(s): David L. Mielsen, Williar L. Rohrig

I, , hereby certify that 1 have

been told by William L. Rohrig of the Phvsical Tnerapy

Craduate Program that I amto participate in a study to be conducted at
University Hospitals of the University of lowa. The procedures of this
study have been explained to me. 1 am avare that investigative procedures
for energy cost deterrination will be enployed. I understand the possible
discomforts and risks and the possible bencfits relating to this research

project and that I may withdraw from the study at any tipe withcut prejudice

to me.

A vritten sumnary of wvhat I have been told is attached, &ad 1 have been given

an adequate opportunity to read it.

I hereby freely consent to tare part in this research preject.

Signature of Subject:

Signature of Auditor-Vitness:
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CERTIFICATION OF SUM LY

Consent and Relesste for Photomraphs

PROJECT TITLE. SubMaximal Exer ise Testing Treadriil ot tliwer Walkirg
INVESTIGATORS David H. Nielsen, Willian [ kohlsy ’
| ____ 60 hereby give pesmiesion for photogtephs |

(subject 's name)
to be taken of my participetion 1n the above iiddicated st.udy 1. alsu, hereby

release said photographs to the indicated 1nvestigators for the purpose of
teaching, for dispiay at medical meertings, jublication 3. medi.al journajs. and/or i

publication 1n educational brochures.

Signature of Subject:

Auditor-wWitness:

Date:
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FORM FOR MEDICAL HISTURY

NAME s DATE:

Have you ever had any known indications of, or been
treated for, any of the following? (underline applicable
item)

YES NO

1. High bdlood pressure? (If “yes®™, list drugs
prescribed and dates taken.)

2. Chest pain, heart attack, rheumatic fever,

heart murmur, irregular pulse or other
disorder of the heart or blood vessels?

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

the thyroid, skin, or lymph glands?

4. Diabetes or anemia or other blood disorder?

5. Sugar, albumin, blood or pus in the urine,
or venereal disease?

6. Any disorder of the kidney, bladder,
prostate, breast or reproductive organs?

7. Ulcer, intestinal bleeding, hepatitis,
colitis, or other disorder of the stomach,

intestine, spleen, pancreas, liver or gall

Pt s ome oo onn G N UE T G D S S oSe -




10.

11.

12.

13.

14,

15.

16.

YES
bladder?
Asthma, tuberculosis, bronchitis, emphysema
or other disorder of the lungs?
Fainting, convulsions, migraine headache,
paralysis, epilepsy or any mental or
nervous disorder?
Arthritis, gout, amputation, sciatica, back
pain or other disorder of the muscles,
bones, or joints?
Disorder of the eyes, ears, nose, throat
or sinuses?
Varicose veins, phlebitis, hemorrhoids,
hernia or rectal disorder?

Alcholism or drug habit?

Have you:

Had, or been advised to have, an x-ray,
cardiogram, blood or other diagnostic test

in the past 5 years? ___
Been a patient in a hospital, clinic, or
other medical facility in the past 5 years?
(If so, why?)

Ever had a surgical operation performed or

adviged?

93
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ok
YES NO
17. Had any oral or respiratory infections in
the past week? — —
DETAILS OF "YES"™ ANSWERS. Include number of attacks,
dates:
Additional questions:
YES NO
1. Do you get more short of breath than others
your age doing normal daily activities? —
2. Have you ever lost consciousness while
exercising or do you get dizzy with
exercise? I
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?

(Enough to induce free sweating?)
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T™is apvendix 1s concerned with the equipment which
was desligned &nd constructed in conjunction with this study.
lhis equipment consists of the speced control-trecking sys- ;
tem used on the segmental Wwalkwey and the speedometer cane

developed for tne circular walking.

eed Control-Tracki Systen

an overhead speed control-tracking system wes devel-
oped to regulete welking velocity on the segmental valk-
way. The walkway wes previously presented in Pigure 2,
page 19. The system conslsted of & motorized econtinuous
chein to which & rubber, foam ball wes atteched which the
subjects followed &s 1t moved zlong the walxway. The
vertical distance froa the chaln to tne floor wes 2.4
neters. The verticel distence betwcen the ball end tae
floor wus adjusteble. The chain® wes & 1ight welght, min- 4

I
imum friction, non-lubrication type made of urethene

plestic. The chain was reianforced with steesl cables.

The design permitted high speed operation with 1little

noise gnd no mainteneance problans. The chaln was stretched
between two gesr sprockets® in a horizontal loop over the

aldline of the walkwey. The gear sprockets were sasttached

8 Winfred M. Berg, Inc., Bast Rockaway, New York 11518
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to two steel shzfts extendlng downwerd from two zetal

plates walch were suspended froan the ceiling et elther end
of the walkwey. The suspension system consisted of gelven-
12ed pipes which were bolted to two additionel netel pletes
thaet had been vermanently secured to trhe celling. Rectang-
ular slots cut in the bottom plates for tne pipe attech-
nents, allowed position &djustment of the plates and ten-
gion ad justment of the chain. The physicel specificetions
of this mounting system are included in thec mechanical
drewing presented in Figure 21, page 98. 9ne of the gear
sprockets was free turning. The shaft to which it w#wes at-
tached rotsted freely in & flanged, ball-bearing unit which
was bolted to one of the suspenslda pletes. The attach-
meat shaft of the other sprocket was the drive shaft for a

5:1 ratio geer box2 which was bolted to> the other suspen-

sion pleste. The power for turning the system was provided

I by & one-sixth horsepower, 1750 AP{ direct current aotor®
which wes mounted on top 5f the gzear box. With the 5:1

i gear reductlion, the speed range of the drive sprocket was

0-350 RPA. The electric amotor wes controlled by a Ratlo-

pax‘ SCR control package which regulated the samount of direct

current flow to the motor. 4 voltmeter was placed in par-

ellel with the ermature windings of the motor. Since the

& Boston Geer Divislon, North American Rockwell, Quincy,

' Massachusetts 02171
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funatare voltc v wa8 ,rd>pidrt.  gmnl 0 1.+ so+el 27 tne 3OOT
P4, thne voltpeter Co.l3 e usel to Gwonlitor tue speed of

tre cawla. A &iTies Il ren 0f l.ls control systea Lo
resented 1. Ploure -2, ,wse 1,0, 4 pnotozrapn of the
ontrols elon, it 8 portion 2! tne cLeln lewding to tne
80U0r driven Jeer sSnrocKet and the fo&kl Dall ere presented
Figure -°, osaze '01. Tne meter deflection was cealibrated

ercoruin.g to tue velocity of tne chaln 1z ceztiueters per
s+ :0ond. A des.rintion 2t tne cwlidretioan proceijure is
w:xluded in ap;eniix E, page 1_.2. Inadeguete 1ndtor torque
5. 1oWw RPM prevented using tne systexn at veloclities lower
v.an 10 centizeters per seconi. Tne functionzl reange >°

tue tracking systeam wes 17 to 225 ceatimeters per second.

:nesdometer Cune

Walking velocity 2n the circular course W#&s controlled
with & speedometer cane wshich the investigstor or an &ssis-
tant neld &s ne Wwalked with tne sublect. The cane 1is plec-
mared in Fil:uare 4, page 23. The cane was instrunented with
+. revolving wnheel et the tip end szad an electronic revo-
lution counter on the sheaft adjacent to the hendle. 4
smell rubber "O"-ring was plsced wroand the perineter of
tne wneel. The circumference of the wheel including tne
")"-ring was 10 centimeters. A precision bearing was
pressed 1nto & hole drilled 1in the center of the wheel.

Ten equally spaced holes were drilled around the perimeter
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[

I Pigure 23

Operating Controls, Urethane Chaln, Motorized Gear
Sprocket, and Foam Ball of Speed
Control-Tracking System




-

102

of the wheel. The wheel revolved in the saggital plane
around & small metal axle shaft that was attached to the
tip end of the cane. Two opposing metal plates, bolted

to the tip end, served &s mounting struts for tne axle
shaft. Lock nuts secured the threaded enis of the shaft

to the metal plates. Two mnetal sleeves were placed con-
centrically on the axle oa either side of the wheel to
maintein the wheel 1n the center position between the amount-
ing struts., The physical specifications of the wheel and
its mounting &re included in the mechanicsal drawing
presented in Pigure 24, page 103. 4 photograph of the tip
end of the cane 1s presented in Pizure 25, page 104. 4
minlature ultraviolet light source® wes aounted on the
inner side of one of the metal plates. The 1lizht source
was positioned 1in line with the holes drilled around the
perimeter of the wheel. A minieture photocoll‘ was mounted
on the opposing metal plute in line with the light source.
This arrangement caused an interruption in 1ight on the
photocell 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. 4 nine volt battery served as the

power source for the system. A wiring diagram for the

& Pexas Instruments, Chicego, Illinois 60646
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Pigure 25

Detall of Speedometer
Cane Tip
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electronics of the speedometer cane is presented in Pigure
26, page 106. The amccurecy of the speedometer cane was
very higch as {s demonstrated in the calibration procedures

described in Appendix E, page 110.
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CALIBRATION PROCEDURZS
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This appendix deels with the callibration procedures 4
perforned on the equipment used in the study. It wes
important thet welking velocity be consistant between the
three modes of level walking. Therefore, it was necessury
thet the devices used to regulete these velocities were
accurate and relizble., The accurecy and reliablility of

the oxyzen uptsake equipment wes equelly as important.

Specific methods of calibration were employed on the speed
control-tracking systex, speedometer csne, treedmill,
oxyzen and ceroon dioxide ges anelyzers, end the dry zs&s

meter,

Speed Control-Tracking 3ystem

An electronic timer, photo relasy, and two photocells
were utilized in calibreating the speed of the speed control-
tracking systen. The electronlic timer was a Junter® model
120C end the photo relay & Hunter® model 335S. This equip-
ment 1s presented in Figure 27, puge 109. One photocell
turned on the timer and the other turned the timer off when
their respective light sources were interrupted. The photo- ;
cells were srranged 192.1 centimeters apart at right angles

to the urethane chaln. Their positions neer the cheln i

8 Hunter Manufacturing Company, Inc., Iowa City, Iowa 52240
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enabled tne rubber, foam ball atteched to the cheln to
interrupt the llght sources, eactuating the photocells and
subsequently controlling the electronic timer. In thls
manner the time necessery for the bell to travel the 192,1
centimeters between photocells was &ccursately recorded.
This wes performed for three trlsls at ezch of eizht set-
tings over the range of the meter znd the speed of the
trecking system mnotor. The pean time of the three trisals
Wwus consldered the most relizble measure end wes used to
conpute the velocity of the ball and calibrate the meter.
The values Wwere exvressed in centimeters per second. The
mean times, standerd deviations, and calculated veloclties
of each setting ere presented in Table 13, page 111. The

linearity of the system wes 0.57% full scsle.

Speedometer Ceane

The speedometer cene was celibreted with the aid of
the previously mentioned electronic timer, photo relay,
photocells, and treadmill. The photocells were positioned
to time the revolutions of the treedamill belt. The belt
Wwas measured to be 310.90 centimeters in circumference.
The wheel at the tip of the cesne was placed on the revolving
treudmill belt and held in & steady position. The digltsl
display of tne speedometer cane wes read as the treadmill
belt moved throuzh tweanty-five revolutions. The velocity

of the belt was calculated by noting the time necessary for




Table 13

Calibration of Speed Control-Tracking System:
Mesr Times, Stendsrd Deviatlions,
and Cslculeted Velocities®

Meen Celculeted
Time Stendard Veloclity
(sec) Devietion (cm/sec)
4,305 L0171 41.72
2.826 <2076 657.28
2.054 . 2040 93.5¢
1.703 .ON25 119.84
1.205 «0020 147.70
1.105 2025 172,38
2.245 0015 139.27
0.862 .0206 222.85

8 Velocity celculeted over & distance
of 192.1 cm.
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tne tweaty-five revolations wni the distence tawt the belt
ned goved durin;: tiat time. Thnls wWwas repected for three
triels at ezch of four veloclty settlings. Ine peen tlae
for thne thrze trials was used to calculate the velocity of
the belt., The uean velae of tae auizitelly displayed velo-
city of tane speedoueter cene ves conmpered Aita the 11ean
calculated velocity of tae treedanill belt, These compar-
1saons with the resvective percent errors cre presented 1in
Tzble 1%, ope=ze 113,

Tae s3seedanaeter cane wWas also valldated on its zbility
ts regulezte walkliag velocity by use in wWelklng trials. The
investigator walked down & 21allwey usia; the cwzne t2 control
als veloclity wnd attempted to follow tne sevea veloclitles
a3ed 1in the stady. Flve tricls sere uced &t each veloclty.
Tne tlme necessary to walk twenty meters of tne hellway
Wwas recorded by tae priviously wnentioaed pnotocells and
electronic timer. The me:zn tize o2 the five triels 4es
ased to eonoute Yie walking veloelity. The dasired velacity,
tie calculeted velocity, and the resaectlve cerceat e2irors

ere preseated in Teble 16, paje 114,

Treedalll

The velocity 2¢ the trecdaill wus callbrated with the
aid >f tne prreviously aentloned electronic tlumer, pnotn
relay, and ohotoca2lls. The thotocells were positlioaned neer

tae treudalill belt in order to tliae thae revolutions. The
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Teble t4

3peedoneter Cane Calibrestion on Tresdmill:
Jdean Times, 3tendard Devietions, gean
Treednlll end Cezne Velocities™,
«nd Percent ZErrors

Yezn Treadanill Cane

Time Standard Velocity Velocity Percent
(sec) Devistion (cm/sec) (ca/sec) irror
130.33 <435 45,84 41.0 0.2
38,86 . 347 BT.47 58.5 1.18
56.91 409 136.57 137.5 0.58
42.02 L0110 184,97 186.0 .56

8 Velocity cszlculated over s distaznce of 77.724 meters.




Sveedometer Cane selklag Tricls:
Desired Velocity,

Devigtions,

Teble

5

dean Tlzxes,
Celculsated

Velocity®, und Percent Zrrors

Standerd

dean Desired Calculseted

Tiae Stendserd Velocit Velocity fercent
(sec) Deviatlion (cm/sec{ (cm/sec{ irror

44,67 .3325 44,79 44,37 Je5)

27.89 « 257 57.26 5.1 J2.22

22.76 224 33.41 R7.87 1.72

18.17 112 111,75 110,27 1o

15.21 279 124, 11 131.43 1.35

12.86 .110 156,46 1.9.52 2.52

11.38 . 103 173.82 175.75 1.72

a Velocity czlculated over & distcnce of 20 aeters.
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asecourel clrcuaaference 27 te telt 4es 12.97 ceatlaeters,
The treedmill wes ran &t tie sevea velsclties ased 1n tne
study. Three trlels were tlmed ot cica velaclity. zacn
crial conslisted 00 vueaty-Yive revolations 28 tre aelt,
Toe a=an tial Jor the tnree triels 403 useil la the calcu-
tstlon o veloolty «t each setting. e desirel velocity,
celeuletel velnelt,, and the resovective wrceant 2rrors ere
presented in Tuble 16, peaze 116,

The tread: i1ll Jes &lso celivrated wecordias to tne
ovreant incline, or grede, wilch wes used ia the aezxlcial
acerclise toleruace test, The »ercant ;rude Jdas defined es
tae retlo of rise to rua aultiplied by 130 (# grade = rise
/run x 130). Tor measurement purposes tne side view of
the treadmill was equated to & right trisngle when inclined.
Tne hypotenuse Wes a fixed distence and could be measured
1irectly. 3imilerly the esmount of rise could be measured
directly. The amount of run, or base of the triangle, was
cslculeted using the Pythazorean Tuneorea, a2 = b2 4+ c2,

Tne method just described is schematically represented in
Tizure 28, nzze 117. The procedure weas performed throuzh-
out tne raase of the meter oa the treadanill. The lergest
descrepancy was noted when the treedsilll wes adjusted to
z a2ter reading of 174 zrade. The celculated greade &t
tals settin: was actually 184, TFor every other grade

beyond this setting the czlculated percent grede was 1%

over the value ;iven on the meter,
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Table 16
. Tread:nill Velocity Csllibrutlon: Mesn Times, Stundard
Devistions, Desired Velocity, Calculected

r Velocity®, &nd Percent Errors
Yean Desired Celculated
Times 3tendard Velocity Velocity Percent
(sec) Deviation (cm/sec) (cm/sec) Irror
184,64 1.2028 44,70 42,09 5.84
86.97 2,012 89.41 83.37 J.04
58.72 D.310 111,756 113,190 1.20
56.58 2.010 134,11 137.37 2.43
48,17 0.012 156.45 161.356 3.13
42,21 2.000 178,82 184,13 2.937

8 yelocity calculated over a distznce of 77.724 meters.




hypotenuse

run

hypotenuse = 180.34 cm.

run = V/hypotenuse2 - rise?

rise

£ incline = x 100
run

Figure 28
Treadmill Incline Calibration

rise

W17
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Oxygen @nd Csrbon Dioxide i&8 inslyzers

The oxy<en (O,) wand cerbon dloxide (CJ,) gu8 anslyzers
were calibreted priosr Lo testinz eacn subject. Each
snalyzer was cnhecked wit1l «nown Zcses. Ine J, analyzer
was celloreted with room sir which was assuaed to %e 20.3%
02, then checked witn & Xnown Z&s contulaing 1).5% 32.
The CO, enulyzer wes first set dn zero usinZ 1J0% nitrogen,

snd then ceslibreted with & known Zas contalning 7.96% COQ.

Dry Gas Meter

The dry £us meter Wwas cellbrated @t the flow rate used
in the study by drewln . known quantities of alr through the

meter from & Collins P-17J00 Gesometer. This spiromneter 1is

pictured in Fizure 23, pege 119. Three trials were performed

et five different volumes. The meen volune observed from
the g&s meter for the three trials was used ln the celcula-
tion of a regression equation, Y = 0.9813X - 0.083 (r = .39)
38 volume measurements were obtalned by substituting the
zas meter reading, the differences between the fine&l &nd
initiel meter reeding for each triel, for tne "X" value

in the equsation. The messured volume of alr from the gas-
ometer, the observed volume, end tne stenderd devietious

are presented in Teble 17, pege 120.
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Collins P-17)0 Susoweter

119




- e ——p————— b o ol

Table 17

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

Known Mesasured
Volume Volume Stendard
(l1iters) (1iters) Deviation

13.22 13.65 . 040
26.64 27.19 .045
39.96 40.87 .050
53.28 54,41 .046
65.60 67.91 .046

120 i
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APPENDIX F

CALCULATOR PROGRAM
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All calculations for deternining oxyzen consuaption
were performed on the Hewlett Packard model 37 calculetor.
To minimize possibilities for errors the calcul&tor re-
ceived &8 auch raw datas &8 possible, therefore reducing
the need for extrsneous calculstions. The purameters
necessary for determining oxygen upteke Wwere systematically
entered into the calculstor storuaze tocllities. Tnhne order
in which they were entered corresponded to thelr locstion
on tae &ppropriate deta work sheet. (ZEZxamples of these
data sheets are presented in 4vpendix J, pages 144 and 145.)
The parameters entered were the following:

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

2. Percentage of expired oxygen;

3. Percentage of expired carbon dioxlde;

4, The STPD conversion factor;

5. The subjects body weight, inr kilogrems; and

6. The volume of expired air.

The calculstor corrected the volume of expired air by using
the equation derived during the calibretion of the dry ges
meter, a8 previously described in Appendix E, page 118.

The calculator then corrected this volume to standard
conditions (STPD) by multiplying by the conversion factor.

By using the amount of time reported for collection of the
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expired air, the calculator coanverted this standerd volume
into & minute volume (GE), which was used in further cal-
culations. The formulas for derivinz oxygen uptake pre-
viously described in Chaper III, page 46 were used by the
calculator. After the computations were complete, the
calculstor printed the followinz:

1. [he ainute volume (&E);

2. Oxygen uptake 1ln liters per minute:

3. Oxyzen uptake in milliliters per kilogrem

per minate;

4, Oxyzen upteke in metabolic equivalents (MET);

5. The respiratory quotient.
The complete program for the Hewlett Packaerd model 97 cal-

culator is presented 1in Figure 30, page 124,
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APPENDIX G
STANDARD TEMPERATURE AND PRESSURE,
DRY CONVERSION FACTORS
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APPENDIX i
SU3JECT AGE AND WEIGHT

4
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Teble 19
Subject Number, Age, end Welght (kilograms)
With Means and Standerd Devisations 4
Jﬁumber hge - WeT.g,h=t-==

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

3 32 83.75

10 32 67.73

" 35 69.20

12 23 82.50

r 13 18 61.08
14 27 73.98

15 23 67.62

16 37 96.12

17 32 63.98

18 36 91.52

19 30 99.20

20 22 78.64




129

Table 19 - continued !

Number Age Neight
21 25 68.98
22 24 T4.49
23 23 70.96
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

Mean 28.3 77.16
Standard Deviation 4.99 10.17




, APPENDIX I
INDIVIDUAL SIMPLE LINEAR REGRESSION ANALYSES
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Teble 20

Individusl Slopes, Intercepts, Rz, P, end p Vilues
_ for Simple Linear Regression Analysis of

! Oxygen Uptake versus Velocity Squared

for Segmental dAdelking

Subject 2

Number Slope Intercept R

1 .20127 5.926 .98 298.19 .000%

2 .00120 5.750 .37 152.66 .0001
1 3 .02150 5.733 .98 260.53 .2001
; 4 20139 4.139 LT 142,58  .2001
’ 02147 4,763 .97 169.05 .0001%
.00131 4,669 .97 139.97 .2001
202129 5.854 .97 144,88 ,0001

5

6

T
) 8 .0D142 4.818 .31  50.03 .00209

9 .00119 5.982 .37 174.72 .2001

0 .00171 6.564 .98 238.15 .000%
11 00115 5.370 .94  T4.32 .0003
12 .00140 4,586 .94  T74.32 .0003
13 .00146 4,349 .91  50.13 .0009
14 .00150 5.934 .97 161.20 .0001
15 . 009091 6.854 .86  30.31 .0027

16 . 00097 5.175 .92 58.17 .0006

17 .00158 4,528 .90  46.51 .0010
18 .00146 3.099 .95 102.88 .0002
19 .00149 3.796 .99 418.80 .0001
20 .00129 5.103 .98 244.94 0001




Teble 0 =~ continued

Subject

2

Jumber Slope Intercept R F p
21 . )0166 5.690 .38 134,03 ,0001
22 L0011 1) 4.315 .97 153,09 .0001
23 . 20136 5.317 .39 383.55 .000
f 24 L0166 4177 .95  82.95 .0)08
’ 25 L2013 5.788 <36 137.40 .07
26 .201038 5.597 .39 377.8% .H0M
27 L2017 5.487 .36 137.70 .D001
28 .001 30 2.050 .97 145,82 ,92001
29 .00149 4.854 .98 223,57 .00
30 « 20130 2.770 93 57.98 .2004
Mean .00136 5.218 .96
5.D. .n0022 2.861 .03

132
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Teble 21

Individusl slopes, Intercepts, R2, F, end p Val.ies
for simple Linear tesression Anelysis of
Oxyzen Jptece versus Velocity 3iquered
for Circuler Jalxing

iﬁ:gzgt 3lope Intercerpt R2 ¥ p
1 . 22077 6.092 .38 236.81 .J001
2 . 20080 6.566 .99 307.84 .2001
3 .02095 5.682 .99 1113.35 .20
P 4 . J0094 6.556 .38  225.31 .00
5 .02083 5.019 .38 223.19  .00O0
6 . 2203 4,821 .93 1568.10 .H001

L0125 5.139 .98 245.52 2001

" .N0089 5.370 .99  474.59 .D001
9 .00112 6.015 .38 234,18 .00
10 .20127 6.863 97 166,46 .2001
11 . 20120 5. 386 . 79 719.20 .2001
12 . 20096 5.314 .97 176.83 .0001

13 .N0124 5.725 .99 1232.88 .0001
14 00119 6.207 .99 557.45  .2001

15 .20098 7.828 .99  593.20 .9J001
15 . 00068 6.118 .99 7763.45 .0001
17 . 20090 9.200 .95 93,86 .0202
18 .20120 6.289 .39  472.39 .9J001
19 .00122 5.348 .98  235.11 .0001
20 .2707% 5.095 .99 2152.49 .000t




Table 21 - continued

- - -

g::gzgt Slope Intercept R2 F P
21 . 00127 5.888 .99 1525.35 .0001
22 .00082 T.231 .99 360.87 .2001%
23 . 20095 6.539 .98 238.69 .2001

} 24 .00039 5.251 .37 131.33  .2001%
25 . 20089 6.492 .38 321.25 .0001
26 . 20092 2.521 .9 485.68 .0001
27 . 00081 5.875 .39 473.08 ,0001
28 . 00084 5.115 .99 1828,80 .0001
29 .J0112 5.201 .99 551.44 2001
30 . 00093 5.813 .38 223.93 .00
Aean «20094 5.097 .98
3.D. .02012 0.918 .

‘ BN Ea = ] ] | o= o= PN PR,
¢
!
i

134




*'—-'?—"—'—-'—1

134

Table 22

! Individusl 3lopes, Intercepts, 32, ?, and p Values
for 3imple Linear Reigresslon Anelysis o2f 4
Oxygen Jptake versus Velocity Squared
for Treadmill Walking

Sudject
Number

3lope Intercenont R2

1 . J0094 5.382 .95 103,22 .2002
.00086 5.677 .96 114.88 .02001
.00103 6.549 .99 393.31 .,0001

& v N

. 20095 5.398 .97 144,82 .0001
.20128 4,135 .99 347.42 .D0D1

U

.00097 6.016 .96 107.75 .0001

ON

20122 5.828 .39 424.41 0001

7
8 L0073 6.877 .98 301.58 .0001
? <0117 5.426 .28 335.88 .29201
0

. 02094 7.241 .99 599.63 .0001
" .20089 6.151 .97 147.31 D001

12 .00087 5.716 .98 298.30 .0001
14 LOD113 A.5T1 .94 B4.37 .0003

15 .22107 5.543 .98 224,24 0001
156 . 22075 5.513 .98 222.54 .2001

17 .20053 4,059 .99 371,20 .00J01
18 .00095 5.167 .97 184.94 0001
. 19 . 00299 6.455 .96 118,38 .0001
‘ 20 « 00094 9.69% .98 246.43 .0001
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Tuble 22 - coatinued

bject 5
‘ §3m%e§ Slope Intercept R P

21 . 20104 6.469 .99 633,87 .200t
22 . 20091 5.122 .99 368.06 .09201
23 . 00086 6.725 .98 284.58 .2001
24 .02078 T.134 .35 115,94 ,0001
25 .00100 6.735 .95 93.83 .2202
26 .20087 6.119 .38 222.75 .0001
27 . 00122 6.881 .98 194.276 2001
28 <00084 5.693 .98 247.235 .0001

29 .00036 4,884 .99 356.90 .D001

30 . 00995 5.714 .39 173.98 .0001

Mean .00293 5.942 .98
S.D. .00013 0.820 .01
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Table 23

l Individual 3lopes, Intercepts, 32, F, and p Values
for Simple Linear Regression Analysis of
Oxygen Uptake versus Heart Rate

for Segmental Walking

gzzgzgt Slope Intercept R2 P p
1 .333 -18.465 .39 598.69 .0001
2 .315 -17.589 .91  48.13 .0010
3 . 354 -17.584 .97 152.19 .200t
: | 4 .380 -16.153 .96 110.00 .2001
5 . 456 -28.120 .93 253.21 .20
| 6  .438  -25.320 .98 218.72 .000!
7 c413 -21.2562 .95 37.74 .0002
3 497 -32.244 .98 297.96 .0901%
9 .324 -18.773 .92 55.49 .7007
12 . 353 -15,764 .94 79.29 .0033
1" . 326 -16.180 .93 390.20 .0001
12 . 526 -45.231 .58 6.90 .0467
13 L4090 -27.536 .88 38,45 .1016
y 14 .400 -20.732 .99 380.21 ,0001
15 . 309 -10.766 .83 24.34 .0043
| 16 « 337 -17.339 .36 133.85 .0001
‘ 17 .338  -21.162 .96 114,12 .0001
18 .502 -28.434 .98 218,40 .0201
. 376 -26.407 .97 1063.26 .0001
. 501 -35.562 .94 T7.11 .0003

l .
' 20




Table 23 - continued

Subject

Intercept Re

Number  Slope F P
21 439 -29.535 .96 109.66 .0001
22 . 490 -25.041 .98 201.57 .0001%
23 « 391 -26.604 .99 432,02 .0001%
24 443 -35.367 .95 83.43 .0007
25 <314 - 8.355 .97 146.88 .0001
26 374 -22.939 .88 36.91 .0017
27 . 507 -35.283% .94 T72.04 ,0004
28 405 -26.601 .95 93.49 .0202
29 . 309 -17.957 .98 235.70 .0201
30 . 365 -18.606 .90 46,56 .0010

Mean . 398 -23.537 .94

S.D. .068 7.978 .08

" ’
l.. e 0
- 3 ds a N
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l Table 24
' Individuel S5loves, Intercepts, RQ, F, and p Values
for Simple Linear Regression Anelysis of
] O o Cireular delking *
l
' gﬁ:gzgt Slope Intercept R2 ® P
! . 1 . 302 -11.541 .9 50.90 .0008
| ' 2 . 203 - 5.534 .37 156.80 .0201
3 . 340 -18.157 .98 250.53 .0001
I 4 . 343 -15.792 .97 182.97 .0201
5 . 380 -21.157 .84 26.38 .0037
' 6 314 -16.£68 .98 211.23 .J001
l 7 . 343 -15,100 .92 53.23 .0006
8 . 341 -17.660 .94 73.82 .0004
I | 9 .269  -12.972 .38 308.03 .0001
- 10 . 342 -17.970 .99 350.84 .0001
A ' 1 « 379 =21.724 .94 T4.00 .0004
l 12 . 284 -14.925 .98 191.63 ,0001 ﬁ
. 13 . 344 -18.180 .97 153.67 .000
| 14 360 -17.128 .95  95.87 .0002
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
' 19 .270  -17.206 .95  97.55 .0002
l 20 . 291 -15.460 .90 45,27 .0011
i

- -




140

Table 24 - continued

Subject 2

Nunber Slope Iantercept & F P
21 . 291 -12.485 .88 37.61 .0017
22 « 344 -13.460 .86 30.86 .0026
23 .34 -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%
28 . 308 -15.828 .89 40,96 .0014
29 . 279 -17.273 .99 834.33 .0001
30 311 -13.056 .93 67.50 .0004
Mean « 315 -16.028 .94
S.D. . 048 4.907 .05
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Table 25

Individual Slopes, Intercepts, RQ, F, and p Values
for Simple Linear Regression Analysls of
Oxygen Uptake versus Heart Rate
for Treadmill Walking

famlws: A et

-—
-

0257 -200 357 '80 ,9072 .0068
0536 -32. 246 .93 65.‘8 00005
. 362 ‘2‘. 46“ . 87 }4. 00 . 002‘

S & @

Sublect Siope Intercept R° P P

i 1 311 -12.822 .98 269.65 .0001

| 2 .283  -12.30% .98 254.44 .0001

3 . 325 -13.307 .98 182.39 .0002

| 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

' 9 . 382 -23.631 .95 93.44 .0002

10 .284  -13.761 .99 374.30 .0001

I 1 371 =24,951 .97 181.11 .0001

' 12 .518 -41.055 .57  6.60 .0501

13 . 348 -18.191 .88 35,62 .0019

l 14 393 -19.994 .98 291.41 .0001

15 312 -12.028 .96 106.81 .0001

' 16 323 -17.722 .91 52.37 .0008
i
|
|
i
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Table 2% - continued

gz:g:gt Slope Intercept R2 ) P

21 <403 -28.929 .80 19.75 ,0067

22 . 461 -22.513 .95 86.80 .0002

23 . 400 -30.422 .94 82.95 .0003

[ | 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 L4847 -35.246 .90 43,06 .0012

28 420 -25.895 .96 138.56 .0001

29 <353 -24.330 .98 227.11 .0001

30 .382 -22,665 .90 45.69 .0011
S Mean «3T7 -21.906 .92
S.D. .075 7.828 .09
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| APPENDIX J
DATA WORK SHEETS
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