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PREFACE

*But wait a bit,” the Oyster cried,
“Before we have our chat;
For some of us are out of breath,
And all of us are fat!”

Through the Looking Glass
by lewis Carroll

We are cautioned today by responsible physicians and public health
specialists that the physical fitness of the American population is alarmingly
low — that reserve power is insufficient for occasional bouts cf strenuous
sport or work without the risk of physiologic embarrassment. That physical
reserve capacity which is optional for the population as a whole becomes a
critical necessity for military personnel called upon to perform maximally.
Armed Forces drawn from such a civilian pool must, therefore, be condi-
tioned to fithess and sc fed. clothed, and supported that capability is
sustained under the most adverse conditions. For obviously in a defense
mission we cannot “wait a bit,” the end of most fat oysters being lunch for
those more fit.

The research efforts of the Quartermaster Corps in this regard are
directed toward support of physical -apability, for it is our responsibility
to determine which foods will comprise a ration, when and how the man is
to be fed. what he will wear, and how these factors relate to his required
activity. As in any research problem, it is necessary to define the area of
interest, to delineate the factors which are relevant, to select criteria which
truly evaluate the phenomenon, to formulate hypotheses, and to develop
methods suitable for assessment. Finally, it is required that observations
be made and that conclusions be discussed in open court. It was to this
end that the late Dr. Harry Spector, together with Dr. Austin Henschel,
asked the National Research Council to convene a group of recognized
experts for a free exchange of ideas, facts, and speculations pertinent to
research into man’s capability for physical work.

Upon the untimely demise of Dr. Spector, Drs. Josef Brozek and
Martin S. Peterson graciously offered to edit the proceedings of that con-
ference. A word of thanks should also be given to Dr. W. George Parks,
Executive Director, National Research Council Advisory Board on Quarter-
master Research and Development, and his staff for their yeoman services
in organizing the conference. For their good efforts and those of the several
participants we are indeed grateful.

Doris Howes Calloway

Chief, Nutriticx Branch, Food Division
Quartermaster . vod and Container
Institute for the Armed Forces
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HARRY SPECTOR (1915-1959)
IN MEMORIAM

The idea of the symposium on Performance Capacity was conceived
one August afternocon during a long walk through the rolling countryside in
the vicinity of New London, New Hampshire. The walk and the discussion
that took place in its course was one of those extracurricular activities that
make the Gordon Research Conferences so precious and that made them so
dear to Harry Spector.

It may, then, be appropriate to cite in this In Memoriam the statement
prepared at New London on August 20, 1959, some four years later:

“The Gordon Research Conference on Food and Nutrition pauses
sorrowfully in its scheduled program to note and record the death of its
1957 Chairman, Harry Spector, and to convey to his family and professional
collcagues its deep regrets at the luss of an esteemed co-worker and valued
friend. His untimely passing, after years of devoted service to his country
and his profession, leaves a void which all of us, in this conference, will
feel in the years to come.

“The sciences of nutrition and tood technology can ill afford the loss of
one who so successfully joined their disciplines for the betterment of man.
Past conferees will long remember, and future conferences miss, his cheer-
fulness, his astute comments and his ability to leaven the seriousness of a
session with a twinkling eye.”

J. B.
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Proceedings of the Symposium
on

PERFORMANCE CAPACITY

. INTRODUCTION

OPENING REMARKS
JOHN D. PETERMAN, COLONEL, QMC
Commandant, Quartermaster Food and Container Institute

for the Armed Forces

The Quartermaster Corps of the Army and the Armed Forces in general
receive a gréaf deal of benefit from meetings of this kind. We look to our
scientific and technical personnel for answers to problems of direct military
interest. But we know that they do not have all the answers to the many
food-related problems encountered in the performance of military duties,
including the supreme duty, combat, and we don’t even know all the prob-
lems. Our scientific and technical personnel must therefore look for assist-
ance, at various times, from specialists outside the Department of Defense.
I can assure you that seasoned membere of the Armed Forces can recognize
adequate or inadequate performance. They may not know what makes
a good soldier from a biological or psychological standpoint, but they know
a goor: roldier when they see him in action. In consideration of the increasing
strezs and strain of military operations, we need to have more fundamental
data on performance. We need that data in order to be able to predict
performance or to improve it. From this conference we shall derive, I am
sure, some valuable guidelines for an effective appraisal of performance

capacity, needed in developing and testing military rations.




Objectives of the Conference

JAMES M. ALLISON
Rutgers, The State University

New Brunswick, New Jergey

We on the Subcommittee on Nutrition, Committee on Foods, Advisory
Board on Quartermaster Research and Development, are interested in per-
formance capacily because of the experience we have had in the past in at-
tempting to correlate the nutritional state of the individual with perform-
ance. During Worid War II, when we were studying the emergency rations,
we set up some experiments which emphasized the interrelationship between
nutritional state and performance capacity. These experiments brought out
our lack of knowledge of what we really meant by performance capacity
and how to measure it adequately.

For example, one of those experiments had to do with animals. We put
some puppies on a diet that we felt would develop their lean body mass to a
maximum and possibly keep their fat reserves at an optimum. We were
trying to develop the ideal animal to measure performance capacity. The
puppies grew into lean, active animals, Litter mates, grown on a diet which
was somewhat deficient, developed their fat stores adequately and probably
maore than they should, but the lean body mass was abnormally low. They
appeared somewhat hypothyroid. They were nice hittle animals, and many
people picked them, in fact, for pets. They were not as active as the others.
Their behavior and their performance capacity differed from that of theis
vrothers and sisters who were being raised on the diet that developed the
texly stores in a different way.

Then we took some adult dogs and put them on a diet that again
developed their lean body mass (their protein reserves) and certain other
reserves maximally, or so we thought at the time. We placed anothee group
on another diet, one that was more or less deficient in many respects, but
nevertheless a diet that might be used by people. The animals became
depleted in certain of their protein reserves. Then we put them on an
emergency ration. Within 10 to 14 days the depleted animals were in trouble,
whereas the others ate the emergency ration for a period of about 90 days
before .we could notice any loss in ability to perform. Again our meastre-
ments of performance capacity were inadequate.

I might mention one more experiment of this type, one that was very
dramatic. We put some hamsters on a diet that we thought would develop
them inte #leal animals. They grew rapidly, and they certainly looked to
be in exceilent shape and performed very well indeed. Some of their litter
mates wete faised on laboratory chow made up of natural foodstuffs. They
did not look to us to be in optimum nutritional state, and yet they seemed
to be able to perform quite well. They were smaller and very active.

We brought hoth groups of animals into a disease state that we call
“wet spot.” Fvery one of the animals that we thought was in optimal nutri-
tional state died within ten days. The animals on the lab chow did not even
get sick: they continued active and healthy over this period of time. The
disease-resistant factor was in the foodstuffs, I think — in the alfalfa meal,




or yeast, or some other constituent. The point is that a marked difference
in performance capacity can be brought about by diet.

I am very much impressed by the data that Dr. Scrimshaw is getting
in Guatemala, particularly with the children, on protein malnutrition. These
children are tremendously depleted; in fact, they are so depleted that their
gastro-intestinal tract is probably paper thin. The secretion of the digestive
enzymes 18 very low, and yet their ability to utilize foodstuffs is remarkably
good. Biochemically you might say that their performance should be very
low, but when you give them milk proteins and so on they very quickly ad-
just in some way, biochemically, so that they are digesting those milk
proteins. Recovery is remarkably rapid.

There is a great need to correlate performance capacity with our
biochemical and physiological knowledge; in fact, it might be considered
almost a new science that we need to develop if we are to determine just
what the factors are that are involvad in limiting performance. We feel that
many. many of these factors are nutritional. Some of them, of course, can
be associated with genetics, with emotional disturbances, and so on. But
emoiional disturbances, we feel, may be tied up, at times, with the nutri-
!iun.al condition of the individual.

The principal objective of this conference is expressed by the question
that Dr. Spectoe put in his letter regarding the agenda of this conference:
“t{ow can an integeated index of fitniess be developed to predict performance
capacity?”’ This conference represents in a sense the prologue to a new
science that we ought to be developing — a science correlating and inte-
grating chemical knowledge with performance capacity. -




Rationale of the Conference Agenda
HARRY SPECTOR®*

Chief, Nutrition Branch
Food Division
Quartermaster Food and Container Institute
for the Armed Forces

Chicago

To make the most of this conference we should have an understanding
as to the type of material that would be most useful under the various
headings we have selected. We are starting off with “Body Functions In-
volved in Performance.” We are not interested here in the basic physiology
of the “normal” resting man. Our interest is in the changes observed during
physical work and under other types of stress. An understanding of each
of these functions will provide the basis for a better understanding of the
applied tests that we now have and may suggest new tests that perhaps can
or should be developed.

In the "Application of Standard Work Tests” we shall be emphasizing
combined procedures rather than isolated tests. The emphasis is on the use
of these various measuremerts as indicators of performance capacity, on
methodology, and not on any data that have been accumulated. Which are
the most useful tests? What are the limitations of a test? What new tests
nced to be developed?

In the last session, “The Effect of Environmental Stresses on Per-
formance Capacity,” we shall be considering findings. Again, however, we
should keep in mind the principal objective of the conference, that is the
appraisal of the practical value of specified tests for measuring the effects
of environmental stresses.

To a person who has responsibility in the Air Force, "performance”
will mean something quite different than it does to a Marine officer. We
would find that our idea of performance capacity depends upon the tasks
with which we are dealing. The one thing, however, that we are certain
of is that, regardless of the uniforrn or the mission of the individual, we
must consider performance capacity in terms of body functions.

*Deceased, August 14, 1939




il. BODY FUNCTIONS INVOLVED IN WORK AND THEIR
USE TO PREDICT PERFORMANCE CAPACITY

OPENING REMARKS

AUSTIN HENSCHEL
Chief, Environmental Protection Research Division

Quartermaster Research and Engineering Center, Natick, Mass.

Most of us who are invelved or who have been involved in studying
what man can do under certain siress conditions, either controlled or un-
controlled, try to measure anything that is considered relevant and is
convenient for us to measure at the time. We hope that some of the meas-
urements we make, some measure of changes in the physiological or the
psychological functions will give us a clue as to man’s performance capacity.
We hope that by measuring these end products we can get at what is
happening within man — this integrated composite of numberless, highly
differentiated individual cells.

Perhaps the things we have been measuring in the past yield quite
insensitive indices «f what actually is happening inside the intact individual.
We have measured them, primarily, because they are the easy things to do.
We have found that they change, but we also found that they frequently
change only when one exceeds or approaches the physiological reserve of the
man. Such measures give us very little indication of what is happening
to the individual, within his normal physiological range of reserve. Most of
these measurements give us very little information on what is happening to
the reserve. Is the reserve shifting? Are elements of the reserve shifting in
in respect to each other, or is the whole reserve process shifting?

Various things can happen to a man. His upper limit of reserve may
decrease and his lower limit of reserve increase. The difference between the
upper and lower limiti, the whole thing, may shift up and down. All of these
things in the end will probably be reflected in what the total individual in a
particular situaticn will be capable of doing or what he will actually do in
a particular type of situation.

In this part of the conference we shall take up the individual organ
systems and say, “Let us look at their functions. What can we expect to
learn by measuring the function of a system of an anatomical type in
relationship to the total performance and capability of man?"’

The cardiovascular system is probably the system that has been used
most frequently as an index of the physical capabilities of man. How useful
are cardiovascular tests as an index of true performance capability? Where
are they useful? What are their limitations? In answering these questions
we may think in terms of a specific performance, as for instance, running
uphill five miles an hour on a ten percent grade, or ten miles an hour on a
five percent grade. Or, if you wish, you may think in terms as general
as the ability of the soldier who performs under simulated combat conditions
for a week under arctic conditions. These situations are completely different
as to the type of stresses placed on man; yet they are all stresses.




Many groups have made use of cardiovascular functions as an index
of performance capability. Dr. Taylor. I know, has used them often. He will
discuss the use of tests of the cardiovascular system in determining or
predicting either performance capability in a specific sense or a general
tense, or, conversely, as an index of the deterioration of capability that
has occurred as a result of stress situations.




The Cardiovascular System as an Index of Performance
Capacity under Stress

HENRY L. TAYLOR
Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis

The Army, one assumes, will always have a foot soldier who will be
called upon to walk long distances and carry a pack and a rifie. ‘There will
also be occasions when this man will have to do a 200-yard dash — or be
counted among the dead or wounded. Most of what I have to say is based on
the testing of the effects of various physiological stresses. 'I'o me the most
satisfactory way of doing this is to study the same individual standard
conditions under controlled stress and in recovery.

In regard to test equipment, we believe the treadmill — in an experi-
mental situation, at least — has considerable advantage over the bicycle
ergometer. A bicycle ergometer presents to the subject an unfamiliar type
of work task The average adult American has not developed and retained
much skill in using a bicycle, and repeated bouts of work on a bicycle
_erzometer usually lead to substantial improvements in skill and the conse-
quent reduction in energy necessary to perform a specified task. On the
other hand. walking on the treadmill up a grade results in a very small
increase in skill, and we feel that this is a very useful fact.

The work tank we usually use is walking at the rate of three and half
miles per hour on a ten percent grade. This requires a little over two liters
of oxygen a8 & minimum and. in relatively well-trained men, yields a
pulse zate of 130 to 140 beats per minute. We like to use work periods of
one hour. My personal preference is to assign subjects who are to be tested
in & specific regimen to do at least two one-hour periods of walking on the
treadmill per day. If I might deviate a bit from the immediate gubject, this
procedure has some very useful features. The mere measuring of the time
during which an individual is capable of carrying on this task gives you a
good deal of information. When well-motivated men start to drop off the
treadmill at the end of an hour and a half, you know you have a situation
where deterioration has sone pretty far.

We put most emphasis on measurements made during work. These are
pulse rate, respiratory efficiency. oxygen consumption used for calculation
of mechanical efficiency. and rectal temperature ( which of course is related
to cardiovascular function). These measurements give you an index of the
level at which steady state is being maintained, and failure to maintain
a steady state is an obvious indication that fitness is reduced.

The second test we use is running, to establish maximal oxygen in-
take. We have standardized this test with regard to time and speed. We
tluwve found that many people cannot run very fast. The Harvard Fatigue
Laboratory some years ago found that seven miles an hour was a very
good compromise. You will find very few people who cannot run at seven
miles an hour.

We have maintained this speed — seven miles per hour — throughout.
If you start using nine or ten miles per hour you will find people in the




student body in the university or among volunteers from military esta-
blishments who simply cannot keep up .

We have kept the running time to three minutes because we wanted
to make the test as short as possible and still get something pretty close
to a maximal oxygen intake. I you ask men in a debilitated state to run
for five or six minutes. vou sometimes cannot complete your observations.

The test is independent of skill in running on a grade. You can prove
convincingly the attainment of maximal intake by increasing the workload
by either mcreasing the specd or the grade. This makes the procedure
eventually independent of motivation since there is no self-determined
effort involved.

Onee vou have established an individual’s maximal oxvgen intake,
you can select the lowest grades that will elicit it. You use this situation
not only for studving his maximal oxvyen intake under stress conditions
but also for measurements of the cardiorespiratory and biochemical re-
sponses of the individual to a fixed task.

Here, lactic acid measurements in the blood and oxygzen debt, either
partial or complete, are useful indices. The recovery pulse rate will also
tell you something. Measurement of the pulse rate during the work is
probably an additional useful index.

There are also the usual respiratory measurements of ventilation and
respiratory efficiency — byproducts of procedures of this kind.

Finally, for some purposes we like to make use of the treadmill
version of the procedure set up by Johnson and his colleagues at the late
Harvard Fatigue Laboratery. This procedure has a self-determined end
point. We have found this procedure useful in assessing the degree to
which a man is willing to push himself, and. in the presence of zood motiva-
tion, this 1s a good index of cardiovascular performance. We have also
found the procedure very useful in assessing the “morale” of the subjects.

We have found these test situations to be sensitive to a large variety
of stresses, including such things as bed rest, high environmental tempera-
tures, calorie restrictions, experimentally induced malaria, and so on. It is
useful, also, to be aware of the possibility of organ impairment. Since Dr.
Simenson, in our Laboratory, is very much interested in electrocardiography
and is willing to apply the technique at the slightest provocation, we have
frequently taken electrocardiograms during recovery after exercise. We
demand it if there scems to be any indication of arrythmia. This practice has
uncovered a rather dramatic increase in the number of extrasystoles and
premature ventricular beats in recovery from anaerobic work in the presence
of dehydration and caloric restriction.

A word or two now about the general problem of the projection of the
results of work of this kind, carried under controlled laboratory conditions,
invo practical terms. Dr. Henschel is probably right. We do not feel that
these test situations represent an extraordinarily sensitive battery, but
we are quite sure we can rank siresses in the order of their impact on
physical performance.

There are situations in which you can predict with a certain amount
of confidence that real-life performance is going to be very bad, and there
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are other situations in which you can predict with a certain amount of con-
fidence that performance will not be seriously interfered with. In the inter-
mediate range, if the practical problem is sulficiently important, we believe
the results should be investigated and validated in field tests..
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Circulatory-Respiratory Response to Physical Work
BRUNO BALKE"*

Department of Physiology-Biophysics, School of Aviation Medicine,
USAF Randolph Air Force Base, Texas

Physical performance capacity has two components: anaerobic and
aerobic. For work of longer duration the metabolic requirements have to be
matched by adequate supplies, first of all, of oxygen.

If, in brief, maximal anaerobic work shortcomings in local blood flow
ur limitations of general circulatory and respiratory functions resirict the
oxygen supply, continuation of work depends on the local or general
capacity of the tissue to incur oxygen debt. This parameter of physiological
adaptabibity cannot be defined precisely and depends, to a preat extent, on
psychological factors such as will power, tolerance for pain, dyspnoea, or for
other kinds of discomfort.

On the other hand, the aercbic work capacity may furnish a reliable
criterion of an individual’s performance capacity, quantitatively. The nmisde
of circulatory respiratory responses to given work intensities may allow
for qualitative evaluations of performance capacity.

These principles. already pointed out by Dr. Taylor in his previous
comments, are generally accepted by all performance physiologists (1).
Only the methods used by the various investigators differ, and they differ
widely. It 15 not the purpose of these comments to review critically some
of the most promising test procedures in use but to add to the confusion
by presenting another testing procedure successfully employed in several
studies (2. 3) of work capacity at the Laboratory of Performance FPhysi-
ology of the School of Aviation Medicine, U. S.. Air Force, Randolph Air
Force Base. This Work Capacity Test measures in a single experimentai
trial of relatively short duration the circulatory-respiratory responses of an
individual (or animal) to physical work within the entire range of his
aerobic work capacity, and beyond, if so desired.

Work Capacity Test. For accurately defined physical work the motor-
driven treadmill or the bicycle ergometer is used, preferably the former.
Energy expenditure, or a low initial level at the beginning of the test, is
gradually increased in small amounts up to the maximum attainable level.
That is accomplished by elevating the treadmill angle in one-minute inter-
vals by one percent while the speed is kept constant at 3.34 m.p.h. (or
9C meters/minute).

Pulse rate and blood pressure are measured by the auscultatory
method, using a mercury sphygmomanometer for determining the pressure
over the brachial artery. The measurements are taken in rest, work, and
recovery. During exercise the arm-cuff is inflated at the beginning of the
second half of each minute, seconds later systolic pressure is determined
and called out for recording. Immediately thereafter the pulse rate is
counted during a period of 15 seconds and, while the pressure is slowly
released, the diastolic pressure is measured at the end of the pulse count.
This procedure is usually completed within 25 seconds. The test serves as
the best objective indicator of a subject’s circulatory reserves.

The pulmonary gas exchange is measured continuously or at frequent
*Present address: Civil Aeronautics Institute, Okiahoma City, Oklahoma.
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intervals, e.g., by monitoring the expired gas concentrations continuously by
proper instrumentation, recording simultancously the ventilatory volume;
or by collecting the expired air in Douglas bags with subsequent gas analysis
and determination of the gas volume exhaled.

Test Criteria

With rising work intensities pulse rate and systolic pressure increase.
The slope of the pulse rate curve varies from individual to individual and
also within the same experimental subject, depending on the state of physical
condition. Usually, the systolic pressure reaches a peak at a workload at
which a pulse rate is close to 180 beats per minute. If this pulse rate is
exceeded, the systolic pressure, in most instances, drops off. Frequently, at
this point, the diastolic pressure rises slightly. This fall of the systolic
pressure and or rise of the diastolic pressure may indicate an imminent
reduction of the cardiac stroke volume and, in consequence, impending ex-
haustion of cardiac reserves. That is furthermore borne out by the measure-
ment of oxvgen consumption: at work intensities causing an acceleration of
the pulse frequency beyond 180 per minute the oxvgen intake tends to
level off.

Another criterion of the limit of aerobic work capacity at the time
at which the pulse frequency exceeds 1807 appears to be the respiratory
szas exchange ratio: approximately at this time the output of carbon dioxide
overtakes the oxygen consumption, indicating insufficient oxygen supply
to the working muscles. The lactic acid level of the bioad also points to this
failure of coping with metabolic demands. While work, calling for pulse rate
responses up to 160 beats pi.r minute, can be accomplished with only shight
increase of blood lactic acid. the work intensitics leading to pulse rates of 180
per minute and bevond result ip lactic acid values of 70-80 mu. and above.
These are vaiues postulated by kstrand (1) as criterion of a sufficiently high
level of work in tesis designated to study maximal oxygen consumption.

The ventilatory efficiency (oxygen intake related to ventilation) and the
“oxygen pulse” (oxygen intake related to pulse rate) can be used to evaluate
performance capacity qualitatively.

Simplified Work Capacity Test

The oxygen consumption determined during Work Capacity Tests
on a large group of individuals was found to be fairly constant at anv given
workload when the body weisht was taken into consideration. Ninety-five
percent of the values of oxygen taken up per kilogram per minute were
for each workload to 95 percent within a range of ~ 10 percent. Such a
spread of results can readily be accounted for by technical inaccuracies as
we!l as by variations in the ease or tensions of the individuals walking on the
treadmill.

The increase in oxygen consumption was almost a linear function of
the increase in work performed. On the average, 1.8 ml. of oxygen were
consumed per minute for the performance of one meter-kilogram per minute.
For the theoretical estimation of oxygen costs during treadmill work the
following empirical formula proved to approximate most closely the actual
data:

Vo mv x wx 18(073+ &)
z 100
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where \.u? is the estimated oxygen consumption in ml./min.
v s the treadmill spead in meters/min.
w is the bidy weight in kilogram
oc is the angle of the treadmill in percent

.073 is the factor most closely assessing the vertical lifting of weight
during horizontal walking.

There was a close agreement between actual measurements of oxygen
consumption during the Werk Capacity Test or during steady state werk
and the oxyvgen consumption estimated by means of this formula. That is
demonstrated in table 1 in which the actual oxypen consumption values
obtained in ten different subjects during steady state work on the treadmill
(speed: 97 m min. angle of treadmill and duration of work as indicated)
are compared with the predicted values.

T'hese findings may justify a simplification of the Work Capacity Test in
studies with large experimental groups. Respiriatory measurements may then
be excluded from the testing procedure and the test evaluation may be based
catirely on the interrelations between work intensity, represented by test
time in minutes and or by the degree of treadmill slope in percent, and
pulse rate Any fixed pulse rate could be chosen as the cut-off point. The
pulse rate of 180 min. is sugpested because it represents most closely the
upper limit of adequate oxygen transport. The simultaneous determination
of blood pressure s indicated as a safety factor; a definite reduction in
pulse pressure might become the objective signal to terminate the testing
of such an individual whose maximal pulse rate is less than “180.”

Evaluation of the Work Capacity Test

The distribution of test results obtained in more than 500 “healthy”
male individuals, 19 to 66 years of age (mean: 28 years), is shown in figure
1. It is felt that this study represents a fairly realistic cross section of the
American male population and that it can be used as a basis for establishing
a classification scale of physical performance. Such a scale is presented in
table 2. It is based, principally. on the individual’s ability to cope aerobically
with metabolic requirements in multiples of the basal metabolic rate. The
peak of the bell-shaped curve in figure 1 suggests that the physiologic capa-
city for tenfold increase of the B.M.R. represents a “"normal” or "average”
work capacity Although the other indices of physical working capacity were
chosen arbitrarily, they might be adequate at least in the upper scale range
where it was found that only individuals regularly engaged in physical
activities of high metabolic demands scored as high as 12 times the BM.R.
or better.

The physical performance tested by the Work Capacity Test may ap-
pear to be unrelated to the work capacity defined by the size of metabolic
reserves. A more recent study, however, has shown that experimental sub-
jects in the upper range of work capacity had greater carbohydrate reserves
than individuals who performed poorly. As an illustration, table 3 shows
the oxygen consumption in ml./kg/min. at the pulse rate of 180" during
the Work Capacity Test and the total caloric expenditure (as well as average
RQ. and estimated carbohydrate reserves) during prolonged steady state
work, towards exhaustion. Both tests were performed by ten subjects before

-
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Figure 1

The distribution of the work capacity of 523 male individuals, determined
by the Work Capacity Test as time (or % angle) until a pulse rate of 180"
is reached. The metabolic requirements of the crest load are indicated as
approximative multiples of the basal metabolic rate.
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and after a 10-week course of physical training. During the pretraining per-
iod, the work intensity in the prolonged steady-state test was equivalent to
75-80 percent of the peak metabolic requirements in Work Capacity Test.

Several other distinct differences in fat, carbohydrate, and protein
metabolism also indicated that the Work Capacity Test not only evaluates
cardio-respiratory adaptabilities but physical performance capacity in
general.

TABLE 1

Average oxygen consumption during steady state work on the treadmill
(speed: 9<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>