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SYNOPSIS

The worker's fitness for different jobs will be determined by a
number of functions of which many are influenced by age. The
physical working capacity has undoubtedly a maximum between
20 and 35 years of age. The decline after 35 years will be different
in every individual, but certain average figures can be given. The
reduction is mainly due to a decrease in the maximal values for
circulation and respiration rate, that is, in the oxygen-transport
system. Also the muscular strength will be reduced in the higher
age-groups. The problem in work rationalization is to determine
the maximum rate of work that man can carry on continuously
and still retain vigour to an advanced age.

The result of several work-analyses shows that actually in manual
labour the workmen often utilize up to 50% of their aerobic capacity
but avoid exceeding this percentage. As the aerobic capacity
decreases with age it is important to know the upper limits and the
safety margin for the different age-groups. For that reason one
has to determine the working capacity of the man and the physio-
logical stress of the job. It is also important to determine to what
degree skill and experience can compensate for age-changes. A
superior individual will, even in old age, exceed the average of
the young. Age differences may often be of less importance than
individual differences.

It is still not known what physiological qualifications the different
jobs demand, or what age-changes in the physiological functions
are of importance for these jobs. The gradual increase in the average
age of the population makes investigations in this field important.

The energy for muscular work will be delivered by oxidation processes
and consequently work of any intensity will increase the demand for oxygen.
In heavy manual labour the oxygen intake may rise tenfold compared to
resting conditions, and work is only possible for some length of time if
respiration and circulation are able to fulfil the needs for oxygen. The
working capacity may therefore be limited by the oxygen-transport system.

To place the right man on a given job, two important things have to be
known: (1) the working capacity of the man, and (2) the physiological
stress of the job.

* This article will also be published, in Spanish, in the Boletin de la Oficina Sanitaria Panamericana.
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As far as the physical working capacity is concerned one has to rely on
certain facts, more or less well established through practical experience or
by laboratory experiments. What can be expected from a man in the sixties
compared to one 25 years old, and how do women at a given age compare
with men at the same age ? These questions can be answered only in very
general terms, often with no degree of certainty.

Robinson,1' working at the Fatigue Laboratory, Harvard University,
published in 1938 a paper entitled " Experimental Studies of Physical
Fitness in Relation to Age", which presents what is still the bulk of the
current knowledge of the physical working capacity of males in the older
age-groups. According to Robinson's findings the maximal oxygen intake
during running on the treadmill, for the age-group 25 years, is 3.53 (2.56-4.50)
litres per minute compared with 2.63 (2.24-3.35) for the age-group 52 years,
and 2.35 (1.64-3.15) for the age-group 63 years. The highest value for
oxygen intake per kilogram of body-weight per minute was found at the
age of 17 with 52.8 ml/kg/min. ; for 52 years the value was 38.4 ml/kg/min.
and for 63 years, 34.5 ml/kg/min. Accordingly, the oxygen intake per kg.
of body-weight at 60 years is about 65 % of the value at 17 years. This
35 % decrease with age must in some way be explained by a corresponding
decrease in muscular strength, or a decrease in the capacity of the oxygen-
transport system, respiration, and blood circulation, or both together.
Undoubtedly the decrease in respiratory and circulatory capacity plays a
very important role.

The highest lung ventilation attained during maximal work was for the
age-group 25 years, 118 (1C4-135) litres per minute; for the age-group
63 years the mean maximal value was 81 litres and the extremes 62-106
litres. The smaller maximal lung ventilation for the older age-group might
to some extent be explained by a smaller vital capacity, 4.05 (3.45-5.04)
litres compared w th 5.25 (4.20-6.03) litres for age-group 25 years. The
residual air was higher for the older group, 1.72 litres compared to 1.66
litres for the younger.

The highest heart-rate during maximal work was 197 for the age-group
25 years, and 176 for the age-group 63 years. Under the experimental
conditions described, the heart-rate may give quite a good indication of the
circulation-rate. Undoubtedly the younger subjects are able to increase the
minute volume of the heart to higher values than are the older. Neither
the minute volumes nor the stroke volumes were measured by Robinson,
but it can be taken for granted that, as a rule, the stroke volume of the heart
also decreases in the older subjects (Cournand, Ranges & Riley 5).

Of interest also are the findings that while the alveolar oxygen pressure
was practically the same for all age-groups, the arterial oxygen pressure
decreased with age. This increase of pressure gradient with age may suggest
an increasing resistance to the diffusion of the gases through the capillary
walls and pulmonary epithelium.
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The data obtained by Robinson are of the greatest importance. They
indicate to some extent what to expect from the different age-groups and
give some explanations why the physical working capacity (maximal
oxygen intake) decreases with age. The number of subjects was small,
however, especially in the older age-groups.
A very thorough study was made by Astrand 1 on the younger age-

groups (between 7 and 30 years) and his results agree well with Robinson's,
but the maximal values are higher. Astrand found a very close correlation
between the maximal oxygen intake per minute and the total haemoglobin
content of the body; this was independent of sex and age. It would be of
interest to extend this work also to the older age-groups. Perhaps a deter-
mination of the total haemoglobin content or of the blood volume would
be the simplest method for estimating the working capacity of the older
individuals. One great advantage of this procedure is that the subject does
not have to do a heavy work-test, the determination being carried out at
rest. To test older individuals with maximal work-tests may be risky owing
to the unavoidable stress on the circulatory system, and it may be very
difficult to decide if the upper limit is physiologically or psychologically
determined.
A reliable sub-maximal work-test would be of great value for testing

older subjects, and the results obtained by Astrand give certain information
on how such a test could be worked out. At an oxygen intake of 2 litres per
minute, 21 adult male subjects had an average heart-rate of 125 while
31 females had an average rate of 170. This oxygen intake represents
practically 50% of the maximal value for the males but a much higher
percentage for the females. For both groups the heart-rate at a 50% value
for oxygen intake was, however, close to 130 per minute. If the same
holds true for older subjects, it should be possible to get valuable informa-
tion by determining at what oxygen intake a heart-rate of, for instance,
130 is reached. Or using a reliable bicycle ergometer, one could determine
the work-load at which this value is reached.a

It is well known that the peripheral resistance of the vascular system
increases with age, and recently published data indicate that it may be more
than twice as high at the age of (0 as at 20, owing to decreased elasticity of
the vessels. This increased resistance will not necessarily be revealed by
blood-pressure measurements at rest; a compensatory decrease in stroke
volume may occur. During heavy work, however, the blood-pressure may
rise to exceedingly high values and the load on the heart will be much
greater than in younger people at the same minute volume of the heart.

In comparing the results obtained in work-tests on different age-groups
it has to be remembered that a difference in maximal oxygen intake may
be due to differences in daily physical activity, and the decreased maximal

a A nomogram for the calculation of aerobic capacity (physical fitness) from the pulse-rate during sub-
maximal work has been prepared by Astrand & Ryhming.'
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working capacity in the older age-groups may to some extent depend on
a different way of living. Possibly the effect of aging on the working capacity
could be postponed by a rational training programme. It is not known,
however, if such a thing is advisable or not. The work done by Larson9
on personnel of the United States Air Force indicates the importance of
habitual exercise level and shows the difficulties in separating out the effect
of aging as such.

It is generally accepted that muscular strength reaches a maximum at
25 years of age, and thereafter declines. According to recent results obtained
by Fisher & Birren,7 the hand strength decreases by 16.50% between the
ages of 25 and 60. In an extensive study of more than 4000 industrial
workers, Ufland 12 found a more pronounced decrease with age. According
to this investigation on flexors and extensors of the forearm, on hand
muscles, and on the muscles of the back, all age-groups reached their
maximum strength between 25 and 29 years. After the age of 60 the
reduction of muscular strength is greatest in the biceps and in the back
muscles. The average biceps strength of a man at 65 is 54.1 % and the
back muscle strength is 64.3 %, of the average strength of a man at 25 years.

The fact that a decrease in working capacity with age is more often
observed in heavy than in light work need not be due to a wearing down by
the heavier work, but may be explained simply by the fact that, with ad-
vancing age, the margin which exists between the maximum working
capacity and that part thereof which is normally applied is reduced. If,
however, a skilled and an unskilled worker are compared, it is obvious that
the skilled man works with less expenditure of energy and effort than the
unskilled. The decrease in maximal working capacity of the workers may
therefore, to a certain extent, be compensated for by skill and experience.

Miles 10 came to the following conclusions based on experimental
results. Young men as a group can be expected to show greater strength,
swiftness, precision of movement, and steadiness of motor control than is
generally characteristic of old men. Because of the importance of the age-
efficiency problem in industry, it is, however, well to point out the extent of
overlapping in the score distribution from age to age. Analysis of original
score-data shows, in contrast to the apparent overpowering influence of
years, a considerable percentage of ratings by older persons equal to or
exceeding the mean performance of others two decades younger.

The lengthening of reaction-time with age could possibly increase the
chances of injury in older industrial workers. A survey (Kossoris 8) of four
plants-two public utilities, one light manufacturing, and one heavy
manufacturing-totalling 26 000 employees gave the following results. The
average number of disabling injuries per million hours' work was only
two-thirds as high for workers between 40 and 54 years of age as for workers
under 21, and 70% as high as for those between 21 and 29 years. The
percentage for the age-group 40 to 54 years was about on a level with the
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age-group 30 to 39 years; for workers aged 60 and over the rate' was also
lower than for workers under 21. Other surveys bear out these findings,
which serve to indicate that quick reaction-time, although probably desi-
rable in a worker, is not a guarantee against accidents (Miles 10).

The problem of perception and age is also discussed by Miles. He came
to the conclusion that perception is not as prompt in the old as in the
young, and its span is shorter. But industries have found that neither speed
of activity nor speed of perception are adequate criteria for work and worker
value. Persistence in effort and practice with materials used compensate
to no small extent for speed in older workers by producing a more even rate
and product.

Miles stresses the individual differences in capacity and achievement
which may be many times larger than the year-to-year decrement. The
overlapping of age-ranges is very great. The relative position on the
human rating scales within each achievement and performance range tends
to be retained under conditions of health from one age to another. A superior
individual will, even in old age, exceed the average of the young. Age
differences may often be of less importance than individual differences.

A survey of different working procedures in two steel factories was
undertaken by the Gymnastiska Centralinstitutet, and the following short
summary of the methods applied illustrates how a job analysis can be
carried out by physiological methods.

In older steel factories the temperature is often high and the work in
many places is characterized by heavy manual labour. The stress on the
respiratory and circulatory system will be significant, and a job analysis
should therefore take into account these functions. For that reason the
oxygen intake per minute was determined with the Douglas bag method.
The oxygen intake gives information as to the load on the oxygen-trans-
port system and it is also the basis for calculating energy delivery and heat
production. Especially in determining the limiting conditions for work in
a hot environment it is of importance to know the internal heat production.
Under normal climatic conditions there is a close relation between the
oxygen intake and the heart-rate, and the intensity of work can be fairly
well estimated from pulse countings. In a hot climate the increase in
heart-rate per litre extra oxygen intake will, however, be higher than normal
and the extra increase in heart-rate is a good measure of the specific heat
load on the blood circulation and the greater strain of heat work. Even
the increase in body temperature and the increased weight loss due to
sweat evaporation are valuable for an estimation of the work load in a hot
environment.

Based on the type of information mentioned above attempts have been
made to analyse the physiological effect of work in the two steel factories.,
Such a job analysis should make it possible to place the man with a high

a A report on the investigations at the Nykroppa iron works is now available.'
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physical working capacity on the jobs that require such qualifications; and
of still greater importance, to place the older worker or the one with dimin-
ished working capacity on jobs that need a low oxygen intake per minute
or where the heat load is moderate or low.

RltSUMI2

Le diagnostic de la capacite de travail doit porter sur les fonctions auxquelles le travail
fait essentiellement appel et qui, pour une k rg- part, peuvent etre affectees par I'age.
C'est entre 20 et 30 ans que les hommes sont en pleine forme physique, et la capacite de
travail decline sans doute au dela de cet age, quoique de faqon tres variable selon les
individus. On a pu cependant observer certaines tendances generales. Ce flechissement est
dui principalement au ralentissement des debits respiratoires et circulatoires dont les valeurs
maximales sont abaissees, c'est-a-dire 'a une diminution de potentiel du systeme de
transport de l'oxygene. La force musculaire faiblit aussi dans les groupes plus ages.
Comme le fait observer Brody, les machines ne toument pas en general a plus de 50%
de leur capacite et l'homme devrait beneficier d'une marge de securite semblable. Les
specialistes de la rationalisation et de la physiologie du travail doivent donc s'efforcer
de resoudre le probleme qui consiste a trouver a quel niveau optimum de travail corres-
pond A la longue le meilleur rendement, c'est-a-dire de determiner le maximum de travail
qu'un ouvrier peut fournir r6guliRrement tout en conservant ses forces jusqu'A un age
avar.ce.

I1 semble, d'apres p'usieurs analyses de taches professionnelles, que les travailleurs
manuels consomment, en action, jusqu'A 50% de leur potentiel maximum d'oxygene et
qu'ils evitent de faire des efforts qui les entraineraient A depasser cette proportion. Comme
le potentiel de consonimation maximum diminue avec l'age, il est extremement important
d'en connaitre les limites superieures ainsi que la marge de securit6 correspondant aux
differents groupes d'age. D'ou l'utilite d'evaluer la capacite de travail des individus et
l'effort physique qu'exigent les divers types de travaux.

11 est egalement interessant de voir dans quelle mesure l'adresse et l'experience'acquises
avec l'age compensent les alterations fonctionnelles dues au vieillissement. Miles a
constate que les performances de personnes d'Age avance etaient, dans une proportion
notable, 6gales et meme superieures A celles des travailleurs plus jeunes. I1 souligne le
fait que la capacite de travail et le rendement varient d'un individu a I'autre et que ces
differences sont parfois beaucoup plus considerables entre travailleurs du meme age que
chez un meme travailleur a differentes epoques de sa vie. Un individu bien doue, meme
age, peut avoir un rendement superieur A la moyenne des travailleurs jeunes. 11 s'ensuit
que, souvent, on se souciera moins de l'Age d'un travailleur que de ses aptitudes.

Une enquete faite aupres de 400 travailleurs dont on a mesure la force maximale des
muscles flechisseurs et extenseurs de l'avant-bras, des muscles de la main et du dos, a
montr6 que cette force etait la plus elevee entre 25 et 29 ans et qu'elle diminuait passe
60 ans, surtout dans les biceps et les muscles dorsaux.

L'Age ralentit les reflexes, et les perceptions sont moins vives chez les travailleurs Ages
que chez les jeunes. Toutefois, une etude approfondie de la frequence des accidents parmi
les differents groupes d'Age a r&v6le que les accidents sont, dans l'ensemble, moins fr&
quents chez les vieux travailleurs. Des reflexes prompts chez un travailleur, si souhaitables
soient-ils, ne le premunissent pas contre les accidents.

Pour trouver l'emploi qui convient, en particulier aux travailleurs dont la capacit6
de travail est reduite- comme c'est le cas des travailleurs Ages par exemple -, il importe
de connaitre l'effort physiologique qu'exige le travail envisag6. Les analyses de tAches
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professionnelles effectuees dans deux acieries suedoises ou les travailleurs sont souvent
exposes A des temperatures elevees ont montr6 que la quantit6 d'oxygbne absorb6e
par minute donnait une id&e assez exacte du travail fourni par le systbme de transport
d'oxygene. L'acceleration du rythme cardiaque par litre supplementaire d'oxygene
absorbe est plus forte dans une ambiance chaude, et cette acc6leration renseigne
assez bien sur l'ampleur de la surcharge qu'impose la chaleur au systeme circulatoire et
sur l'effort supplementaire qu'entraine le travail dans une temperature ambiante elevee.
L'elevation de la temperature du corps et l'augmentation de la perte de poids qui accom-
pagne une sudation abondante permettent 6galement d'evaluer le surcroit d'effort do a la
chaleur ambiante. Grace A ces analyses de taches professionnelles, il a ete possible de
confier les travaux necessitant une grande capacite physique de travail A ceux des tra-
vailleurs qui en etaient doues, et les travaux n'entrainant qu'une faible consommation
d'oxygene par minute ou n'occasionnant, malgre la temperature elevee, qu'un effort
supplementaire mod6re ou leger ont pu etre repartis parmi les travailleurs plus ages ou
parmi ceux dont la capacit6 de travail etait moins grande.

En procedant a l'analyse des tAches, la direction est a meme de mieux appliquer les
principes de la physiologie du travail aux methodes et aux conditions de travail.

11 reste encore a etablir quelles sont les caracteristiques physiologiques requises pour
l'execution des diff6rents types de travaux et a determiner, pour chacun d'entre eux,
dans quelle mesure il y a lieu de tenir compte des alt6rations fonctionnelles produites par
l'age. Les recherches dans ce domaine presentent un interet d'autant plus grand que l'age
moyen de la population s'eleve progressivement.
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