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In any discussion of physical fltness, reference Is prcperly
made to athletes as they exemplify the best or fittest individuals,

amongst whom are the world record-holders for varying feats of

physical pertormance, But it has become obvious that there is not
one class of individuals who can be labelled 'athletes', and about

whose characteristics valid generalisation can be made.

(Edhoim, 1669),
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summary

This thesis describes an invesTigaTion.of occupational stress in
professional football, This necessitated assessment of The strain
Imposed on players in training, competition and habitual contexts and
of their capacity to meet strain levels encountered. Capacity was
evaluated from the results of a multi-item test battery which inciuded

physical, physiological and psychological fitness parameters.

Subjects comprised the complete professional playing staft of an
English First Division soccer team. Fitness fests were administered
at critical points during the season. Fitness profiles were signific-
antly altered by a six week pre-season training programme, improvements
being largely confined to the circulatory system. Leg power was below
maximum potential at the start-of the year's competitive programme.

In general, fitness was maintained throughout the competitive seascn.
Sub jects showed Increased drive and reduced apprehensiveness at the end
of the League programme. I+ was possible to discriminate between First
Team and Reserves on the basis of fitness dafa; discriminability being
improved after principal component analysis of test items. Multi-
variate analysis of the test battery allowed extraction and identific-
ation of factors of fitness which endured through the season. The
factor accounting for the greatest proportion of total variance at each

test was identified as relating to body size.

Emotional tachycardia was the criterion of pre-match nsychological
stress, Mean heart rate prior to match play was 87 beats/min in

‘players, who showed higher rates than substituftes. Psychological

stress was greater at home fhan at away games, and was greater at F.A.

Cup than at League games. Results showed evidence of a habituation Yo

competition stress. No significant correlations were found between



the pre-match anxiety reaction and invidividual or team performance.

A methodology incorporating motion analysis for the quantification
of work rate during c&mpe+l+ion was devised and validated. Match play
typically involved about 900 separate movement activities. Differences
were found in distance covered per game.between positional roles, the
work load being greatest in mid-fielders and least among outfield players
in centre-backs. A significant positive correlation was obtained
between distance covered per game and predicted maximum oxygen uptake.
Distance covered per game was found to correlate negatively with muscular
power. Results permitted identification of critical attributes for
particular positional roles. A decrement in performance over the second

period of play was observed.

Heart rate during training. was employed as the indicant of physio-
logical strain. Mean heart rate monitored in training for a complete
week In 23 subjects was 132 beats/min. Mean duration of daily training
was 75 min. Work was greatest in intensity and duration on Wednesday.

A classification of the components of a training session was devised.
Games were found to accurately simulate the demands of competition and
were gliven greatest temporal emphasis. In no other routine was the
Intensity of competition stress presented. Mean heart rate during games
was 157 beats/min in outfield players and 125 beats/min in goalkeepers.
Energy expenditure during this routine was estimated to be 16+4 kcal/min.
Only in two other routines, drills and running, did work intensify exceed
the threshold evoking adaptive physiological responses. Performance
tests administered In training were unreliable when endurance was a test
factor. The training was critically appraised as preparation for

competition from an examination of results.

A retrospective analysis of injury records for one season Was made.,



vi

Injuries incurred in competition were the major source of absence from
work.,  Frequency of injury was | per 117 player exposures in the
First Team and | per 16 player exposures among all categories of rep-
resentative teams. Results highlighted the vulnerability of the lower
limb in soccer, the knee being the major site of severe injury. No
physical attribute was identified as a predictor of injury proneness.

A significant correlation was found between joint injuries and

apprehensiveness,

Daily energy transformations were slightly higher than normal
values but calcrific requirements were not exceptional. The majority
of the day, amounting to 19¢5 hours, was spent in inactivity. Energy
expenditure during the 18+5 working hours per week was estimated to be

6+9 kcal/min.  The occupation. was described as moderate work.
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SECTION ONE

INTRODUCTION



INTRODUCT ION \

The Concept of Stress

Stress is a polyﬁorphous concept. The meaning assigned TO the
term "stress" has in the past depended on the viewpoint of the
researcher, the situation in which obsergvations were made or the
variables measured. Earlier behavioural scientists considered the
affecting situation as stress, while at other times definitions were
based on changes in performance characteristics., More recent
investigators have inferred that stress is an intervening variable
located between the situational input and the movement output

(Cratty, 1973).

The concept of stress as an internalised preparation to meeT an
immediate or future threat, temporarily inducing biological imbalance,
was presented by Selye (1956) in hls general stress theory. This
involves identification of a General Adaptation Syndrome (GAS) relating
to the non-specific adaptation of the organism to general impingemenT
or to disruptive events. GAS is evidenced in increased adrenal,
pituitary and thymus gland activity and is temporaily divisible info
the alarm stage, the stage of resistance or adaptation stage and the
exhaustion stage. According *to Selye, stressors might include

exercise, injury, infection, environmental conditions or frustration.

- During the al;rm stage the organism responds first by a depletion
of resistance followed by a surge of vigorous overcompensation during
which the body adjusts to the particular stress. |f the siress
continues to draw on adaptation energy the extension effectuates a
stage of exhaustion during which the functional efficiency of The
organism is impaired and eventually breakdown ensues. Though Selye's

theory Is largely an abstraction as the physiological constituents



of adaptation energy were uncexplalned, Cariile (1956) noted its
correspondence with his own empiric observations on the reactions of
swimmers to their training regimes. The search for the optimal
training stimulus can be described as treading the thin line between
training and straining. This represents the margin between useful
maximal load and harmful overload. Training for competitive sport

involves a spiralling upward cycle of load-fatigue-recovery.

In @ more recent application of Selye's theory to exercise

physiology, Cureton (1969) expanded the three into five sTtages:-

. Alarm (marked sympathetic excitement).

2. Resistance (adjustment to the stress).

3. Trained haemodynamics (holding the trained state without harm).
4. Overtraining (temporary exhaustion).

5. Possibility of death (seldom seen),

In this definition, overtraining is seen as a harmful acute
stage to be avoided in the sportsman, if possible. The sporfsman

will achieve his optimal performance in Stage 3.

Ogilvie and Tutko (1966) listed attitudinal correlates of the GAS
to describe the positive side of the part played by wholesome anxiety
(sic). Ideally the physiological and psychological factors converge to

interact harmoniously to enhance physical efficiency.

Antithetical to the generalised response of Selye is the suggestion
of Lacey (1950) that there is variability between Individuals in the
quality of their responses to stress. An individual's scmatic
reactions have a distinct pattern which is consistenT between different.
stresses. Gravellng and Brooke (1974) cited evidence which suggests

intra-individual variations in response to different stresses.
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Singleton et al (1971) expressed disillusion with the imprecision
of the concept of stress as found in the literature., They suggesfed
some clarification Is obtained by adopting the engineering convention
of using stress in the sense of a deforming force or stressor and
strain for the resultant deformation or the reaction of the stressee.
Stress sources may be work or the environment. Strain can be
measured using physiological or psychological techniques. Physiological
methods migH} involve moni+orin;i;¥ﬁgaémical, electrical or physical
parameters, while psychological methods require measurement of perform-
ance, activity or\subjecfive states. Work and environmental variables
can be quantified and the results juxtaposed on the strain measurements.
The internal environment of the organism monitors changes in the
external environment to maintain constancy. This phenomenon was firsT
identified by Bernard (1865) who emphasised the constancy of the
internal milieu as a prerequisite for what he termed free apd I ndepend-
ent existence, Cannon (1939) stressed the constancy of stability and
coined the term homeostasis to designate the co-ordinated physiological
processes which maintain most of the steady states in the organism.

The term was meant to describe a condition which may vary but which is
relatively constant, The concept provided an insight into The process

of continuous physiological adaptation to progressively increasing

levels of stress,

Continuous adaptation is implied in the principle of overload.
The theory,at first applied to the musculo-skeletal system, stated
that only when a muscle is required to function with an intensity
greater than normal does THe muscle hypertrophy. The principle is

applied to the organism as a whéle in +he law of use and disuse which

indicates that structure is modified by function. Use through

movement, exercise or activity, is a factor determining well-being
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while disuse through inactivity brings about deterioration of funcyion.
Steinhaus (1963) indicated that overload is a mechanism through which
the heart, lungs, muscles and other bodily systems develop for maximal
efficiency. The principle is applied In physical training to reduce
the risk of injury occurring during qempefifion. Corbin (1971)
outlined three factors to be recognized concerning optimal benefits

of overload: (a) the specificity of overload, (b) that overload should
be progressive, (c) bouts of exercise overload should be accompanied by
regular rest periods so that recovery occurs from the stress induced by

the exercise per se.

Structural adaptations develop slowly and include the increase in
heart and muscle mass and the expansion of intracellular elements. A
second Type of adaptation inyplves a regulatory response where the
tunctional connections within the nervous system are established. The
- Time course is quite rapid and the new patterns of regulation may be
fully developed within a few weeks (Shephard, 1972). Ekblom (1969)
outlined three phases in which adaptation occurs. In The first phase
there is an increase in maximum oxygen uptake which he associated with a
re-distribution of blood flow and an Increased muscle mass. The duration
of this phase is six months or more. During the second phase of
training, relatively small changes occur in static dimensions which
include heart volume, blood volume, red blood cel! volume. During the
third phase, following many years of training, the athlets is able to

werk closer to his maximum oxygen uptake for prolenged periods of Time.

The Erqonomics pers ective

A satisfactory perspective from which to study the prooiems of
stress Is provided by ergonomics. This embodies an interdiscipiinary

approach to the study of the human operator in his interaction
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with his work and werking environment. |+ embraces the human sciences,
utilises physiological, psychological and anthropometric research while
devising unique evaluative techniques to solve problems. |+ focuses

on problems and fundamental principles of human performance.

An a prtori assumption in many studies of human performance is
that the human has |imited capacity (Welford, 1973). Capacity refers
to current ability and is manifested in a ceiling in function. This
sets limits to both quantitative and qualitative aspects of performance.
The dimensions of work are its intensity, its frequency and I+s duration,
Factors which place upper limits to these dimensions and to the quality
of work can be bio-chemical, anatomical, psychological or physiological.
The physiolocgical factor might be one of a number of physiological
systems, the critical work-level being determined by the least efficient
link In the chain of variables contributing to performance. The
provision of techniques for the quantification of limits +o'per¥ormance

within populations and within individuals Is a mandate of ergonocmics.

An observation which follows is that capacity ¢an be altered by
appropriate training procedures in accordance with the principle of
overload. Adoption of training regimes embraces a philosophyhof fitting
the man for the job. This is illustrated by Murray (1963) who
demonstrated that a six-week programme of progressive resistance training
enabled gqun-crews to keep a new mechanical loader, which They had hither-
to been unable to operate, supplied with heavy shells. There Is a
‘minimum training stimulus threshold below which overload does not take

place and no improvement in capacity is effected.

The degree of improvement in capacity with an optimal training
stimulus is itself limited. Potential represents the additional

Improvement in capacity that will be effected by training. T will vary



with the subject, his initial state of fitness and the biological
system that is being trained. Munrow (1963) suggested 50%
approximates the order of improvement possible with regard to muscle
strength. Astrand (1967) regarded an Increase. in maximum aerooic
work power of 20% as a good result of training. Gollnick et al
(1973) demonstrated adaptation of muscle to endurance training is

greater than the adaptation of the oxygen transport system and can

exceed 1004, Because the effects of training are limited to this

order of magnitude and individual differences are greater, genetic

factors are important for a good performance potential.

A training regime may produce general benefits,as when an improved
oxygen transport system facilitates the performance of endurance work,
or Its benefits may be specific. Karvonen (1959) concluded that 7o

scme- extent changes effected by training in parameters of the cardio-

vascular system were independent of each other. Morehouse (1960)
demonstrated that training a muscle may strengthen it for one task but

not another. Specificity studies typified by Henry and Berg (1950)

lead to the conclusion that psychological factors as well as physiological

|imits determine pekforﬁance.

A further characteristic of a training effect is its reversibility.
This is a corollary of the law of use and disuse. Any Improvement In
functional efficiency will regress if tralning Is discontinued.  The
rate of regressfon may be a function of the training procedure initially

emp loyed. -

The proportion of the individual's working capacity deployed in The
working situation depends on the relative severity of that work., In
some competitive sports the performer is forced to work at or close To

his maximum. In complex multi~dimensional work-situations, a Taxonony




of requisite abilities is not immediately palpable. The job can

be broken down into its constituent tasks. A conceptual framework

for applyiné task analysis based on hlerarchical breakdown to sports
situations has been proposed by Stammers (1974). A field Invasive
sport 11ke soccer can be seen as comprising a job which clircumscribes

a number of tasks. The allocation of tasks or sets of tasks to
Individuals within the team is based on a judgement cof team management.
|+ may be that individuals exchange tasks in the dynamics of the
’compéfifive situation. The profile of tasks Is tallored to the profile
of abilities of the individual. The philosophy is one of fitting tasks
to the man by tactical considerations. Preparafion‘for competitive
team sport consists of synchronously fitting each man for his job and
fitting the job to the man by appropriate procedures of training,
selection and strategy decisions. The sum total of team members' jobs
}s circumscribed by the overall job of the team which in +ﬁe context of
competitive sport Is essentially fixed. A comprehensive study of
football should embrace an analysis of the Interface between the
performer, his work in its multi-variate forms and the total working

environment.

Work imposes a load on the performer and may be manifested as

strain in physical, physiological and psychological terms. Where

demands are rigid and excessive, the more suitable performers are

those capable of meeting the demands, In these instances selection

- could be based on evaluative techniques which test fitness.  The work
of Hagerman and Howie (1971) with New Zealand's international rowing
crew is paradigmatic of the use of physiological variables in selection.,
An example of the applicafién of scientific principles to the training

and selection of South African rowers was offered by Strydom et al (1967).
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The concept and the measurement of fitness

According to Darliing's (1947) definition, "fitness consists in
the ability of Theiorganism to maintain the various internal equilibria
as closely as possible to the resting state during strenuous exertion
and to restore promptly after exercise any equilibrium which has been
disturbed". Cummings (1967) defined fitness as the capacity to do
physical work and to recover quickly and compietely from doing this work.
Durnin (1967) took fitness to mean a state where the body ~ particularly
the muscular, cardiovascular and respiratory systems - reacts to hard

physical work in a manner near to the ideal and where minimal stress is

caused. Taylor et al (1963) considered maximum oxygen uptake (vcﬁimax)

Qas the best single index of general fitness, though no one test of
fitness existed. A more reasonable approach is to view fitness as multi-
factorial in nature and fitness criteria should relate fo the conTtext in
which the performance takes place. An index of fitness can only have

established meaning in terms of the task o be accomplished.

According to Clarke (1967), early picneers of fitness testing

were trained in medicine and turned their attention to constructing
anthropometric tests to evaluate exercise programmes. Sargent (192])
shifted emphasis to assessment of muscular strength and to performance
measurement. Measurement of the efffciency of the circulatory system
developed as it began to be considered the common denominator of
physical fitness. Initially these tests were at rest or during mild
exercise and there was an obvious need for new measurements which would
be indices of available reserves, Exercise +ests evolvad which may be
described as submaximal or maximal depending on the response induced in

+the subject.

The Scnnelder test (1920) was the earliest of +he more comprehensive
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cardiovascular tests. This six=item test comprised resting pulse

rate and systolic pressure, the increment in both variables with
stancing, pulse rate after exerclse and its rate of return to norma!
standing after exercise. A step-test for clinical medical assessment
was used by Master and Oppenheimer (1929). The test is still
considered standard by many cardiologists for the detection of coronary
insufficiency., The Harvard Step Test was constructed for college
men, used during the second world war for the selection of combat
officers and later became widely used for the testing of athletes
(Brouha, 1943). A fitness index is computed based on the effects of

a controlled work~load on the post-exercise pulse rate and on Its rate
of recovery. Meyers (1969) found high reliability for this test and
Chrastek et al (1965) emphasisea iTs value in the testing of sportsmen.
Rsfrand and Rhyming (1954) equ;+ed aerobic capacity with physical
fitness and developed a nomogram for the calculation of the aercbic
capacity from the pulse response to a fixed submaximal work.load. The
aerobic capacity depends on the maximum oxygen uptake (qurmn<) and is
generally taken as synonymous with it. Later, RSTrand (1967) used the
pulse rate per minute at the end of a fixed continuous submaximal work-

load as an index of fitness,

1930 saw the establishment of a sports psychology laboratory in
which the temperament as well as the motor abilities of athletes was
studied (Griffiths, 1930). This pointed the way towards a more
holistic evaluation of the sports performer and the defenestration

of Cartesian dualism from the concept of fitness.

Variations In protocel for fitness testing and disagreement on
basic ideas have prompted (a) the use of multi-variate procedures and
(b) the attempt to standardise tests., Multi-variate procedures were

employed by Flelschman (1961) who used factor analysis to identify




components of psychomotor and motor abillities. Factor analysis of
various cardiovascular-respiratory tests was performed by Cureton (1947)
and Larson (1947). Various factor analyses carrled out in the area

were studied by Cureton (1966). Falls et al (1965) used factor analysis
and multiple regression techniques to develop physical fitness test
batteries and an cperational definition of physicél fitness in terms of

the variables used to assess |+,

Weiner and Louire (1969), arising from the human adaptablility
project of the International Biological Programme, have reccmmended
procedures for measurement in human biological studies. They advised
measurements should only be undertaken by trained personnel. AssessmentT
protocols were outlined for anthropometry,work capacity and pulmonary
function, morphological measurements in work capacity and pulmonary
studies, assessment of habitual physical activity, performance tests
and medical and metabolic studies. Shephard et al (i968) have carried
out experiments with a view to setting standards for submaxi$al exercise

testing which were sought by both the World Health Organisation and “he

International Biological Programme.

Asmussen (1969) defined physical flitness as "a degree of conformity
to accepted standards of a given criteria. As_criferia to be
" considered from a physiological boinf'of view he listed mobillty, muscle
strength, anaerobic power, aerobic power and endurance, and neuromuscular
co-ordinéfion. Multi-variate analyses to study the relationships
between motor performance ana personal ity have been employed Dy Kane
(1972). Uni-variate methods have been used for the same purpose by
Titimann (1965), That there are pre-requisites in personallty factors
for top-class performance in'spd?ﬁ has been underlined by Ogilvie (1958},

This suggests that personality assessment ought to be included in a
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battery of measurements of fitness for top-class sport. The suggested
battery would involve an extensive evaluation of capacity using

anthropometric, physiological and psychological techniques.

| .4, Occugafiona] stress in Erofessional footbal lers

In the initial formulation of Selye's theory, exercise constituted
a specific stressor. That the atmosphere of top-class competition
imposes Intense psychblogical stress on all contestants, both in
anticipation of and during competition, has been stated by Shephard (1968).
The outcome is expressed as strain in the circulatory system, which he
equated with an anxiety reaction, - Von Euler (1964) emphasised individual
differences in reaction to a specific disturbing mental stressor.
Professional footballers participate at least once a week before large
audiences, a context which can feasonably be presumed to constitute an
intense psychological stressor, I+ is not known if professional! foot-
ballers habituate to this or if there are long-term psychological

ad justments to the overall demands of their occupation.

The amateur and professional sportsman differ in a fundamental
respect. The commitment of the amateur performer to his sport is of a

voluntary nature as Is his submission to a training regime advised by

his coach. The professional chooses a specific sport as his occupation.
His competitions are imposed, usually*fixed well in advance. His hours
of training and training regime are determined by his management staff.
His occupation is located in sport, a context which to the amateur and

to other members of society cons+titutes non-work.

The concept of professional |ife-space presented by Parker (1971)

includes all time taken up by professional considerations as hours of

work. 'Life-space' means the total of activities or ways of spending
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time that people have. Parker proposed a time scheme for the analyslis
of |ife-space into work-time and non-work time; work=time may be
subdivided into work and work obligaTions.i A study of occupational
stress in soccer requires consideration of factors operating within
working hours. In addition to time spfnf training, professional life-
space covers time spent travelling as a group to training environs or
to competition venues. Work obligations might include time spent in

voluntary individual training.

Analogous to professional football is the acting profession. Both
entertain large audiences during their major performences. Both Involve
long pericds in training and rehearsals in preparation for the public
performances. Training and rehearsals for each occupation constitutes

work. It Is pertinent that {ootballers refer to their everyday routine

as "going to work",

It Is concelivable that aspects of 1ife-style and habitual activity
might have repercussions within professional |ife-space. There are
unwritten rules in the case of high-performers in amateur sport which
restrict dimensions of habitual activity. These codes are inscribed
into the regulations of professicnal football clubs, |+ Is not
unreasonable to suppose that habitual activity could effect fitness

and ultimately be reflected in performance and is relevant in a consid-

eration of stressors in professional football.

The circumstances where stressful situations can confront the
footballer can be divided into pre- and post-competition, competition,

tralning and habitual activity. A taxonomy of occupational sirescors

is proposed:-

l. Competition - (a) psychological (pre-match anxiety):
circulatory strain elicited by the anxiety

reaction.
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(b) physiological: work outfput and

circulatory strain.,

(c) physlcél: injuries and critical

Incidents.
2., Tralning - (a) physiological: circulatory strain.
(b) physical : injuries

3. Habitual activity -~ (a) physiological: daily energy
' metabol ism.
4. Long-term - (a) psychological: personality factors.
(b) physical condition: seascnal
fluctuations in fitness profiles.

(c) physical: chronic injuriles.

PREVIOUS RESEARCH IN SOCCER

Assessment of footballers

Age, height and weight of eighteen professional footbal lers at
Tottenham Hotspur F.C. were reported by Davies (1973). Mean age was
26+4 (S.D. = 3¢3) years, mean height 178+5 (S.D. = 5+3) cm, mean

weight 77+5 (S.D. = 5¢7) kg. Data on height, weight, percentage body

fat, \702 max and \7E max for nine professional footballers at Aberdeen

F.C. were reported by Williams et al (1973). The soccer players were
significantly smaller (mean height 174+6; S.D. = 29 cm) and had

significantly higher VO values (mean'57-77; S.D. = 65 ml/kg/min)

2 max
than University rugby players. The mean weight of the Aberdeen

players was 69«4 (S.D. = 6-3) Kkg.

Caru et al (1970) examined ninety-flve non-professional footballiers
aged 14-18 to compare their values of maximal anaerobic and maximal
aerobic (V O2 max) muscular power with the corresponding average values
of the population. The average value of \?02 3 X at each stage was
not significantly different from that of sedentary subjects of similar

age (p > <05). The mean values for anaerobic muscular power were

about 12% higher In the athletic group, the differcnces being significant
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at all ages. When players were subdivided into six groups according To

their tasks - goalkeeper, back, half, wing, forward and centre-forward -

the highest values of ?C) were cbserved in the wings, the lowest among

2 max
goalkeepers. Only the difference between the goalkeeper group and The

other five groups was statistically significant. There were no significant
differences In anaerobic power between any of the six groups. The authors
did not indicate the competitive standard of their subjects! weekly match.
Their conclusions that the performance of the football players does not
necessarily require an apprecliably high aerobic power should not be adopted
as applicable to profess}onal football in view of this and The age of their
sub jects, -

Da Silva (1973) put iIntelligence highest on the list of psychological
aptitudes for excellence in soccer. His protracted list of personality |
requirements were backed by theoretical considerations rather than research.
Ogilvie and Tutko (1966) claimed to have identified personality dimensions
which are essential to competitive success. The successful top-class
competitor is highly-driven, dominant, emotionally stable, conscientfious,

conservative and realistic, Cratty (1973a) concluded that athletes are

generally high in intelligence, are |ikely to be extraverted and possess
stable traits evidencing emotional control and tough-mindedness. Cooper
(1969), in a review of the current state of knowledge, cited evidence

supporting in general the notion that athletic ability goes with a greater
motivation to achieve, greater social adjustment and ascendancy, and

higher emotional stability. The polint was underliined that the psychology
of team membership may be different in Important ways from the influence

of physical activity on individuals, Kane (1968) emphasised that although
one can point to personality differences in those who make up successful
soccer-teams, the variation is not great and a “soccer-type" can be
described. This type is a "stable, exTréverTed, tough-minded radical of

good general avility and ruthless efficiency".
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Cooper and Payne (1972) studied personality orientations and
performance in seventeen English League First Division teams. The more
successful teams were found to have significantly more players who were
high in self-orientation and low on both interaction and task-orientations.
The criterion of success was the number of League points obtained at the
end of a season. The investigation contained a risk of post hvoe propter
ob hoc reasoning, while the fact that the inventory was administered
towards the end of the competitive season when Leaque positions were

relatively well consolidated does not suggest a useful predictive tool.

Yaffe (1973) administered an adapted sociometric scale to a top team
(Ferencvarcs) in the Hungarian First Division and fo a bottom team (M.T.K.).
Positive relationships existed among many of the successful team while in
the unsuccessful team therc were a number of solitary players. It was
found that players friendly with each other passad THe ball to each other
significantly more than to those with whom they were not frigndly, and
when a player was under pressure in a match he tended o pass only to the
players he |iked. Hi; conclusion was that friendship is the mosT important
factor in passing the ball. It is the present author's subjective
impression that in critical situations the alternatives open 1o a piayer
are more constrained than Yaffe's results suggest, and that the config-
uration of adjacent players both opponents and colleagues as well as
entrained strategies are the determining factors. In addition the
implied causal relationship of sociometric states and team success could
be an effect of successful per¥ormance compatible with a general

expectation.

|.5.2. Assessment of the game demands

The oxygen consumed during work is the physiological indicant of

the severity of that work. Direct measurement of oxygen uptake (‘7102)
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during a soccer game is Impractical, as wearing a respirometer is

likely to interfere with the performance fo be monitored. In a pop-
ulation of English league professional footballers, collection of expired
gas for analysis of O2 and 002 is felt to be socially unaccep+abfe in

both the field and laboratory situation.

Durnin and Passmore (1967) quoted a range of 5~12 kcal/min for the
energy requirements of soccer. Thelr subjects were University students
kicking a ball about on a pitch. The authors concluded that few players
expend 600 kcal in a soccer game and many much tess. Covell et al (1965)
reported a range of 5+2-10+6 kcal/min, their subjects also were under-
graduate students, Muckle (1973) gave an estimate of 800~-1200 kcal per

match but no indication of how this estimate was arrived at.

Seliger (1968) gave a value of 0+18 kcal/kg/min as the energy

demand of playing a soccer game. The weights of his subjects were not

given but this works out at 12+6 kcal/min for a 70 kg individual. Mean
heart rate during the game was 160 (5.D. = l4'45 beats/min while maximum
heart rate was 166 (S.D.= 13*6) beats/min. The circulatory load was
equivaléhf in kayak-padd!ing (mean heart rate 166 beats/min) but was

found to be greater in some other sports examined by Seliger = basketball
(mean heart rate 172 beats/min) and ski-running (mean heart rate

180 beats/min). Elsewhere, Seliger(1968a) quofed mean values for soccer
of about 165 (sic) beats/min when clearly referring to the same data and
suppfled further details. His subjects (n = 163, mean age 215 years)
were examined in a model game lasting ten minutes. No indication was

given of their level of skill,

~According to Yomacka (1965) the excess cost of 90 minutes soccer

w

playing over resting metabolism is 588 kcal. Energy expenditure for the

game amounts to 696 kcal 1f 12 kcal/min is included for basal metabciism
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(Durnin and Passmore, 1967). Relative metabollic requirements (energy
demand relative to resting metabolic rate) reported were | ~ 2 for the
goalkeeper and 7 ~ 9 for other players. These low values are likely
"+o0 have resulted from an underestimate in Yomaoka's calculations which
were based on the duration and speed of movements during the game though
no reference was made to how these movement parameters were monitored;

besides, studies of Japanese subjects may have dubious application for

European footballers,

Total distance covered during a game can be used as an index of
work-=load in view of the linear relationships between work output and
enerqy expenditure. Wade (1962) reported a range of 1750 to 6000 yards
for distance covered during ninety minutes competition. The total
distance covered at speed was attributed a range of 250 to 2000 yards,
and walking or jogging pace a range 1500 to 4000 yards. No indication
was glven of how these figures were arrived at. At the upper extreme,
Vinnai (1973) cited Russian reports of footballers covering up to |7 km
during a match, No reference was made to methodology.

Knowles and Brooke (1974) gave a mean value of 5343 yards for
Manchester City F.C. outflield players, range 4070 to 7030, over | com-
petitive game. Mean value over four games was 5286 yards. Data were
obtained by a group of observers employing subjective estimates of distances.
The authors claimed a reliability coefficieﬁf for their techniques of 0«61
but made no attempt to establish objec¥ivi+y. Measurements were obtained
In units of five yards, a procedure likely to introduce insensitivity into
+he method,

Zelenka et al (1967) referred to Seliger's observations that a centre-
forward runs 115 km, expends 13+] kcal/min amounting to an average of
1183 kcal during a match and metabolism is increased to 1370% of basal
metabol ic rate. In a review of other studies in training and in matches

in Czechoslovakia they stated that footballers run more than 6 km in a
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match mostly in 5-10 m runs. + was not disclosed how distance was
estimated or how energy values were derived. The authors concluded

that footballers are under heavy physical strain.

The disparity in data on work-load during competition Is high-
lighted by the observations of Saltin (personal communication, 1973,
August 16th). Nine soccer players were studied by taking a movie of
each player for a three minute period. Three matches were filmed.
Movements of the players were pencilled in on playback on a white paper
screen and distances determined from this. I+ is not clear If parallax
errors were accounted for. Mean distance covered was 109 km, 379 at
walking pace and 20% at maximal speed. Glycogen content (thigh muscle)

was found to be depleted in four players at the end of the game.

Training

Fardy (1969) investigated the effects of a ten-week soccer training
programme and five weeks detraining on selected cardiac and metabolic
measures in eleven members of the University of Illinois soccer team,
The training programme resulted n significant improvement of cardio-

respiratory endurance, VO increasing by 15¢5%. The five week

2 max
detraining period resulted in significant deterioration of fitness gains.

No anthropometric data were given but the trained Qc%!max values (mean =
3¢35 ¢/min) do not suggest these were supra-normal Individuals.

No physiological investigation of the intensity or duration of
training has been made in English professicnal soccer clubs. Wade's
adumbration of the conventional patterned build-up towards week—end

competition suggests pronounced day-to-day variations (Wade, 1962,

op citl.
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Physical stress

Medical aspects of professional association football have been
described by Phillips (1570) in a retrospective classification of
Injuries sustained at Middlesbrough F.C. over the five-year period
1963-68., Muscle and tendon injuries accounted fcr 43+1% of all
injuries while muscle, tendon and joint injuries represented over 75%
of the total number of cases seen., The figures underline the vulner-
ability of the ankle-joint. No suggestions with regard to prognoses
wvere made. The author did suggest the need for "a continual assessment

of the training programme, in order to avoid the development of mental

and physical fatigque",

Bass (1967) published an analysis of the clinical records at
Arsenal F.C. over the six-year.period 1960-1966. His paper affords
some standardisation for the presentation of injury statistics. The
commonest lesion occurring in soft-tissue was muscle damage. Soft-
tissue injuries may be extrinsic, i.e. caused by factors ouiside the
players immediate control OR intrinsic, I.e. caﬁsed by Teér during
muscle contraction. Injurles to joints accounted for 35% of the total
trauma sustained. Ankle injuries were 50% more common than knee

injuries, Frey (1969), in a study of Swiss Olympic Games teams over

a number of years, found joint injuries predominant in soccer which had

a high frequency of ankle and knee injuries.

In an extensive study, Adams (1973) investigated the incidence of
osteoarthrosis in the knee joint of sportsmen. All fifty-one profess-
lonal footballers at Leeds F.C. and fifteen ex~professionals were
examined by clinical and radiological methods. GCsteoarthrosis was
considered to be probably present in four of the ex-professionals and

in none of the aclive footballers, A postal survey of 1490 professional
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footbal lers gave an incidence of 3+2%, suggesting that osteocarthrosis
is unlikely to be common among professional footballers. This
contradicts the conclusion of Solonen (1966) on studying sixty amateur
Finnish footballers, that osteocarthrosis seems to be a characteristic
phenomenon of intensive football. ° His diagnhostic criteria were

“

considered by Adams to be of doubtful value.

Adams provided a hypothetical list of some of the variables
contributing fo injuries in contact sports - "physical fitness,
muscular development, timing, balaﬁce, skill, assessment of the playing
situation, determination, courage, reaction time, playing surface,
weather. These are a combination of physical and psychological,
infernal and external factors". The value of any of these factors

as predictors of injuries does not seem to have been investigated.

l.5.5., Habitual activity and daily energy expenditure

No study has been made of the daily energy expenditure of British
professional footballers. Durnin and Passmore (1967 op cit) gave a
figure of 3200 kcal per day based on a report of the Food and
Agricultural Organisation of the United Nations for a reference man,
aged 25, weight 65 kg. Kvanta (1972), introducing a symposium where
the majority of the research considered was carried out on ltalian
footbal lers, gave a fiqure of 4000—5600 kcal! for top athletes engaged
In hard training programmes. Daily energy transformations of Finnish
athletes were here reported to have increased from 3000-3500 kcal/day
in 1968 to 5000-6000 kcal/day with an increase in training distance
covered from 70-80 km/week %o 250-350 km/week. Kvanta stated that
professional athletes have a greater energy demand than amateurs though
no factual basis for claiming +his was presented. Grafe (1971)

reported computed dally energy expenditures cf 5350 kcal/74 kg for
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soccer during the preparatory training period. The standard of perform-
ance was not stated and It is not clear if the habitual activity outside

of training was investigated., Edwards et al (1935) reported figures of
5600 kcal/day for American university football players and Widdowson et al
(1954) cited Schenk's (1936) figures of 7300 kcal/day for Olympic athletes.
Muckle and Shepherdson (1975) stated that a footballer may need double the
normal daily energy requirement of an average worker but the basis for

their statement is obscure.

Overview

|+ is apparent that there has not been a multi-factorial assessment
of the fitness of professional footballers. A model for the testing of

international standard sportsmen from an interdisciplinary perspective has

. been proposed by Thomas (1970).  The proposal was later amplified and the

test-1tems grouped into sub-divisions = circulation, ventilation, anthro-
pometry, strength and personality (Thomas, 1970a). Thomas (1969) subdivided
critical circulation needs into cruising efficiency and stress Tolerancs,
The model incorporates provision for items to test for capability require-
ments specific to the sport investigated and has been employed Yo evaiuate
the fitness of international competitors, e.g. the Davis Cup tennis team
(Thomas, 19703 op cit), and cyclists (Thomas, 1970 op cit). The fest

battery embraces all the dimensions of'fifness described In Section |.3.

Fitness for work can only have ascribed meaning when the demands of
the work in their variegated forms are established. It is evident There
has not been an extensive interdisciplinary analysis of occupational stress
among professional footballers. This ‘thesis represents an attempt 7o

initiate the bridging of the gap.-
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2. BACKGROUND

During Summer 1972, a fitness consultancy was established between
Everton F.C. and Liverpool Polytechnic. The major objective was 10
test the fitness of the club's professional players and to monitor
fitness proflles throughout a full season. The professional playing

staff excluding apprentices was the full complement of thirty-one, a

limit imposed by regulations of the Fooiball Association.

A test Ea++ery designed by Thomas (1970 op clt) was administered in

the laboratory by a team of eight Polytechnic staff trained in the test
procedures, Flrst and Second Team squads attended on consecutive days.
Tests were administered at critical stages during the season to permit

comparison of fitness profiles. These points were:

(i) before pre-season training.,
(ii) at the end of pre-season training,
(iii) mid-season.

(iv) at end of season.
The data generated by these series of tests were made available to
the author by the Director of Physical Education at Liverpool Polytechnic.
In addition, performance data obtained by the club's coaching staff

during normal “raining were analysed.

Tests administered covered a range of anthropometric, ventilatory,
cardiovascular, personality and performance variables. The laboravory
was equipped for functional testing with sphygmomanometer, anthropometer,
stadiometer, dynamometer, cable tensiometer, skinfold caliper,
vitalograph, electrocardiogram, treadmill, bicycle ergometer, sTep-up-
bench, chronoscope, Performance tests and maximal shuttlie-run test

were carried out in an adjacent gymnasium.

Access to players during their working hours was permitted by club
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management throughout the 1972-73 season. Specific priveleges allowed

weres.

(i) inclusion with the club party during both pre-season training
and a competitive tour in Sweden. Access to players during
sleep was permitted at their training accommodation.

(i1) attendance at all club training sessions., Permission was
granted to monitor physiological variables during training using
social ly acceptable monitoring instruments (SAMIs) and non—-invasive
techniques.

(iii) inclusion with the team party at home and away matches.

(iv) pre-match access to players until they left the dressing room for
the playing pitch.

(v) provision of stand accommodation at a pre-selected location for
home and away games,

(vi) access to players for administration of structured qugsTionnaires
and collection of personal diary records.

(vii) access to records of absences, illnesses, injuries and treatment

kept by the club's physiotherapist,

The First Team compefés In the Football League Championship,
F.A. Cup and Football League Cup. The Champlonship involves 42 matches

in a 37 week period. The F.A. Cup starts for First Division teams in

January, the League Cup starts in September and all matches excepT the
final are played in mid-week, In the 1972-73 season, Everton were
eliminated in the fourth round of the F.A. Cup and the first round of

the League Cup, In the following season they were eliminated at the

same stage of the F.A. Cup and the second round of the lLeague Cup. Four
friendly and testimonial games, t+hree in Sweden and one in Scotland, were
played before the start of the League Championship, Two testimonial games

were played during the season and one at the end of the season. AT the
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end of the season the club played exhibition games in Spalin in 1975
and in Singapore in 1974, The working year was 45 veeks, An
additional compeTiTioﬁ, the Texaco Cup, was contested in 1973-74 from
which Everton was eliminated In the first round. Excluding friendly,
exhibition, tournament and testimonial games, the First Team competed
in 45 competitive games in 1972-73 and 49 the following season. Two
of the staff played for an English representative side, a third

represented Scotland during a Summer tour of Europe and a fourth was

included in the Welsh international squad for a training week-end during

the 1972-73 sezason.

Demands on professional playing staff were examined in detall during
the 1972-75 season. Players returned from vacation on July 10th to
undergo a six-week period of pre-season training. The club's Medical
Officer carried out a medical examination on the first day. On the
. following two days before the training programme commenced, subjecTs
reported in two squads at the laboratory to enable reference fitness

profiles to be established. After three weeks a pool of twenty players

was selected by management and taken to a tralning camp in Sweden for a

ten-day period,

Training typically takes place at the club's training grounds which

are located about three miles from the main headquarters. The grounds
accommodate two full sized playing pitches, and a large indoor playing
area, Training Is sometimes conducted on sand at a nearby beach. To
facilitate training the staff is divided into two squads with a degree
of flexibility from week to week between squads. The "Reserves" feam

competes in a regional league - the Central League - which involves
forty-two competitive games invariably played before small audiences.,

It Is expected that all reserves aspire to playing in the First Team.
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The third eleven or 'A' team is mostly comprised of apprentices and
competes in the Lancashire League. Full=-time professionals do not

normally play in this side.

Usual ly more than twenty players are called on each season 1o
represent their club in the English League First Division. Twenty=-six
players represented Everton in this competition in 1972-73, twenty-three
in 1975-74. It Is frequently suggested that there is an association
between overall performance and the number of players representing the
First Team in a season.  Success might be a product of Improved team
cohesion with few personnel changes. Increased incidence of injuries
reduces the personnel from which First Team selection is made. | f pred-
lctors of injuries could be identified, preventive measures could be

recommended,  These reasons suggest an analysis of injury statistics

{s warranted.

Saturday competition invariably alternates between home and away
fixtures. For away fixtures the party ordinarily travels on Friday by
coach or train to stay overnight near the opponents' ground.  On
Saturday morning the players breakfast In bed, a half-hour tactical
discussion precedes lunch at noon and the party arrives at the ground
one hour before kick-off. Players leave the dressing-room for the
pitch five to eight minutes before kick-off. The game ends at 16.45 hrs
and the homeward journey has commenced by 17,30 hrs.  For home games,
selected players and reserves report at the dressing-room at 14,00 hrs,
Sunday Is free for all but the injured players who are required to report

to the training grounds for treatment.

The daily routine varies as a function of competitive demands.
Staff report at the Training grounds at 10.00 hrs - altered to 9.30 hrs

at the start of the 1973-74 season. Training commences thirty minutes

later.  Lunch Is provided, except on Friday when training Is of short
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duration. Usually afternoons are free except for younger professionals
who are sometimes required for extra training in mid-week., SometTimes

staff are given the day off by management. Occasionally training takes
piace indoors or on the beach because of environmental conditions or for

the specific purpose of introducing variety into the training programme.

Professional working hours amount on average to 275 per day
Monday to Thursday, and two hours on Friday. On Saturday a home game
involves three hours at the ground, while an away game involves an extra
3¢5 hours on Friday and 4 hours on Saturday in travelling. An arbitrary
figure of 15 minutes is added to allow for the average extra consumption
of time in treatment of injury on Sunday. This amounts to I8¢5 hours
work per week. Knowledge of the energy expended in this time would
permit comparison to be made with other occupations. The severity of
work could then be graded according to the categorisation of Christensen
(1953) whose classification of work loads in terms of physiological

reactions is presented in Table |.

Table 1. Christensen's (1953) classlfication of work loads In terms
of physiological reactions

Heart rate

during work
(beats/min)

Work load |Oxygen consumption Energy expenditure

(2/min) (kcal/min)

Light 0+5 = 10 2¢5 = 540 60 - 100

Moderate |eQ = |5 S5¢() = 75 100 ~- |25
Heavy |e5 = 240 7¢5 = |00 125 - 150
Very Heavy 200 = 245 10eQ = (245 150 - 175

Unduly Heav > 25 o > |25 > 175
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3.1, Objectives of the study

The general obJécfive of this study Is to analyse the physical,
physiological and psychological demands imposed on a population of
professional footballers and to assess the capacity of players to meet
these demands. This circumscribes a number of more specific objectives

in view of the diversity of demands in this occupation.

The specific objectives are:

l. flitness: +to monitor fitness profiles of subjects throughout the
playiné season. [his data should permit:

(a) comparison with data for other top-class sportsmen,

(b) compariscn between squads at each test.

(c) comparison between tests to assess the effects of the
Intermediate training, particulariy the pre-season training
regime and the long-term seasonal effects.

(d) investigation of the independent components of fitness in the
population studied.

2. competition:

. (@) to determine the absolute and relative levels of psychological
stress preceding competition. This Inc]udes the study of
individual differences and .comparison with reported levels for
other sports.

(b) to study the relationship between pre-match psychological
stress and performance variables.,

(c) to devise a methodology for evaluating work-rate during
competition using motion analysis.

(d) to investigate differences in work-rate and behavioural

characteristics according to positional roles.
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training: +to determine the level of physiological strain and
assess it critically as preparation for competition.

4., occupational stress: to evaluate occupational stress from
training and competition data according to the classification of
Christensen (1953 op cit).

5. physical stress:

(a) to identify critical incidents from béhavloural classification
during competition, |

(b) *o analyse injury records over a complete season.
This should permit their classification and allow comparison
To be made with the data of Bass (1967 op cit) and Adams
(1973 op cit), as well as the investigation of relationships
with fitness variables.

6. habltual activity: to determine the level of daily energy expend-

Iture and the postural nature of habitual activity.

3.2, Hypotheses

3.2.1, Occupational success for a professional footballer depends cn
recognition as a regular First Team member. First and Reserve Team
squads undergo similar training regimes and participate equally
frequently In competition., It is gupposed that all professional
playing staff aspire to playing in the First Team and that those with
the requisite skill, physiological and psychological make-up succeed.
I+ Is hypothesised that there are significant differences in fitness

profiles which discriminate between "First" and "Reserve' team members.

3.2.2. Saltin et al (1969) found an 8-10 week training regime Two or

three times a week effected significant improvement in circulatory
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and pulmonary variables of sedentary subjects. Fardy (1969 op cit)
found similar changes in soccer players over a ten-week period of
conditioning, though the frequency of training was not mentioned.
There have been many investigations of the effect of a training
regime (e.g. Sharkey and Hol leman, 1967; Fox et al, 1973; Brynteson
and Sinning, 1973). Sloan and Keen (1959) reported significant
improvement in circulatory variables in oarsmen and rugby players
with 2-4 months training and Shephard (1968a) observed significant
improvement in fitness variables in sedentary subjects after six
weeks. It Is not customary for professional footballers to continue
active +raiﬁing during their seven-week vacation. |t is expected
that disuse effects occur in this period. It is hypothesised that a

six-week pre-season tralning regime significantly alters fitness

profiles in the population studied.

3.2.5. Welford (1968), in a review of the relevent liTeraTdre, concluded
that stressing agents which increase arousal - a concept that can in
broad terms be equated with Shephard's (1968) 'anxiety reaction! -
could be expected in mild degrees to improve perfo}mance and In more
severe degrees impair it. The result Is an inverted U shaped
relationship between level of arousal and performance which is illus-
trated in Fig. |.  Though indivldhal differences must be expected
within a team in the degree of the anxlety reaction, the mean level
may be considered as an Index of group‘arousal. Because the
stressing context Is experienced weekly it Is not expected that the
degree of reaction is severe., It Is Bypofhesised that there is a

positive correlation between mean arousal level and team performance,
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0 C - optimal arousal level
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O
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O
o
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Arousal level
| Figure 1. The relationship between level of arousal and
performance efficiency
3.2.4. The demands imposed by cdﬁpefi+lon on the goalkeeper are obviously
different in essence from the demands of playing outfield. 1T seems

his involvement is in short busts of activity requiring vigilance anad
concentration when play is in his vicinity, interspersed with pauses
while his goal is not threatened. Outfield players are mostly

considered as a homogeneous group, each equally contributing in work-

rate during the game.

According to current styles of puffield team configurations,
players may be classified into the following positional roles -
centre-back (2), full-back (2), mid=fielder (3) and striker (3). This
formation is commonly known as four-three-three. The centre-backs
are essentially defenders, the full-backs are defenders who assist in
attacking manceuvres, mid-fielders act as |inkmen between defence and
attack, the attackers are known. as 'strikers'! because of their goal-
scoring role. I+ is hypothesised that there are differences between

each group in the work-rate demanded by the game and that The greatest
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demand is Imposed on mid-fielders because of their linking role.

In soccer the lower extremity is more vulnerable to injury than
the upper body as it is usually fixed to the ground, burdened by the
rest of the body weight and subjected to shear and rotational stresses
from extrinsic forces. Increased mobility and strength might be
expected to provide greater protection against injury. Goven and
Koppenhaver (1965) asserted the existence of accident proneness and
hypothesised that specific personality patterns tend to be found in
accldent-prone individuals. They found no relation between neuroticism
and injuries in sixty American football players. Brown (1971) found no
réla+ionship between Injuries in high school American footballers and
personality traits. The inventory used does not measure anxiety
factors. Davis (1948) presehted the observation of clumsiness and
Increased liability to accidents in acutely anxious patients who are
preoccupied with their worries. He suggested the accldent-prone are
unresponsive to the stimuli comprising the work situation. Hayes
(1974) discussed the apparent relationship between the incidence and

severity of sperts injuries and aggression from a sociclogical perspec-

tive. I+ is a frequently articulated bellef that the more anxious
and apprehensive players tend to get injured in soccer. In the present
study the hypothesis of a relationship between personality factors

pertaining to an anxiety dimension and injuries is proposed.

The time consumed by professionai | | fe-space of footballers is
much less than many other occupations. A considerable proportion of
+his time is taken up by dressing, eating and travelling. In non-
professional |ife-space, footballers are not encouraged 1o participate

in vigorous physical activity because of a risk of injury. It is
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hypothesised that the level of habitual activity and dally energy

expenditure of subjects Is of the same order as the normal populaticn

and approximates the values quoted for the "reference man' (Durnin

and Passmore, 1967).

3.3. summary of hypotheses

IT Is possible to discriminate between Flrst and Second squads

by means of fitness profiles,

Fitness profiles are significantly altered by a six-week pre-
season training regime.

There is a positive relation between pré—maTch arousal and team
performance.

There are specific work-rate requirements imposed by the game
according to position, the greatest demand being on mid-fieiders,
There is a relation between Injuries and personality aspecTs,

the more anxious and apprehensive tending to get injured,

Daily energy transformations of footballers do not differ from

ordinary levels.
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METHQODS

Sub jects

Procedures

A battery of fitness tests was appllied to subjects at four

points during the season:

(a) pre-season (Tl) = npn = 3}

(b) end of pre-season training (T2) =— n = 3l.
(c) mid=season (T3) = n = 30.

(d) end of season (T4) — n = 28.

T3 included one subject not involved in the previous fests. T4
included two subjects not tested previously and one subject not present
at T3 due to injury, Ss were.allocated to Squad | or Squad 2 by
management.  Squad | represented the poo! from which the current First
Team was selected. Squads attended the laboratory for testing
separately on consecutive days. Measurements accorded with standard=-
Ised procedures (Weiner and Louire, 1969 op cit; Clarke, 1967 op clt).
The serlal order of tests was unchanged between indiviguals and between
tests. The experimenters consisted of eight qualified physical

educationists who were trained in the measurement procedures employed.

S's weight and height weredetermined in his socks and shorts using

an Avery Type 3306 ABVﬁweighing scales and a stadiometer mounted on the

scales (Plate 1). Height was measured to the nearest cm with The

Frankfort plane horizontal and a counterweight board brought down on

S's head. A ponderal index (Pl) was computed using the formula:

Heiqht
Pl = 210071 (Parnell, 1958)
3/WeighT

Body Surface Area (BSA) was determined using the nomogram of

Sendroy and Collison (1960),
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The apparatus used for measuring

height and weight,
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Limb circumference and length were measured on the left side of
the body using a steel tape and recorded to the nearest cm. Upper
arm girth was taken horizontally at the point of maximum circumference
with thearm flexed and tensed. Calf circumference was measured
horizontally at the point of maximum circumference with S seated and
the knee at an angle of about ninety degrees. Thigh circumference
was taken with S standing freely, feet stightly apart, with the tape
round the thigh horizontally, its top edge under the gluteal fold,
Pelvic circumference was measured horizontally at the superior margin
of the iliac crest. Chest circumference was measured at the marked
union of the third and fourth sternebrae at right angles to the
longitudinal axis of the body both at the end of a maximal inspiration
and at the end of a normal expiration. The difference between these
measures was expressed as a proporticn of the latter value to form an
additional vériable ('chest difference'). Upper arm length was Taken
as Tthe distance from the external superior border of the heéd of the
humerus to the inferior border of the olecranon process. Thigh length

was taken to be the horizontal distance between the rearmost point of

the left buttock to the front of the patella, with S sitting erect,

feet resting on the floor and knees bent at about right angles. Limb
lengths were measured only in Tl and T3, except for the two subjects

who were ffrsf tested at T4,

Ankle mobility was measured with a flexometer in accordance with
the design of Nowak (1972). The difference in degrees between “he
deflection at full plantar-flexion and full dorsi-flexion of a pointer
moved by S's foot and incorporated in a goniometer was faken as The

index of mcbility of the anﬁle'joinf. The maximum of three readings

was recorded. Measurements were not obtained at TZ.



Plate 2. Measurement of sub-scapular skinfold thickness

using Harpenden cal iper.

40.
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Fatfold measurements were taken at three sites — triceps, sub-
scapula, and supra-iliac - with a Harpenden skinfold callper which exerts
a constant pressure at varying openings of the caliper jaws. The width
of the opening is read off Iin mm on a scale Incorporated in the apparatus.
The triceps measurement was made at the mid-point of the humerus, the
sub-scapular was made just Selow the tip of the inferior angle of the
scapula, the supra-iliac was made | cm above and 2 cm medial to the
anterior superior iliac spine., The sum of three skinfold measurements
was used as an additional fatfold variable. An estimate of endomorphy
was obtained using the fechnique of Parnell (1958). Measurement of
sub=-scapular skinfold thickness is shown In Plate 2.

Measurement of isometric muscular strength was made using cable
tensiometry according to Clarke (1954), Hunsicker and Donnelly (1955).
Body position, joint angle and position of the pulling strap were
"standardised. The cable Ieng+h.required for each S for each function
measured was pre-determined. S's were asked to exert maximum effort
with The Joint in the required position. | The peak deflecfiog of a
needle on the tensiometer dial was indicated by a marker left by the
primary pointer at its largest deflection. The maximum of three frials
was recorded as the index of S's strength. The strength of muscle
groups activating the following joint functions was tested-— neck flexicn,
trunk extension and flexion, hip extension and flexion, knee extension
and flexion and ankle extension. A test to measure the force exerted in
a two-handed overhead pull was applied. Grip strength of each hand was
measured using grfp dynamemetry (Clarke, 1967 op cit). Measurement of neck

flexion and grip strength are illustrated in Plate 3 and Plates 4 and >3,

Vertical jump and standing broad jump performances recorded to the
nearest cm were used as criteria &f muscular power. The best perform=

ance of three trials was recorded after one warm-up (Clarke, 1967 op cit).



Plate 3,

Measurement of neck flexion strength

using cable tensiometry,
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Plate 4, Grip strength measurament using

grip dynamometry.,
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Plate 5. Grip strength measurement using

grip dynamometry,

I
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Simple reaction time was measured using a Heuer chronoscope
(Teichner and Krebs, 1972). S was instructed fo respond to the

presentation of a visual stimulus by depressing a push button with

the index finger of his dominant hand. The mean of ten trials after

excluding the fastest and slowest was recorded. The equipment used

W

is shown in Plate 6.

VC (Vital Capacity), FEV, (Forced Expiratory Volume in the firsT

|
second of expiration) and FEF (Forced Expiratory Flow) were determined
using single-breath dry spirometry on forced maximum expiration after

a maximum Inspiration. The peak of three trials was recorded (Cotes,

1965; Drew and Hughes, 1969). The apparatus used Is shown in Plates

7 and 8.

Blood pressure (BP) measured using a sphygmomanometer (Plate 9)
was taken on S's left arm while sitting on a chair (Weiner and Loulre,
1969 op cit): Systolic, diastolic and pulse (systolic minus dlastolic)
pressures were recorded. Sitting heart rate was deferminea by

palpation at the radial artery over a ten-beat interval, using a stop-

watch calibrated in beats/min (§s+rand and Rodahl, 1970; Thomas,
1971). Basal heart rates were Qbfalned cn 2! Ss while sleeping
(03.00 hrs - 04.00 hrs) during pre-season training. Basal heart rate
was estimated in the remaining ten Ss from a I;borafory resting heart
obtained while sitting (Thomas, 1971 op cit). The stop-watch is shown
in Plate 10,

The Harvard Step Test was administered according to Brouha (1943).
S stepped up and down thirty times a minute for five minutes on a bench
twenty inches high (cf Plate 11). The pulse rate while sitting was
counted by palpation at the radial artery from I-1+5 min, 2=-2+5 min
and 3-3+5 min after exercise ceased. The Harvard Index (HI) was

computed from the formula:
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Plate 7.

The Vitalograph

lung function.

used TO measure
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30,000
2 x sum of Recovery Pulse Counts

HI =

A treadmill test was administered according to Esfrand (1953).
S ran on a motor-driven treadmill at 10 km/h and an angle of 1©
for 5 minutes. Heart rate was obtained by palpaticon at the carotid
artery at the cessation of exercise and the exercise heart rate

predicted according 1o Thomas (1971 op cit). The apparatus used Is

shown in Plate 2.

Maximum heart rate (f+%ax) was obtalned during a shuttle run to

exhaustion (Thomas, 1973) (Plate 13)., The exercise heart rate was
predicted from the post-exercise rate according to the formula of Thomas
(1971 op cit). A cardiac assessment factor was computed from the
formula:

CAF = 12X x |0

fH .
min

Self-reported waking heart rates were found unreliable.  The lab-
oratory sitting heart rates were reduced by 18% in The calculation of
CAF (Thomas, 1971 op cit) for Ti, T3 and T4. Basal! values obtained

as described earlier in this section were used in TZ2.

Personality was assessed using the Cattell 16 P.F inventory
(Cattell, 1963), Standard scores were established according to the

norms of Cattell and Eber (1962).

4.1.2. Analysis of Data

Means, ranges and standard deviations were obtained for the
group as a whole and separately for First and Second Team squads.
Management's separation of players into their squads was adopted in
tThe analysis of Tl and T2. For T3 and T4, players who had established
or consol idated their posi%lo;s as First Team performers since the

previous test were adjudged to be in Group | (i.e. First Team).
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Differences between tests and between groups were investigated

using analysis of variance. The model employed was of the form:

ACI) + B(J) + C(K) + BCUJK) + E(1JK)

where A represents the between subjects! variance,
B represents the variance between Qgroups,
C represents the variance between tests,
BC 1Is the interaction term,
and E is an error term,

In some instances the mean values between tests were compared

using the 't' test.

For each testT battery data a principal components analysis was
employed using all the variables in the test battery. The programme
used was the ICL 1902 Mark || Statistical Package. This analysis
maxImises the variance between individuals and where independent comp-
onents of fitness are isolated allows grading of individuals according
to their scores on each component extracted. Identification and
Interpretation of components were attempted from the combination of test

[tems contributing high eigenvector values to the sums of squares for

each component.

According to Gorsuch (1974), factor analysis "allows one to
analyse numerous variables at a Time, to unravel relationships among
variables correlated In highly complex ways, to report gradated
relationships to factors, and to stress parsimonious solutions'".
Factor analytic techniques were employed to investigate independeqt
factors of physigal fithess. in view of Cattell's (1962) claim that
no rigid orthogonal solutions can yiéld such good match across exper-
iments as oblique solutions, two analyses were performed using the
SPSQ programme: i) Factor analyses with orthogonal rotation, 11)
Factor analyses with oblique rotation (Nie et al, 1970). The personal ity

variables were excluded from the original test battery. Non-pure
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variables, i.e. combinations of two or more other variables were

excluded %o avoid ill-conditioning the correlation matrix (lsmail et al,
1965).  Further reductions based on an inspection of the correlation
matrix using all the original variables were made. This was necessary
because the dimensions of the matrix exceeded the current core storage

facllities for this programme with the computer used at Manchester

Regional Computing Centre. The maximum number of variables that could be

employed was established by trial and error for each test. Four tests

were analysed in view of Cureton's comment that factors are affected by

relative state of fitness (Cureton, 1966 op cit).

A series of discriminant function analyses was employed to inves-
tigate the discriminability between groups for each test as well as
multivariate discriminability between Tl and T2, This method has been
employed by Kroll and Carlson (1967) to differentiate between levels of
karate proficiency on the basis of personality profiles. Thls analysis
maximises the variance between groups in order to best disprimlnaTe
between them. As the analysis is Invalld when the number of variables
exceeds the number of subjects, the test battery was split for separate
analyses Into four parts comprising: 1) anthropometry and blood
pressure, il) strength and muscular power, 1{ii) cardiac and 1iv)
personality variables. In addition, scores on the first eight compon-
ents in Tl and on the first six components in the remaining tests were

analysed for their ability to discriminate between groups.

The discriminant function analysis tests the significance of group
separation on the basis of a set of variables which are considered as a
whole. The analysls first tests the hypothesis that the group co-

variance matrices are equal Irrespective of group mean vectors using:

(a) Box's Criterion M (Jones, 1964), (b) F Ratio. The hypothesls

that the group mean vectors are equal s then tested under the



assumption that the group covariance matrices are equal. Uni-=
variate F Ratio for each variable is obtained and transformed to a
scaled ecigenvector. This represents the discriminant co-efficient
for each variable and reflects the real relative importance involved
in discriminating between the groups. Two tests are available to
test the significance of the roots through calculation of Wilk!s
lambda: (a) Rao's F Test — this tests the significance of group
separation, (b) Bartlett's chi-squared =+this tests the individual
contributions of the discriminant functions with no roots removed.
Each S is allocated 1o one of the groups in the Hits and Misses Table

and his membership probability for each group calculated.
4.2, Competition

4,2.1. Pre-Match Stress

A number of physiological parameters have been used as dependent
varfables in studies of increased activation and arousal induced by
sfresé. In the context of the soccer dressing-room, these concepTs
of arousal and activation can be considered as synonymous with the
anxiety reaction. Welford (1968 op cit) reviewed the use of
muscle tone and autonomic activity over the past forty years In studles
of intensity in the field of emotion. Lacey (1950) used systolic and
diastolic blood pressures and palmar conductance as measures of
autonomic arousal. Heart rate and skin conductance were used by
Campos and Johnson (1966).  Von Euler (1964 op cit) concluded mental
stress situations could be quantitatively evaluated from analyses of

0
urinary excretion of catecholamines, Astrand ét al (1673) used

epinephrine and norepinephrine levels as indicants of work stress in

coastal fishing. This avenue of investigation was inapplicable in the
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current context as the coliection of blood and urine samples was not

feasible In the dressing-room pre-match situation.

Behavioural indicants of the anxiety reaction employed in research
include perceptual-motor steadiness as measured by the degree of hand
tremor (Hammes and Wiggins, 1962; Vaught and Newman, 1966). Caille
et al (1972) used behaviour observation, a technique not suited fo the
pre-match dressing-room environment. A pilot investigation did not
suggest that the use of subjective excitement scales as described by
Gabler (1972) would be efficacious as the seman+i§-differen+ial technique .
was adjudged to lack sensitivity for current purposes. Paper and pencil
tests were disregarded as it was felt this technique might intrude infor
the mental preparation of subjects for the impending game. The tech-

nique eﬁployed required to be unobtrusive and administratively convenient.

The phenomenon of emotional tachycardia has been described by many
authors including Rstrand (1967), Hickam et al (1948), Faulkner (1964}
and more recently Carruthers (1974)., Ruffell Smith (1967) emphasised
t+hat as heart-rate varies with both physiological and psychological phen-

omena, It can only be used as a measure of stress (sic) when one or other
of them Is known to be absent. Results of Bateman et al (1970) suggest

sensitivity Is increased if measurement is delayed as late as possible

before the event inducing the tachycardia.

In pllot investigations it was established that heart-rate data could
be unobtrusively obtained on all players over a five-minute period prior
to leaving the dressing-rocm for the playing pitch. |+ was further

established that heart-rate was stable over this period.

Procedures

Heart-rates were obtained on 12 players prior to 41 League games,

3 Cup matches and 4 friendly or testimonial games. Measurement was
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performed by palpation at the radial artery over a ten-beat interval
using a Heuer stop-watch calibrated In bea+§/min (Rsfrand and Rodahl,
1970 op cit). Measurements commenced with the goalkeeper thlrteen
minutes before Kick-off time., Ss were seated some time (minimum four
minutes) before heart-rate was determined. This was already conven-
Tional dressing-room procedure as sitting to lace football boots is

performed late in the dressing routine.

Two separate indices of arousal were employed: 1) the absolute
heart-rate value, 1i) the increment over basal heart rate (obtained
by palpation during sleep between 03.00 hrs - 04,00 hrs). Mean values
of the eleven players excluding the substitute were employed as the
criteria of feam arousal. An arbitrary ten-point scale was devised to

score team performance. This scale is illustrated in Table 2.

Table 2. Scale for grading gross team performance

Win Away 10
Win Home 9
Win Away

Win Home 7

Draw Away draw 6
Draw "Home draw 5

Lose Away
Home

Lose

Lose Away > | goal 2
Lose Home > | goal |

]
”
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Analysis of data

Means and standard deviations were obtained for absolute heart-rate
values and for increments over basal values: |
(a) for each game.
(b) for each player in his League appearances.
(c) for all home League games and for all away lLeague games .
(d) for all league games.

(e; for F.A. Cup games.

(f) for each player making his first team appearance of the season or

returning to the side after an interval of more than one intervening

game.

Spearman rho (Siegel, 1956) was used to investigate the correlations

between the mean level of each S and:
i) his overall performance during a game.

[i) drive and anxiety dimensions of personality.

Team mean values were compared when playing at home and away to

twenty different teams using a sign test (Walsh, 1946), The difference

between F.A. Cup matches and League games was analysed using Students 't!
test.

The correlation befﬁéen individual mean levels and work-rate during
competition was investigated using Spearman rho. This method was used to

Investigate correlation befween team mean values and spectator attendances.

Match play and competlition work-rate

The measurement of physiclogical parameters is impracticable during
competitive professional football. The energy expended in performance
is directly related To The mechanical work output, a measure of which in

a field invasive game is the total distance covered. Pollock (1968)
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suggested howa time-motion analysis can be used to quantify a training
prescription but his technique has no utility as an evaluative tool

for current purposes.- The cine-film technique used by Salt+in (personal
communication, 1973, August 16th) is too expensive to employ for collect-
Ing the amount of data required to investigate positional differences,
apart from the technical problems of obtaining measurements of distance
from the film. A methodology for assessing the extent and intensity of
movement, incorporating motion and activity analysis, was designed for

application during competition.

Procedures

Each discrete activity during competitive play was recorded from
observation, any change in the nature and level of behaviour constit-
uting a new activity. Movemeéf was divided Into walking, backing
and running: Running was sub-divided according to intensity infé
Jogging, cruising (running with manifest purpose and efforfi and
sprinting. Where distance was covered In possession of the ball, this
was recorded. Jumps off the ground for the purposes of heading or
kicking the ball and of avoiding tackles were recorded. Frequency and

duration of time on the ground, standing stiil during play or during

an Injury pause were recorded by counting at a |~-second rate when the
duration of the stop was short (< 3 s) or with the assistance of a

éfop—wafch when the duration was long, the watch being activated on the

count of three.

To asslst the estimation of distance a number of cues on the playing
pitch and its boundaries were used. A map of the home pltch was drawn
up and a grid superimposed on this. The lime markings on the playing

pitch provided the framework for this purpose, Longitudinal divisions
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were derived by extending the penalty area side-1lines to meef at mid-field.
Transverse divisions were obtalined by designedly painting markiggs o

the boundary walls at intervals of ten metres starting at each end

line for each half of the pitch. Gradations in colour of grass on

the pl+éh due to the mode of grass-mowing provided additional transverse

and longitudinal cues., Distances were pre~determined using a steel

tape. The map was mentally rehearsed and kept available for checking

purposes at competitive matches. The map used is illustrated in

Figure 2.

At away games the dimensions of the playing pitch were obtained
from ground staff and checked using a steel tape on one half of the pitch.
Convenient visual cues incorporated in the advertisement hoardings along

the far side-line were used as a basis for interpolating between pitch

markings.

Observations were made from a seat in the Directors' Box overlooking
the half-way line In |-metre units. The activity of one individual was
monitored for the duration of a complete game. A coded commentary of

his activity was recorded using a casette tape-recorder,

A total of fifty-one competitive games was observed. Everton

players were studied at both home and away games on forty-two occasions,

along with one game against the 'Reserves! at the experimental home
ground. Seven opposition players were observed each on one occasion.
In addition, observations were made during two full international matches

played at Goodison Park, the experimental home ground.

Validation

The validity of the methodology for estimating work output required
the establishment of Its reliability and its objectivity. Clarke (19567

op cit) defined reliability as "the degree of consistency with which a
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measuring device may be applied". Because the activity here monitored
could not be reproduced with the consequent avallability of repeated
measures, the conventional statistical procedures of test-retest or
split=half correlations implied in the definition were not appropriate.
Feldt and McKee (1958) wrote about a skill test:
"There is no single index which may be rightfully called the
reliability of the test. There are in fact as many reliabilities
as there are ways in which one may rationally partition the
variance of obtained scores into true and error components".,

The analysis of variance procedure and the models used by Hoyt (1941),
Henry (1959) and Baumgartner (1969) were not fitted to the current design,
which required the establishment of a criterion and the comparison,
activity by activity, between the estimated figure and the criterion figure,
A criterion which employed mechénlcal instruments and was error-=free in the
extraction of data could be regarded as producing a true score as connoted
by Feldt and McKee (1958 op cit). A true score of movement parameters
could be achieved by concurrently filming competition and applying the
sub jective methodology. The coefficient of correlation between the
estimates and synchronous measurements obtained from the film record Is

a de facto coefficient for the reliability of the experimental method.

Objectivity as a concept has different meanings. According to
Clarke (1967 op cit), objectivity in testing is achieved when no dis-
agreement occurs among competent persons In scoring any given subject
while using the same test, In the current context, inter-personal
comparisons were adjudged invalid as it was felt the degree of training

in the methodology and the pre-requisite commitment to the research were

not easily replicable.

Frequently in physical performance testing, objectivity only Is

computed - the assumption being that if objectivity is established,



relfability is automatically assured. A measurement Instrument can
have a high degree of reliabllity without an appreciable degree of
objectivity. In this instance the concept of rellability is contained
within the concept of objectivity as the method could concelvably
contain a consistent underestimate or overestimate. The concept of
objectivity in the current context means that the subjective estimates
concord with the actual distances covered, concomitantly obtained using
mechanical Tools of measurement and the same unlits. The establishment
of reliability alone and a consistent measurement error would vindicate
the experimental technique If a ccrrection factor could be applied to

it. The validity of the method is then a logical sequel.

In conjunction with the experimental method a video-tape recording
was made by an assistant, the camera following the same S throughout
one complete match, Data was extracted during playback on a modified
'TV! screen., The systems used are shown in Plate 14 and P[afe 15,
Activity was analysed according to the +axonomy of the experimental
method. For each discrete activity the number of sTriaes was counted
and converted to distance using the mean length of stride of S at
cach Type of mermen+. Hogberg (1952) found that there was for every
runner and every speed an optimum of stride length and frequency. The
most economical stride length always lay In the region of the freely
chosen one with well-trained subjects, Bdje (1944) showed that the
frequency of steps was only slightly increased with increasing speed in
running but the length of the steps was greatly increased. More
recently, Knuttgen (1961) found that increases in running speed are
largely effected by increases in stride length rather than stride rate.
In view of this, separate mean stride lengths were established for the

+hree levels of running intensity employed.
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Mean stride lengths were determined during fraining by instructing
S to cover a distance between two marked points at each type of activity
and at a level corresponding To the experimental classification. For
each type of acflvlfy; mean stride length between the points ~ which were
fifteen metres apart - was determined. After the conversion of strides
during competition to distances for thig S, The measurements taken from
the tape-recording were comparable, activity by activity, with the data
obtained by the experimental methodology.

The reliability of the experimental methodology was investigated
using cross—product correlation analysis. Objectivity was established
using regression analysis. |f the method were perfectly reliable and
perfectly objective it should have a correlation coefficient of one, the
regression equation should have an intercept of zero and a slope of one,
Perfect objectivity would also ]mply a constant stride length for a given
level of activity irrespective of the distance of a discrete movement
activity. |

Reliability coefficients (r) obtained were highly signi;lcanf for
all types of activity. The values for r were: backing 092, walking
097, joggling 096, cruising 092, sprinting 0°97, No cmissions In
recorded activities were found, indicating no attentive lapses on the
'parf of E during the observation period. Disagreement in classification
of activity was infrequent, occurring on thirteen instances during the
match. Misclassifications were excluded from the data in +the correlat-
jonal analyses, but were included in the regression analysis.

Mean stride lengths were found to be 060 m for backing, 064 m for
walking, 0°9 m for jogging, l*13 m for cruising, 124 m for sprinting.
The;e values consistently concorded with results taken off the video—-tape
record during typical movements » 9 m when the distance between two

marked po}nfs al lowed accurate determination.
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When distances were estimated from siride frequency for each
movement activity the results correlated highly with the measurements
using the devised methodology (r = «97), The regression equation to
predict distance as computed using the stride counts (y) from the
experimentally derived values (x) was: y = = 539 + |«065 x, Over
a typical match involving 900 discrete movements and a total of
9000 m, this amounts to an error of less than one per cent which is

well within acceptable limits for this type of investigation.

Analysis of Data

Mean and standard deviation of the total distance covered in a
game were obtained for all Everton outfield players observed. Means
and standard deviations of the frequency and distance of each type

of activity were determined.

Ss were subdivided according to four positional roles (centre-

backs, full-backs, mid-fielders and strikers) and the significance

of differences between positions analysed using the '+' test.

Fiqures for home and away games when the same S played in similar

positional roles were compared using a sign test to investigate the

difference between home and away conditions. Where the difference
in duration of first and second half was less than one minute, results
were analysed using the sign test fto Investigate a 'fatigue'! effect

represented by a significant decrement In performance (fotal distance

covered) in the second half of the match,
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4,3.1.

Assessment of training load

Methodology

Oxygen consumption is taken as a valld Index of the severity of
vork fBrouha, 1960; Durnin and Passmore, 1967, op cit), The
resultant proportionate load on the circulatory system is an indicant
of Its severity in an Individual. The relative load is of greater
importance to the individual than the energy demand (gsfrand, l. 1967),
Ascertaining the relative load necessitates the expression of the 902
demands of work as a percentage of the indlvldual"s \702 A which Is
equivalent to his maximum aerobic: power, \702 max May be measured
directly during maximal work or predicted from submaximal measurements

of one or more exercise intensities by using the known linear

relationships between heart rate (fH) and VO, and extrapotating 1o

Vi

an assumed maximum heart rate,which with European male subjects aged

20-30 Is 195 beats/min (Astrand and Rhyming, 1954).

The heart rate may be measured during work in the field situation
and applied to the individual's fH=V 02 curve determined in the
|aboratory 1o estimate the energy demands of work., Rsfrand (1971)
emphasised that Q(%Z can be estimated in the laboratory during controli-

ted work on a bicycle ergometer, step-test or treadmi!l running as the

| mechanical efficiency of these activities is relatively constant.

These princliples have been applied to estimate the energy cost of
basketball by McArdle et al (1971), of a number of selected sports by
Skubic and Hodgins (1967}, by Astrand 1. (1967 op cit) in the building
industry and Rstrand 1. (197 op cit) in housekeeping activities.

This method clircumvents the inherent shortcoming of indirect calorim-
etry In that It is impossible -for a footballer to play while carrying

a Doﬁglas bag or K-M respirometer.

Bradfield (1971) recommended that energy expenditures for a perilod

70.
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of time be obtained by using the mean heart rate for the corresponding
period and referring to the Individual's regression |ine for the
energy expenditure corresponding to the heart rate. Caloric values
may be obtained by assuming the {!02 and energy expenditure relation-

ship of Weir (1941):-
E = 492 x VO

2
where E represents energy in kcal/min and
VO Is consumption of oxygen in £/min.

V.
To avoid the dangers of extrapolation, Bradfield suggested

submaximal work at three levels - one in the area 120-130 beats/min,

a second In the area 140-150 beats/min, and a third at a rate exceeding

|60 beats/min. Sjostrand (1947) employed two submaximal work-loads and

extended the two points obTaiqed for the heart-rate/work-load relation=-

ship through the 170 heart rate line to determine physical working

capacity (PWCI7O)' Margaria et al (1965) employed two submaximal work

levels of bench step-ups to predict VO de Vries and Klafs (1965)

2 max

reported that the use of two work-loads to determine a slope line in
0
the Sjostrand test offered no advantage over the shorter Astrand-

Rhyming (1954 op cit) procedure in which the maximal O2 uptake is

predicted from one submaximal work-{oad.

Booyens and Hervey (1960) concluded the pulse rate method is valld
during moderate exercise for measuring the energy metabolism. They
dtd not investigate high work intensities. The type of activity and
posture can have an imporTtant influence. Andrews (1969) investigated

5 relationship and

found a significant subject X site of work interaction. In addition,
Bradfield's conclusion (that heart rate is a better predictor of
oxygen consumption with subjects that are moving than with subjects

that are sitting or standing) advises the use of treadmil! running as
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the laboratory work-mode with the population studied here, as this
should adequately represent the gross muscular involvement in playing

SOCcCer,

The relationship between fH and VO may not be |inear throughout

2

the range from minimum to maximum values. Booyens and Harvey (1960
op cit) reported that at rest there was too much variation in both fH
and 702 w'i'rh- changes in posture for fH to be useful in measuring
metabolic rate, but that during muscular activity a consistent relation=-
ship obtained. Henderson and Prince (1914) had shown that in any one
individual there was one relation between fH and 902 which held good
during rest and very light activity, and that there was an abrupt
transition to a second relation when exercise was undertaken which was
more constant and linear, and which in turn broke down at high levels
of exertion,

Cardiac output (6) is one of the important measures of the contrib-
utions of the heart to the metabolism during physical work. Stroke
volume (SV) of the heart is involved as well as its rate of contraction

and this is represented in the equation: Q = SV x fH. Brooke (1969) cited

Brouha and Radford's (1960) conclusion that after a low level of exercise,

demanding about 12/min 0, uptake, SV in the human remains practically
unchanged and increases in fH depict the cardiac adjustments to physical
work. Berggren and Christensen (1950) found that pulse rates could be

used advantagecusly as an index of the metabolic rate. In the ranges

of I to 42.0, min, an increase of 30 cc in oxygen uptake corresponded

+o one heart beat/min. Malhotra (1963) related oxygen consumption to
heart rates and had to construct two |inear regression lines for each § =

pre and post heart rates of 95 beats/min— indicating a functional differ-

ence at this level of work. ~Astrand et al (1964) demonstrated that at

heart rates of approximately |10 beats/min or at oxygen uptakes of

approximately 40% of maximum, almost maximal stroke volumes were reached
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and no tendency to a decrease In stroke volume was noticed when maximal
work was performed. Jones and Foster (1964) demonstrated that over an
exercise range up to a level demanding heart rates of 17! beats/min,
there is a high correlation between heart rate and duration of left
ventricular ejection (r = 0«86) with only a minor increase in correlation

with the addition of stroke volume to the heart rate measure.

Results of Hamley and Thomas (1967) with racing cyclists suggest

| Inearty between fH and ’:102 holds to exhaustion at heart rates of ~ 200

beats/min. Brooke et al (1968) investigated the relationship of heart
rate to a continuously increasing work load in eleven racing cyclists.
The responses of three Ss were linear to exhaustion at 195 beats/min.

In the other Ss, linear regression equations adequately fitted the curves
up to heart rates In the range 160 to 180 beats/min. The second part of

these Ss!' responses were fitted by exponential equations to the form

0
Y = ax'. Astrand et al (1960) found a constant 02 uptake per pulse beat

from the second minute onward in a study of one S working to a maximum

tolerable time of nine minutes., They concluded:

"+his might Indicate a constant stroke volume and a constant
aerterio-venous O2 di fference and If it does, the increase in

\702 between the second and ninth minute can be explained

entirely by a simultaneous increase in heart rate from 160 to

{80 beats/min",

The heart rate can be affected by the emotional state of the
sub ject, causing deviations from the expected response. Esfrand et al
(1960) noted the general observation that during work the psychic
influence on heart rate Is more or less abolished. Hickam et al (1948)
concluded that when persons with the anxiety reaction undertake
muscular exercise the normal relationship between (3 and 902 is re-

0
established. Astrand (1967 op cit) reported that one world-class

downhi!l skier did have an elevation in heart rate 20 beats/min iIn
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excess of the O2 transport requirements during his run. The emotional
tachycardia is not incompatible with expectations in this type of sport.
IT is unlikely that an emotional component is involved in the daily
training heart rate data of footballers though an emotional tachycardia

may be expected fo intermittently obtain during competition.

Another source of varlability in fH during work is heat stress as

Q subserves the function of preserving thermoequilibrium. Christensen
(1953) reported Increases In fH disproportionate to \702 changes, The
heat stress effects are additive at all levels of work Intensity except

at the highest (Le Blanc, 1957). Brooke (1969 op cit) concluded that

except for severe heat stress, the variabllity In fH is withln the 1Imits
of normal error estimation. Thermoregulatory problems do not arise
during training sessions of footballers, Severe ambient wet-cold
conditions are avolded by use of the indoor facilitles when necessary.
Outdoors during the football season, dissipation of body heat would not

seem to be a major requirement.

Hansen and Maggio (1960) have reported that static effort resulted

In pulse increases that overestimated the actual metabolism. There is

| ittle or no distinct static component in playing soccer or in training

procedures employed.

The cyclical nature of work during competitive games might affect
the validity of using heart rate to predict oxygen consumption. HIilI
(1923) coined the term 'oxygen debt' to describe the amount of oxygen
utilised above resting level during the recovery period. The lag in
oxygen uptake at the beginning of exercise == called "oxygen deficit"
by Christensen et al (1950) — has been said to be due to the oxygen
need In the tissues as a result of the production of oxidisable
substrate (Henry, 1951; Schneider, 1968), Wasserman et al (1967)
found oxygen debt to be equal to oxygen deficit at submaximal work

loads. Whipp et al (1970) found oxygen debt to be twice as large as
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oxygen deficit at short work loads of 2-3 min, but that they were
equal 1f the duration of submaximal exercise was 4 min or more. .
Morton (1974) propoééd that the total oxygen debt may be subdivided
Into three related but distinct components. The first component
Includes that amount of oxygen necessary to repay those oxygen sources
utilised during exercise in addition to the oxygen uptake during
exercise to provide for aerobic energy production. The second com-
ponent includes that amount of oxygen necessary 1o repay the oxygen
equivalent of anaerobic sources utilised during'exercise. The third
component of the oxygen debt consists of the amount of oxygen needed
during recovery to re-establish a normal resting metabolic raTé. The
investigations of Margaria (1964) and Knuttgen (1970) accentuate the
complexity from a theoretical perspective of the oxygen debt-oxygen
deficit relationship. For p;acfical purposes the findings of

Christensen et al (1960), that the deficit in oxygen transport durlng

20 min of actual work performed intermittently was taken uﬁ during

the 120 rest pauses of 5 s each, provide a firm experimental basis

for the use of continuously monitored heart rate during sports perform-
ance as employed, for example, by McArdle et al (1971) to predict
oxygen consumption. Seliger (1968 op cit), who has investigated
intensity of work during performancg In a number of sports employing
this approach, stated that where exercises lasted for a period longer

than flve minutes the work was performed In steady state,

The available evidence suggests that heart rate data can validly
be employed in field studies for estimating the energy demands of work

ranging from light to near maximal intensities, Especially encour-

aging is the work of Andrews (1971 op cit), who found that the

subject-to-subject variation relating fH and J() can be reduced to

2
statistlical non-significance if the wide variation from subject-to=-
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subject In resting heart rate Is taken into account, The variation

at rest was attributed to differences in physical condition (sic).

Regression equations for each individual for the fH-V 02 relation=

ship could not be obtained without Inconvenience to the subjects.

One point on the fH-V 02 curve was obtainable for each S from the

results of the treadmill ftestT conducted in the laboratory. Two
nomograms are availlable to calculate the oxygen cost (ml/kg/min) of
treadmiltl running from the treadmill speed and incline {Shephard, 1969
Margaria et al, 1963). Results of EsTrand (1953) imply supra-normal
mechanical efficiency in treadmi!l] running for top-class Swedlish
footbal lers aged 20-30 and support the use of the Margaria nomogram
based on athletic subjects., Using this procedure the oxygen cost of
the treadmill test was esﬂmaTed to be 36+25 ml/kg/min. \702 max
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