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SUMMARY

The study was designed to provide an overview and a unique insight into the

musculoskeletal demands of the professional footballer in Scotland.

The retrospective assessment of 462 players identified 78 (17%) who had previously
required knee surgery. Further analysis confirmed that the majonty (44) required
partial medial meniscectomy and that only one meniscal repair had been attempted. A
relatively small subgroup of players (8) réquired anterior cruciate reconstruction which
is considerably lower than any European based study. Player position, contrary to
previous soccer epidemiology, could be a relevant factor with the majority of knee
operations being performed upon defenders and goal keepers (Chi-squared=14.735,
df=3, p=0.002). There also appeared to be a surgical bias, according to the level of

competition, with surgical reconstruction occurring more frequently within teams from

the higher divisions.

The preseason is a traditional period, averaging four to six weeks, which precedes the
start of each competitive season. This prospective study of sports injuries during the
preseason period of the Scottish Football League season 1993-1994 was undertaken;
480 players from 27 clubs were assessed. Twenty four of the 27 clubs recruited
completed the study. Of the 414 registered players, 123 (> 1 in 4) reported significant
injuries. An injury was described as an event occurring during a scheduled training
session or a match, which caused the player to miss the next game or training session,
within the following 72 hours. Of the injunies reported, 53.7% were non contact
injuries and pnncipally involved the thigh (14), achilles/ankle (12) and groin (9),
respectively. Of these non contact injuries, 1 in 3.5 were recurrent and 3 injuries (2
groin and 1 achilles) subsequently required surgery. Of those remaining non contact
injuries, 50% (34) sustained a subsequent injury during the first 12 weeks of the season.

Thirty percent of the second injuries were recurrent preseason injuries and 9 (25%) of



these players had more than 2 significant injuries during the first three months of the

S€ason.

It can be concluded that preseason training, although non competitive, is a period of
high risk and its contents must be re-examined. Emphasts should be placed on injury
prevention, especially from overload and overuse injuries, to ensure peak performance
and team stability. Further research into aspects of overtraimning during this period is

required.

Assessments were performed on 480 players from 27 clubs, on a weekly basts, for the
entire 40 weeks of season 1993-1994. Twenty clubs successfully completed the period
of study and the results were analysed in detail. A total of 677 injunies were reported
for 342 players. This resulted in an average of approximately 2 significant injuries per
player per season, the majority of which were non contact (322), although contact
injuries accounted for a similar number (307). The most vulnerable areas included the
ankle (144), the upper leg (128), thé knee (117) and the groin (71). There was a slight
seasonal pattern to the weekly injuries reported, with an increased number of contact
injuries, especially from tackling, occurring during the first 15 weeks and a peak of non
contact injuries during the first four weeks of the season. This may well relate to the
excessive demands of the preseason period. The commonest injuries included ligament
strains (164) followed by muscular strains (99). These two pathologies have now
clearly been identified as targets for preventative measures. It is clear from this study,
that an understanding of the mechanism of injury is important, if preventative measures
are to be targeted effectively. Contact injuries, were responsible for the majority of
ligament sprains (89) and ligament tears (19). These ligament injuries predominantly
involved the ankle and were often the result of tackling (64). Non contact injuries
predominantly resulted in muscular strains (134). They were also responsible for a large
number of ligament sprains (68) and tendinitis (43); The latter frequently tnvolved the

Achilles tendon (30). These non contact injuries are often preventable, as they result



from overuse and overload or incomplete rehabilitation after previous injury. This, in

essence, offers a tremendous opportunity for the medical team and coach to intervene.

Interestingly, contrary to popular opimon, there was very little variation in the
incidence and type of injury according to the level of competition (Chi-squared=1.533,
df=1, p=0.216). The Premier group had approximately twice the level of back injury
(19) and a higher incidence of upper leg imjury (68), when compared with the lower
divisions. Lower leg and groin injunies did not differ between the groups. Ankle
injuries predominated in the lower divisions (65) as compared to the Premier group
(51). Eighty-five percent of the Premier players and 79% of the players in the lower
divisions sustained an injury during this season. The level of injury recurrence, which
is a reflection on the rehabilitation process, was slightly higher in the lower divisions
(18.7%) compared with the Premier group (16.6%). The surgical requirements
according to the level of competition were very similar, the only significant difference
being that two Achilles operations were required on players from the Premier group

and none on those from the lower divisions.

Match injuries accounted for the majority of soccer injuries in this study (77%). The
remaining 23% of injuries occurred duning training sessions. Surprisingly, 54% (203)
of the match injuries did not require immediate substitution.  This gives nise to
concern, as all imuries reported were significant enough to prevent the individual from
participating in the following training session or match. For this reason the mechanism
of injury was assessed in detail. Thirty six percent of these match imjuries occurred
without contact. This is not surprising as non contact injuries are often progressive
and gradual in onset. However, the remaining 64% of these players sustained contact
injuries for which substitution and early medical attention would have been more

approprnate.

One in 10 of all injuries required hospital referral. The majority of these injuries (77%)

occurred during a competitive match and 12% (46) of these required hospital



assessment and treatment. Knee injury was the commonest reason for hospital referral
(19). Eight ankle injuries also required hospital treatment, all after direct contact and
no operative internal fixation was required. Ten players required hospital assessment

for head and facial injury.

The essence of sports medicine is to prevent injury and its recurrence. In this study
injury recurrence accounted for 19% (121) of the 644 injuries reported during season
1993-1994 (34 not specified). As approximately 1 in 5 injuries were recurrent, it is
important to study the injury mechanism in detail. Remarkably, 74% (89) of the
recurrent injuries were non contact and not related directly to the physical contact
associated with soccer. Fourteen percent (17) of the recurrent injunes resulted from
tackles. Recurrent injuries should remain a pnority for the medical team, as the
majority are non contact and relate to overload and overuse of tissues. This may result
from a physiological weakness from previous injury or be due to the persistent overload

associated with competition and training.

Muscular injuries accounted for 34% (41) of recurrent injury pathology, followed
closely by ligamentous injuries, representing 31% (37). Treatment and rehabilitation
should be focused on muscular strains (28%), ligament sprains (25%) and tendon
inflammation (17%), as these pathologies clearly represent the most common causes of
injury recurrence. By anatomical region, 15% of ankle injunies (27) gave nse to
recurrent pathology and 26% (31) of knee injuries.  Player position does not
predispose to injury recurrence, although goalkeepers are less prone to recurrent injury.
It is worth noting that 121 recurrent injuries were shared between 86 players and
therefore 17% (15) of the players sustained two or more injury recurrences. There 1s
also a slight seasonal pattern to injury recurrence, with 31% of recurrent non contact
injuries occurring during the first quarter of the season, followed by a definite dip in

injury frequency over the festive period. The initial seasonal peak may well relate to



the resultant effects of a poorly structured preseason and the Christmas dip may relate

to extreme weather and match cancellation.

Durning season 1993-1994, 30 players (8.8%) required surgery and shared a total of 33
operations. Almost 1 in 10 players, therefore, required surgery during the season with
all that entails. Not surprisingly, knee surgery was the commonest procedure, with 13
operations being performed on 11 players. Two players initially had arthroscopic
exammations and subsequently required further reconstructive procedures.
Surpnisingly, the next most frequent operation was that of groin or hernia repair (6).
Interestingly, 68% (23) of injuries requiring surgery during season 1993-1994 occurred
during training, rather than as a result of a competitive match. This was confirmed
when the mechanism of injury was assessed in detail, as 25 (75%) of injuries which
required surgery were non contact. Of the 14 players requiring knee surgery, it is of
concern that 6 (44.8%) of these players had previously required knee surgery, although
ther was no strong statistical evidence of an association (Fisher’s exact test, p=0.094).
Of the 342 players studied for the full season, 56 had reported previous knee surgery.
Therefore, 19% of players who had previously had knee surgery required further
surgery which would merit further research. There was also no strong evidence that
the proportion of players requiring surgery differs for the different positions (Chi-
squared=4.446, df=2, p=0.108).

This study has provided a umque insight into the musculoskeletal demands of
professional football. ~The mechanism and prevention of injury in soccer, has been
studied in detail. This will provide a rational basis for future planning in the hope of

optimising performance and minimising injury and its recurrence in soccer.



1. INTRODUCTION

Hippocrates who witnessed the birth of the professional athlete at the Panathenaic

Festival stated that," the condition of the athlete 1s not normal"”.

Prevention of illness and disability is the renewed focus of modern medicine and a
continued focus for Sports Medicine. This statement 1s supported by the World
Health Organisation and reflected by the priority given to the working group on
"Sports for all: sports injuries and their prcve;ltion." To reach these objectives
sports specific research is required to analyse the incidence, type and location of
injuries, as well as the mechanism behind these injuries. The final step in such a
sequence of prevention, would be to introduce measures likely to reduce the

likelihood and severity of injury. (Van Mechelan et al, 1987).

Soccer remains the most popular sport in the world, with approximately 40 million
organised players and is responsible within Europe for between 50 to 60% of all
sports injuries and 3.5 to 10% of all hospital treated injuries.  (Frank, 1977,
Ekstrand, 1982, Keller et al. 1987). The epidemiology of injury in Scottish
football and in the British game generally remains open to debate and largely based
on pseudo-science. Although the evidence is largely anecdotal, it appears to be a
popularly held opinion, sustained by the press, that the frequency and severity of
injury in soccer is on the increase. Various reasons have been suggested for this
including; the number of matches played, the extremes of our winter climate or
the manner in which the game is played in Britain. Yet the perennial problems of
soccer injuries continue to undermine individual team and national aspirations and

cause untold misery for the unfortunate individuals affected..

Although soccer has been our national sport in Scotland for over 100 years, since
the Scottish Football League was formed in 1890, there has been remarkably little

sports specific research addressing the injury problems relating to the game. The



epidemiology of soccer injuries has been studied by several authors (e.g. Roaas and
Nilsson, 1979; McMaster et al, 1978; Ekstrand, 1982-1983; Albert, 1986;
Nielson, 1989; Engstrom, 1991; and Aglietti, 1994). The incidence they report
ranged from 4 to 7.6 injuries per player per 1,000 hours of play, with the lower

extremities representing between 64% and 93% of all injuries.

This brief summary simply summarises a review of the International literature, but
its application to the British game is seriously flawed. The literature published to
date includes a mixture of player of different ages and levels of competition, n
environments which are often radically different from those in which the British
game is played. There was a clear need to establish a large prospective study of
sports injuries in professional football in Scotland, to provide evidence for further
rational debate on injury prevention and to help focus further research. The

benefits of such a study would clearly filter down to all levels of the game.

Confidentiality and co-operation has traditionally been a major obstacle for anyone
wishing to undertake such a study. As a former professional player, I was in the
fortunate position of being able to appreciate the concerns of individual clubs. I
eventually obtained the support of twenty-seven soccer clubs, each represented by

18 players, who were assured of complete confidentiality. This thesis was planned

to answer several crucial and as yet unanswered questions.
(a) to establish the frequency of soccer injury.

(b) toidentify the mechanism of injury in particular whether contact or

non-contact.

(¢c) to establish the anatomical regions most frequently affected.

(d) to identify any associations between injury and player position, level of

competition or age.



(e) to address the problem of injury recurrence.

(f) to make a broad assessment of the needs for sports related

orthopaedic provision.

It was hoped that if these questions could be answered satisfactorily, then we
would be in a more informed position when discussing possible league
restructuring, which might include; altering match frequency or introducing a

winter break.

Base line information was obtained on all 480 players, who were assessed by club
doctors and physiotherapists. This included retrospective data, relating to any
injuries which were being carried forward from the previous season and a record
was established, of players who had previously required knee surgery. The second
phase of the study, was designed to assess the impact, whether favourable or
otherwise, of the traditional Scottish pre-season period, which lasts between 4-6
weeks before the season formally commences. Players were then assessed on a
weekly basis, prospectively for the whole of Season 1993-1994, to establish the
frequency, actiology and severity of injury and how this might relate to; position,
player age, level of competition and previous injury or surgery. An attempt was
also made to establish whether injuries arose during competitive matches or
training, whether due to contact and to establish if injury recurrence was a

problem. The specific anatomical region affected, was also examined in detail.

In conclusion, the importance of sports injury prevention, cannot be over
emphasised. This study will provide an overview and a unique insight into the

musculoskeletal demands of the professional footballer in Scotland.



CHAPTER 2. REVIEW OF LITERATURE

2.1. History

2.1.1. The Development of British FKootball: Aggression and Injury

Prevention

What is football? Football is a generic term which refers to the whole class of ball
games, central among which is Association Football or Soccer. In fact, Soccer
itself is a corruption of the term Association. The origin of football 1s shrouded in
mythology and it is clearly difficult to extract the historical facts from the folklore
(MacKay and McConnell, 1994a).

Origin

A possible origin of football was described by W B Johnson in 1929 (Dunning,
1994). This involved the pagan fertility rite in which the ball represented the
bringer or giver of life, viz. the sun; (La Soule, is the French for the traditional
game). Although, there indeed appears to have been a heterogeneous origin, the
Haxley Hood game, which survives in Lincolnshire captures graphically the
inherent aggression with which part of the sacrificial beast (the ball) was pursued.
Traditionally the game is kicked off by the Fool's speech;-

'Hoose again hoose, toon again toon,
And if you meet a man knock him doon'.

Clearly this game was a violent and enjoyable sublimatation for expressing conflict

between rival groups (Dunning, 1961).

Evidence for the existence of football in the UK can clearly be traced to the 14th

Century (first recorded reference: 1314); indeed statutes prohibiting football were

frequently issued. Basically such vain games were considered to have no part in



the defence of the realm and, along with similar sports, were described as unthrifty
and 1dle games (Marples, 1954).

Essentially football continued to remain closely entwined with the military structure
although fulfilling different roles to which we shall elude. The Acts of Parliament
of Scotland 1424-1707, (published by HMSO: 1966) clearly finds expression for

King James I's frustration at the youth of the nation who were more interested in
football than military pursuits; in particular archery. The Parliament of Scotland,

at Perth on the 26 May 1424 banned football several days after James I was

crowned at Scone.
ACT 18
"Then, it is decreed that the King forbids that any man play

tootball under the penalty of fourpence to be summonsed
to the lord of the land as often as he is convicted, or to the

sheriff of the land or his ministers if the lords will not
punish such trespassers'. (MacKay and McConnell, 1994b).

This may have been encouraged by the fact the Earl of Buchan with a Scots army

of 7,000, defeated the English at Beauge in 1421, after indulging in a pre battle

football match.
The Football Association

The Football Association (F.A.) emerged in the 1850's as the middle class
expanded with urbanisation and industrialisation (Dunning, 1994) and with the aim
of giving structure to the "public school games cult" and the Scottish Football

Association followed in 1873. It was during this phase that football clearly



diverged into the rival associations of rugby and football. The conflict was clearly
hghlighted on the 1 December 1863 as contentious draft rules were discussed.

With reference to "hacking", the Secretary Elect, EC Morley, said that he

personally did not object too strongly to "hacking" but to retain these rules would

seriously inhibit the development of the game. Those supportive of the rugby

code, suggest that "hacking" was an essential element of pluck and its removal

would "emasculate” football.

First World War

During the 1st World War there was a crusade against football as stated by a
telegram sent to the King by Mr F N Charrington, the East End Temperance
worker in 1914. He said:-

"May it please your Majesty to remember that Lord Roberts recently
said it would be disgraceful if football was continued during the

war. The F.A. have now decided to continue their matches, despite
all protest. Your Majesty has set an example to the Nation in
sending your two noble sons to the Front."

He then continued to question the resulting position of his Majesty, as patron of
the F.A. In response, Lord Standordham, his Majesty's Lord-in-Waiting, writing
from Buckingham Palace on 5 September stated:-

"I gather that the F.A. are in direct communication with the War Office,
and a general desire has been expressed by the Association to assist in

obtaining recruits for the army."



Indeed football stadiums were useful recruiting grounds where pressure could be

brought to bear upon young men demonstrably," Al but not yet in khaki."

By the end of 1914 it was estimated that 500,000 men had been recruited at
football matches. Professional footballers were urged by Mr Punch and others to
enlist, "Join and be in THE FINAL and give them a KICK OFF THE EARTH."
Eventually Charrington finally succeeded in getting professional football officially

banned in Spring 1915 and players were urged to be reconciled on the field of
battle. (Parker, 1987).

Aggression

In contrast, up to mid 1915 the War Office manual continued to stress the
importance of games in the course of prospective officer selection; this course
lasted just one month with final selections bei;lg made on the basis of games of
rugby and soccer, according to the respectability of the violence displayed and the
quickness of reaction generally. This position may have been based on the
traditional respect afforded to strength and sporting prowess by the military, in
particular recruits. Beﬁavioural studies support this approach; the personality
factor test of Cattell (1965), identified physically gifted individuals in terms of
extrovert tendencies such as: dominance, social aggression, leadership, tough

mindedness, low anxiety and high confidence. It is also suggested that a high level
of sporting performances may be associated with a more aggressive personality and

indeed in many games the aggressive value of behaviour is both obvious and

sanctioned by the rules of the game. (MacKay and McConnell, 1994a).

Enthusiasm for sport continued at the Front during World War I, where games
were deemed suitable recreation for the troops (Fig. 1). These games were usually
very physical, for example, Allhusen remembered an inter-battalion match in

Salonika for officers in which two of the opposing sides were carried away on



TROOPS IN SALONIKA




stretchers - The match was eventually halted by the Brigadier who objected.
Despite this, by the end of 1917, soccer became compulsory and was played with

army 1ssue footballs.

There were several memorable episodes where the aggressive demands of football
and warfare seemed to merge. The London Irish, who led the territorial division at
Loos, were watched with astonishment as a football was dribbled over 1,400 yds
and eventually kicked it into the German trenches, crying "goal!”. Not
surprisingly, at the Front they were known as "The Lucky Irish”.

The most famous example of "playing the game" took place on 1 July 1916, the
first day of the Somme. The first sign of the British advance against the German

Front Line, before Montaubon was a football sailing through the air, kicked by
Captain W P Nevill of the 8th East Surreys. The objective was to encourage the
men, and according to the only surviving officer, Second Lieutenant C W Alcock,

there were two balls, on which the following was printed:
"The Great European Cup-Tie Finals. East Surrey v Barbarians.
Kick Off at Zero”

On the other, in large letters was this: "NO REFEREE". A prize was offered for

the first platoon to dribble to the German trenches. Despite tremendous losses, the

press covered the story sensationally. "Glorious East Surreys. A Football Match

with Death in Picardy”, The Evening News announced on 11 July, and the Daily
Mail published the following poem. (Parker, 1987).

On through the hail of slaughter
Will gallant comrades fall,

Where blood is poured like water,



L. ?—.M—. -
L

1 _ -* l
_-._.“l_ﬂu.ﬁ.. Ll.




They drive the trickling ball.
The fear of death before them,

Is but an empty name;
True to the land that bore them,

THE SURREY'S PLAYED THE GAME.
Prevention

In contrast, on Christmas Day, 1914 on the Western Front football games arose
spontaneously between British and German troops. (Canning, 1967). Convivial
greetings were exchanged and rough-and-ready games took place in no-man's land
between the trenches. Those at home suggested that this episode represented more

than a seasonal desire for peace. Essentially through football antagonists were
rendered more conscious of their similarities and less aware of their differences.
Differences promote war; the perception of similarities weakens it. (Ashworth,
1980). This would explain reports that Company commanders responded with

disciplinary severity afterwards.

This historical review offers a clear insight into the frequently debated role of
aggression in football. A common view is that soccer has some cathartic value;
by engaging in aggressive sports we rid ourselves of 'pent up' aggressive emotions,
but such an analysis is both unnecessary and mfsleading.. These behaviours can be
adequately explained in terms of their consequences when viewed in a historical

perspective.  Behavioural analysis directs our attention to the consequences of

behaviour in the sport itself. (Dickinson, 1976).

It can be concluded that aggression in soccer can be manipulated by changing the

contingencies of reinforcement; and only when these reinforcers have been



identified can our behaviour be altered. This insight offers encouragement for
those who feel that contact injuries are not an inherent part of the game and

therefore such soccer injuries can be reduced without radically changing the gamz‘é Z ?

composition or potential appeal.
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2.1.2. The History of Sports Medicine and its Application to Soccer.

Sports Medicine 1s a comprehensive term that includes the treatment and
prevention of sports related injuries, with the prescription (and postscription) of
certain sportive activities for individual athletes and physiological research intended
to maximise athletic performance. In recent years there has been great progress in
the scientific study of exercise and sport as stated by R Johnson, the Editor of
Science and Medicine of Exercise and Sports, in 1960. He also explained that the

entire field of Sports Medicine research remained diffuse and even bewildering.

The Greeks

In essence Sports Medicine has developed sporadically over a peniod of 2,500
years (Ryan A J, 1989). The Greeks, and in particular Hippocrates (460BC to
370BC) and Galan (200BC to 129BC) were doctors and teachers who appreciated
a systematic approach to the body and upheld a close connection between exercise
and medicine. Exercise was regarded as an essential part of health as part of the
concept of hygiene. Specialists who developed a detailed knowledge of the body
and its function were known as gymnastes. Although the potency of this
association appeared to ebb with time, in the 19th Century the concept was
resurrected and medical and physiological research was once again directed to
improve our clinical and scientific understanding of Sports Medicine and the elite

performer.

Hygiene

Plato, a contemporary of Hippocrates, is still remembered for the term "mens sana
incorpere sano"” which defines the Greek ideal of physical and mental health. In
fact at this time physical activity was an integral part of education and both Plato's

Academy and Aristotle's school were located in Gymnasia. The grand panathenaic

festivals were athletic festivals held in Athens. The most important of which was
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Olympia. Success in these events was rewarded with valuable prizes which

allowed athletes to dedicate themselves to their sport. In essence this was the

birth of the professional athlete (MacAulay, 1994).

Interestingly Galan wrote extensively about medicine and gymnastics including a
significant work on health entitled De Sanitate Tuenda. He clearly recognised the
considerable benefits of moderate exercise for both body and intellect. However,
he cautioned against the excess of the professional athlete, "Athletes live a life
quite contrary to the precepts of hygiene, and I regard their mode of living as a
regime far more favourable to illness than to health." Hippocrates had been of a
similar opinion which was in keeping with the concepts of hygiene that moderation
in all things was an essential element of health and its preservation. Many of our
modern conceptions, in fact still bear traces of the Greco-Roman origin. Although
scientific attention was once again turned to understanding the exercising body in
the late 19th Century, the ghosts of Hippocrates and Galan still linger in many
popular ideas and practices. In the 1870s a few physiologists started to address
questions relating to the exercising body and early experiments were focused upon

the heart, circulation, metabolism and the maintenance of performance.

German Experience

It was Germany, with its mtemational reputation in modern experimental science

that became the first home of Sports Medicine as a clearly defined field of study.

As high performance medicine has evolved, and its power of observations have
greatly increased, it has become more prescriptive and ambitious with respect to

restoring the injured body and to increasing the level of performance.
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This trend is evident in F Heiss's brief stages in the history of German Sports
Medicine:

(a) the application of general medical knowledge to the athlete (1912 - 1925);

(b) the acquisition of a systemic understanding of the effects of sport on the human
body (circa 1925-1955)

(c) and finally the development of Sports Medicine into a component of most

medical disciplines from 1965 to date.

The American Team Surgeon

Germany pioneered the speciality of Sports Medicine as early as the 1890s and
1900s; although many athletic teams in the United States already had a team
surgeon. However Sports Medicine did not formally achieve recognition, as a
recognised speciality in the U.S.A., until the American College of Sports Medicine
was formed in 1954. The earliest contribution of the medical profession to Harvard
Athletics, was an attempt to minimise injury and maximise performance. Dr
William Connont, who was appointed in 1879 as the first Team Physician,
developed a treatment area which allowed Harvard Footballers to receive attention
at half-time and encouraged local treatment and massage to enable players to
return to the field refreshed. Prior to this development, players simply sat through
half-time covered with a blanket. Remarkably, the treatment area was called
Hampden, which coincidentally is the name of the Scottish National Football
Stadium. (MacKay, 1995).

Dr Edward Hall Nicols, who was appointed as Team Surgeon in 1904, proved to
be equally innovative and compiled the first record of sports injuries in consecutive
seasons for American University Football; this data covered a period of five years

up to 1909. He subsequently applied this pioneering work to great effect, by
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providing scientific evidence to prove that new football rules had greatly reduced
the number of injuries per man. (MacKay, 1995).  Essentially he carried out a
very similar study to my own but almost ninety years ago. As a tribute to Dr
Nicols' vision I visited Professor Lye Micheli, a former President of the Amencan
College of Sports Medicine, at the Boston Children’s Hospital, and then set out
with a personal mission to visit Hampden.  Harvard's Cambridge campus is
impressive. I sought directions and headed for Soldiersfield, the University
playing field. It is an impressive stadium modelled on a Colissum. There I met
some interested coaches, who appeared to be infected with my enthusiasm and
after referring to the original Harvard Year Books, offered directions. In my
search I found that Harvard's Hampden, like Glasgow's, had been redeveloped, and

a modern area now replaces 1t (see illustration).

A plaque, (see illustration) commemorates Dr Nicols' vision and his basic principles

are still applied. He is remembered as "an ardent advocate of clean sport and a

friend, councillor and inspirer of youth".
Scepticism

Since the introduction of Sports Medicine the goals of the sports physician have
been subject to challenge. In 1867 the London Times reported the contention of a
surgeon F C Skey "that even if they were not immediately apparent, calamities with
overexertion in athletic sports were likely to appear in later life." This reference
was cited by John Edward Morgan (1873) in the course of a critical enquiry into
the after health of men who rowed in the Oxford and Cambridge boat race in the
years 1829-1869, based on the personal experiences of rowers themselves, This
concern about athleticism was extended into Public Schools and Universities and
the Clinical Society took up the discussion, looking into reports of "severe injury
to the heart from overstrain" and "hypertrophy among professional pedestnans.”

Inevitably the attempts to understand the body and improve optimal levels of
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physical activity gave rise to fanciful theonsing and the persistence of "pseudo-

science” (Berryman et al, 1992)

The Harvard Graduates magazine published Carol William Elliott's 1892-1893
Annual Harvard President's Report. It emphasised the importance of American
intercollegiate athletics to the physical health and moral development of young
men, however, he cautioned that the inordinate desire to win and the attendants
evils of commercialism, course publicity, and hysterical excitement could ultimately
result in a blight in all the Colleges. He concluded, that the intensity of excitement
drained the "nervous energy of athletes and the brutality of contests blunted the
sensibilities of players and spectators alike". (This reference was made in
particular to American Football). Several years after this in 1905, a variety of
undisciplined transgressions in a Harvard Yale game, prompted an enquiry from

President Theodore Roosevelt.

Victorian Athlete

Victorious athletes of the ancient panhellenic festivals, were accorded the status of
"heroes" - superior to other men; inferior to gods. In Britain the Victoran athlete
embodied the strength, fortitude, tenacity, courage and something tantamount to
moral rectitude. In summary, the athlete was repeatedly said to possess qualities
that were needed to extend and protect an empire. The athlete represented the
future of the "race". (Girouard, 1981). This theme was evident in Joseph Strutt's
monumental "Sports and pastimes of the people of England,” asserting that the
traditional recreations and sports had been instrumental in making Britain great

(Hone, 1831).
Football

In 1858, The Edinburgh Review found that football matches in Tom Brown's

Schooldays were described in the style of a Homeric battle, with a certain
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combination of zest and solemnity. It continued, for which the only appropriate
word was "agon” - "something between a battle and a sacrifice”. James Mannigan
appropriately concluded that "success and ruthlessness tempered by a certain
amount of courtesy and ethos which held that ;victory must be attained within the

rules”. Esséntially he was describing a rising class of gentlemen amateur.

As Scottish football gradually evolved, the character of the sport and participants

changed as did the input of the sports physician. The initial affection of the Scots
for association football was immediate and permanent. Unlike the English game,
which had its origins within the Public School system, football in Scotland
provided an enjoyable pastime but could well provide the escape route from the
drudgery of heavy industry for those fortunate enough to be gifted footballers.
(Crampsey, 1990).

The Professional Player

At the inception of the Scottish League amateurism was the norm, however as
carly as September 1890 a club named the Adventurers protested against St
Bernards after they had lost a cup tie. They protested on the grounds that the
Edinburgh side were professional, having lured a professional player Ross to
Edinburgh from Dunfermline Athletic and paid him a weekly wage for playing
football, although there was also the bait of a job in a Biscuit Factory. This job
would have paid him less than he had earned in Dunfermline but there would be an
additional payment of 10 shillings per match. Although, the drive to win and
succeed at all costs did evolve gradually within the Scottish game, there was a
surprising reluctance to accept what was potentially on offer from the pooled
wisdom of medical science, Sports Medicine, .and related research. In an ironic

way, this may well be reflected in the relatively low levels of performance

enhancing drug which have been detected within Scottish Football. The club
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trainers, who were often retired players, were traditionally responsible for the

training and preparation of players and their well-being.
Physical Education

This traditional tendency therefore was based broadly on the concepts of physical

education of that time and the, ’pseudoscience which surrounded it". For example
the playing staff of Aberdeen Football Club on October 12, 1938 were issued with
the Pittodry code of honour by the then Manager, David Halliday. This stated:

1. Players will see that they report each morning at 10 am for training
2. There must be no dancing after Tuesday
3. There must be no smoking within 3 hours of any match

4. There must be no smoking during the train trips south to any match
5. Any tendency to "blind eye the instructions of Captain or Trainer will be
a breach of contract to be considered in session by the Aberdeen Club.”

There is little written about the association of Medical Practitioners with Scottish
Football clubs and often the association was based on geography or the support
and enthusiasm of local Practitioners. Mr Bob Crampsey, a respected historian of
the Scottish game pointed out (by personal communication) that some kind of
medical provision would have had to be provided after the National Insurance Act
of 1908 or thereabouts. The first recorded case of medical provision, provided by
a Club, was that of St Mirren in the 1920s whe paid the Nursing Home expenses
for a player who was suffering from acute depression. However until the 1960s
immediate medical treatment tended to be in the hands of basically unskilled
trainers who were almost always former players. Interestingly, Bill Struth a

famous Rangers Manager, got his first connection with football as a Trainer with
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Clyde prior to which he had been a professional runner. The current position
demands that a Doctor is present and in certain situations a crowd Doctor 1s also

required and increasingly Physiotherapists are required to be Chartered.

Modern Sports Medicine

Within the last five years interest in Sports Medicine and Science in Scottish
Football has increased exponentially. This 1s evident by the support of the Club

Doctors and Physiotherapists of the Scottish Football Association for the purpose
of this study. Increasingly clubs are appreciating that team stability and

subsequent success is dependent upon optimal performance and avoidance of

injury.
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2.2 Physiological Demands of the British Game
2.2.1. Motion Characteristics

The application of time and motion analysis to football provide a means of
objectively assessing the individual demand placed upon players participating in
soccer. This is possible using video analysis or real time analysis during play.
This has now been superseded by computers programmed with their own notation

systems for data analysis.

Understandably physiologists are more interested in motion analysis as it relates to
the individual participants and their work profiles. = The overall physiological
assessment can balance both the activity off the ball and when in possession, as
well as the average work to rest ratio. Allowance is made for the varying levels of
competition and player position. The overall objective of such analysis is to
provide an insight into the demands of a competitive match so that training can be
appropriately planned to optimise performance and prevent injury (Reilly and

Thomas 1976).
Distance

Published data for the distance covered by players during matches varies
significantly. In 1974 (Knowles and Brooke, 1974) the mean value for the full
distance covered during games was 4,834 metres. This was using a form of hand
notation for assessment and varies dramatically with a Russian study
(Vinnai, 1973) which reported Russian players covering a distance of
approximately 17 kilometres.  Although the methodologies involved in these
assessments may contribute to the variance, several other important studies are
regarded as being reliable. Reilly and Thomas (1976) studying English League
players and Bangsbo et al (1991/92) from studies of Danish League football, both

reported results which were objective and valid.
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Van Gool (1987) successfully studied University players using a camera mounted
at a height of approximately 57 metres, then using a process of computer analysis
they could assess not only the distance covered but the velocities and accelerations.
It concluded that duning the match players covered 10,225 metres (= SD = 3580
metres). Of this 42.9% was described as low intensity and 42.6% was of medium

intensity and 7.5% high intensity.
Work Rates

Overall analysis suggests that work rate during play demands that a footballer
should be able to run 9 to 12 kilometres, more or less continuously. They should
also have the physiological capabilities for high level intermittent exercise, with a
ratio of low intensity to high intensity of approximately 2.2 to 1 by distance (Reilly
and Thomas, 1976). This study was performed on English professional soccer
players; however, in terms of time, this ratio is about 7:1 (Mayhew and Wenger,
1985). Interestingly, less than 2% of the total distance covered in a game involves
the player holding possession of the ball. Each game calls for 1,000 to 2,000
discrete bouts of action which incorporate rapid changes of direction, acceleration
and deceleration, as well as vertical lift (Reilly and Thomas, 1976, Bangsbo e? a/
1991). At the highest levels of competition in the English Premier Division,
players change activity every five or six seconds and average short rest periods of
approximately three seconds every two minutes. Sprints appear to be relatively
short averaging 15 metres once every 90 seconds (Reilly and Thomas, 1976).
Observations between 1970 and 1990 confirm similar profiles of activity at the
highest professional level, although there appear to be tactical and philosophical
changes in the pattern of play. Reilly and Thomas remain the leading authorities
on motion characteristics in professional soccer in Britain and have reported that
outfield players during a match spend 25% of the game walking, 37% jogging,
20% cruising submaximally, 11% sprinting and 7% moving backwards. It is noted
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that these categones are to some extent artificial and represent a broad continuum

of player motion.
Skills

The element of skill involved the playing activity also contrnibutes to the work rate,
the most demanding being passing and controlling a ball, although heading,
tackling, and dnbbling also play a lesser role. (Reilly and Holmes, 1983).

Teamwork

General aspects in relation to the team affect work rate and motion characteristics.
For example, 5% more distance is covered in the first half as opposed to the
second half in Danish league matches, as reported by Bangsbo ef al, 1991 and
other authors. Reilly in 1990, stated that the energy expenditure of an average
outfield player was equivalent to a 75% V02 max, or the level of energy expected
of a marathon runner. Smaros in 1980, confirmed a strong correlation (R = 0.89;
N = 8) between V(y» max and distance covered in a given match. This is in
keeping with the findings of Bangsbo and Lindquist (1992), who were not only
able to relate Vo> max to the distance covered in a given match, but also to a field

test which now provides a means of independent assessment.
Playing Styles

Styles of play obwviously have an impact upon work-rate. A direct system
encourages rapid end to end play, which demands a high work-rate from all the
team members. However, ball possession and particular dribbling, can increase
the energy cost of running significantly, as a result of a shortening stride pattern.
This additional cost of dribbling was a constant 5.2 kilojoules per minute, (Reilly
~ and Ball, 1984 ) for players tested on a treadmill at various speeds 9, 10.5, 12 and

13.5 kilometres per hour for a five minute period. Cavanagh and Williams in 1982
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confirmed additional energy cost by analysing oxygen consumption during

dribbling activities.  Other activities such as running backwards and sideways

increased energy cost to the individual player (Reilly and Bowen, 1984), but with

practise, the efficiency of these movements could be improved.
Player Position

Workrates are clearly affected by position, for example midfield players cover the
greatest distance, with central defenders cove1:ing the least. Reilly and Thomas
(1976) noted that full backs sprinted less frequently than centre backs, but this
situation may have been reversed because of tactical changes within the game.
Ekblom (1986) assessed Swedish professional players and found that midfield
players covered an average distance of 10.6 kilometres, forward 10.2 kilometres
and defenders 9.6 kilometres in any given match. However the greater distance
covered by the midfield players tended to be at a lower speed, well within their
aerobic capacity (Bangsbo et al, 1991). The number of jumps to head a ball also
varies according to position, the highest frequency was 13.4 + 6.8 for central
defenders, reported by Withers et al (1982) with only 5.2 + 3.1 for midfield
players.  Interestingly, goalkeepers although relatively sedentary, require to
perform intermittent explosive tasks and cover approximately 4 kilometres per

game, which should be reflected in their training practices.

2.2.2. Biomechanics
Kicking
Kicking involves a complicated and co-ordinated sequence of body movements.

The resultant forces and moments of kicking are illustrated diagramatically
(Luthanen, 1988).

Robertson and Metcalf (1968) recorded foot velocities of 18 to 24 metres per

second prior to contact, although this result has varied slightly between authors.
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THE BIOMECHANICS OF KICKING A FOOTBALL
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CSL MICA

The range of directions of the resultant forces and moments of kicking are illustrated in selected phases. CSL, the phase when the first contact
of the support leg occurred; MKA, the phase when the knee angle was in its minimum; CKL, the phase when the contact of kicking with foot
and ball occurred (Luhtanen 198Ra).



The key components of kicking are; the stnméth of hip flexion, the velocity and
torque of the knee and the relative stability of the ankle. In the knee, the velocity
reaches a peak after the hip's peak velocity has been reached; the thigh is almost
stationary at impact, while the leg and foot have reached peak velocity and by
implication zero acceleration. (Huang et al, 1982). Obviously, joint mobility is
an essential component of a controlled kick and it has been found that skilled
players have a greater capacity to relax their antagonist muscles during the swing
phase of kicking, which may represent a training phenomenon. (Bollens et al,
1987). It 1s worth noting at this point that the forces involved with kicking a ball
are considerable and this has to be considered in particular with relation to younger

players with immature skeletons.
Heading

The mechanics of soccer heading involves striking the ball with a forehead; the
arms are then thrown back, the head is tucked to the chin and body segments, the
trunk and hip flexors are activated and at time of contact, the head and neck
function is one unit. The timing of contact and associated jump is obviously a
skill which requires extensive practice to ensure body segment co-ordination. The
biomechanics of the impact relate to ball mass and velocity, as well as the impact
time, which ranges between 13 and 20 milliseconds. The mechanics of heading
have been studied in depth by Lynch (1994) who concluded from video analysis

that heading resulted in an average impact of between 200 and 300 Newtons while

direct measures using a pressure sensor gave a peak of 400 to SO0 N.

The concemns surrounding repetitive heading in soccer goes hand in hand with
those relating to repetitive trauma in other sports, in particular boxing. Dementia

resulting from chronic brain damage, although a defined problem involving 9 to
15% of former professional boxers, is an extremely rare occurrence in professional

football. Concerns relate more directly to repetitive contact especially in juveniles
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with 1mmature neck muscles; however any subtle impairment can be difficult to
assess and neuropsychometric testing remains the gold standard. In 1983 EEGs
were performed on 10 German soccer players and only one had a degree of focal
siowing. The study was then extended in 1989 to involve 69 active Norwegian
players but no correlation was found with the number of years of heading. In
contrast to this in 1991 Tysvaer ef al reawakened concerns of soccer injury to the
brain reporting a degree of intellectual impairment in 80% of former Norwegian
football players. = The most comprehensive study to date was performed by
Hagland and Enksson (1993), who compared groups of Swedish boxers, former
and active soccer players, and track athletes, but found no significant difference on

CT scan, MRI scan, EEGs and psychometric testing.
2.2.3. Player Profile
Basic Physiology

Saltin's (1973) work on glycogen depletion proved a great stimulus for further
research into the physiology of soccer. Muckle (1973) reported improved team

performance in soccer when players supplemented their diets with glucose syrup.

Cardiovascular Fitness

Soccer has previously been defined as an essentially aerobic activity associated
with intermittent explosive episodes of anaerobic activity. Blood lactate
concentrations have ranged from 4 up to 11 moles during and after a game,
although this depends upon the activity just undertaken The cardiovascular fitness
of soccer players is therefore an essential aspect of any structured training
programme. Heart rate during exercise has been used as an indirect measure of
VO3 however this tends to overestimate the VO5 as it does not make allowances

for additional unpredictable activities associated with soccer such as acceleration,
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deceleration, change of direction and jumping., Van Gool (1987), observed the
mean heart rate for central defenders was approximately 155 while for a midfield

player 170 was average. This 1s in keeping with research by Ekblom which
confirmed that the average heart rate during match play is 80 to 90% or 10 to 15
beats per minute lower than individuals maximum heart rate.  This can be
associated with increased core temperatures often higher than 399C and with high
levels of perceived exertion from the players themselves. This activity would be in
keeping with an estimated aerobic level of activity of approximately 75 to 80% of

maximal. Elite players were noted by Bangsbo et al in 1991 to undertake

approximately 7 minutes of high intensity exercise during each match. It is also of
interest that intermittent exercise which characterises football gives rise to a

greater increase in body temperature than continuous exercise.
Anthropometry

The physiological profile of individual players represents the heterogeneity of
individuals involved, however in general the physiological profile will reflect the
training regimes and type of competition as well as the stage of the season. One
of the more extensively studied aspects of the British game has been that of basic
height and weight assessment with studies by Reilly (1979) of the English League
and subsequently by White et al (1988). In White's study the average height was
180.4 + 1.7 cm and the body mass averaged 76.7 £ 1.5 kg. The value of these
assessments appears to be limited when considering the overall racial variation of
players today and the differing levels of skill. Although players traditionally tended
to carry a little more than their ideal weight whén compared with other athletes the
pattern appears to be changing. The one record of a Scottish club was that of
Aberdeen FC in 1974 with an average percentage of body fat of 14.9% which was
considered high. However in White's study in 1988 for a top English team a

preseason body fat percentage of 19.3% was recorded. This is assumed to reflect
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the relative inactivity and excessive food intake of the closed season combined with

the inability of the players to discipline themselves.
Age

Age remains an issue although the consensus opinion 1is that physiological fitness
should be maintained without difficulty into a players third decade before signs of
deterioration appear. Deterioration has a more pronounced effect on anaerobic
activities and fast twitch fibres, although aerobic activities may well be preserved
or even improved. There is a tendency with age to carry an increasing amount of
weight and in footballing terms any additional fat can be regarded as an
unproductive dead-weight. A player who increased his level of activity and
training input may well increase his weight, although when assessed physiologically
his percentage of body fat may well have been reduced and subsequently replaced

by muscle.

The respiratory quotient during a match 1s averaged at 0.88 which would translate

into a ratio of 60% carbohydrate and 40% fat.

Muscle

Muscle physiology has been extensively studied and, as laboratory studies develop,
our appreciation of injury prevention and our understanding of rehabilitation
continues to extend. Experimental studies have confirmed that muscle strains
most often occur during eccentric activation. The location of injury 1s primanly
adjacent to the musculotendinous junction and the viscoelastic characteristics of
muscle clearly demonstrate that fatigued muscles can absorb less energy pnor to
failing than a glycogen replenished muscle. Heat has an inherent effect on the
viscoelastic properties of connective tissues within muscle and cooler
temperatures, therefore predispose muscle to mjury and dimimish performance

(Astrand and Rohdall, 1977). Injuries are more likely if warm-up is incomplete or
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inappropriate (Reilly and Stirling, 1993). Th'e soccer player is associated with
decreased musclc flexibility, in particular affecting the hamstring and hip adductor
muscle group (Ekstrand, 1982). Although the natural history favours recovery,
recurrence is frequent and treatment has to be orientated as much towards

prevention as to recovery (Garrett, 1990).

Muscular strength

Strength training improves both muscular strength and kick performance (Proft et
al, 1988). The balance however between quadriceps and hamstring strength has
been much debated, in particular whether imbalance predisposes to injury in
football (Fowler and Reilly, 1993). The most important use for this ratio is that if a
pre-injury level can be re-established, then it can be used as an endpoint for
rehabilitation. It is interesting to note that Pele showed significant hamstring to
quadriceps imbalance as well as a clear limb preference, with his right leg being
significantly more developed than his left.

Muscle fibre types have been studied in detail by Bangsbo and Mizuno (1988).
The gastrocnemius in Danish professional soccer players after three weeks of
inactivity resulted in a preferential decrease in the diameter of type 2A fibres,
although the decrease was small affecting approximately 7% of the cross sectional
area. The oxidative capacity of the muscle decreased rapidly due to a decreased
capillary blood supply and mitochondrial activity, although the size of the slow
twitch fibres remained unchanged.. The various muscle fibre studies performed
seemed to agree that about 60% of fast twitch fibres predominate in the

quadriceps of soccer players. This sport specific characteristic may well relate to

the mechanics of kicking.
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2.3. Physical Conditioning and Assessment of Performance

2.3.1. Aerobic

The general health benefits of aerobic exercise are now clearly established
(Peterson and Renstrom, 1985) and the recognised benefits include improved
cardiovascular fitness, appropriate weight control and glucose tolerance, as well as

psychological benefits and a possible effect on the ageing process.

The benefit of aerobic activity however 1s enjoyed at a cost. The epidemiology of
soccer injuries illustrates this and explains why a greater understanding of the
actiology of soccer injury is required, through valid analysis, to prevent further
injury. (See Introduction). It is recognised that individuals whose general fitness
is below normal for a specified group are more prone to injury from overuse as

well as acute trauma. (Peterson and Renstrom, 1985).

Aerobic Assessment

It is therefore essential to estimate an individual player's basic cardiovascular status
and establish practical reliable sports specific tests to monitor his fitness. Such
tests offer the opportunity to set achievable goals for the individual player and also
provides a reliable standard for assessment at the beginning of preseason training
or after a period of rehabilitation.  Various practical considerations have to be
remembered in observing such tests, such as the learning component which allows
players to improve at a specific test purely throu gh repetition, rather than improved
fitness. Players should also be in a standard condition before performing these
tests which ideally should be performed at the same time in the day with the

player rested adequately for the 24 hours before assessment.
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Laboratory Studies

The standard laboratory assessment of aerobic capacity and anaerobic threshold
would normally be performed in the laboratory on a treadmill with incremental
running to exhaustion. Heart rate, ventilation, oxygen consumption and blood
lactate production would be measured and aerobic and anaerobic thresholds
detined. In the playing situation heart rate can be taken as a rough estimate of the
level of exertion, whether above or below the anaerobic threshold. The multistage
fitness test is a test designed to assess anaerobic threshold for an individual player

and 1s structured to include 20 metre shuttle runs which are performed at

progressively increasing speeds which are set by an audio-visual tape. As the
speed of the tape increases in an incremental fashion, the point at which the player
has to drop out can be taken as a reliable standard for comparative scoring. This

basic test which is commonly used for professional footballers (see Appendix) has
been modified by Bangsbo (1994) to include interval periods of rest which
correspond more accurately with the game of soccer. Although perhaps more
representative of soccer conditions, this test has not been accepted quite as readily

as the multistage shuttle run (Brewer et al, 1988).

2.3.2. Anaerobic

Brewer and Davis (1992), assessed the physiology of professional footballers in
England. The average sprint over a distance of 15 to 40 metres was the best sports
specific assessment of anaerobic capacity. Sprinting obviously involves a variety
of inputs which relates to motivation and skill as well as anaerobic power.
Sprinting as a reference point for assessing their anaerobic function however,
appears to have so many potential variables such as running surface and starting
positions, that this test is rarely applied. Recognised tests for assessing anaerobic

power currently used by the English FA include isokinetic leg power test which is
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pertormed to measure strength of both hamstrings and quadriceps on both legs.
The players are expected to perform three maximal flexor and extensor tests
through a range of 900 at a speed of 60° per second. A variable which must be

considered in assessing the anaerobic power of a professional footballer is the

difference in leg strength between the dominant and non-dominant leg. Goslin and
Charteis (1979) suggested that leg strength differences should not exceed 10 to
15% and that peak hamstring to quadricep ratios should be within a range of 0.3 to
0.8, although angle specific torques have not been clearly assessed. This is
relevant as professional players are capable of producing greater torque and speeds

than amateur players.

Sprinting can be assessed in a more controlled manner using a modified M Wihﬂ QL
test where the player performs 8 separate sprints each of 6 seconds duration,
between which a 30 second recovery period 1s allowed. The computer is then able
to assess the fatigue index which is a reliable indicator of the individuals ability to

cope with intermittent anaerobic exercise and recover rapidly.

A practical and applied method of assessing professional footballers is detailed in
the Appendix, however the illustration from the IOC Handbook on Football,
provides an algorithm which is well thought through and practical. The more

advanced laboratory testing, would however be restricted to professional athletes.
Heart Rate Monitoring

A functional assessment has been reported by Luhtanen (1994). In a laboratory

aerobic and anaerobic thresholds were defined and these were programmed into a

Polar Sports Tester for players. The players then used these testers for a 2%2

month period involving both training sessions and matches. The heart rate was
then transferred on to a PC and analysed using the Polar analysis software. This
allowed an overall assessment to see whether the demands of training

corresponded to those of the match situation. . From this work it was estimated
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that the maximum heart rate of a Finnish soccer player was over the anaerobic
threshold for 14% of a match and under the aerobic threshold for 30% of a match
approximately.  This correlated well with the high intensity training sessions
during which 21% of the session involved high intensity work above the anaerobic
threshold where the average work rate was similar.  Interestingly, when the

training was directed specifically towards skills, the work rate was approximately
20% less than that recorded for matches. They concluded from this work that the

training sessions as defined in Finland were adequate to maintain a VO max at a

constant for the whole of the season. During the period of study they reported a

small incremental increase in the average anaerobic capacity.

31



APPENDIX

THE F A BUMAN PERFORMANCE DEPT.

ASSESSHMENT OF GORDOWN McX AY

RANGERS F.C.

JANUARY 1989



INDIVIDUAL RESULT S: GURDUN McKAY

. SHUTTLE RUN TEST (ENDURANCE/STAMINA)

Sorden completed all of the shutties on the 13th level, resuiting in 3
maximum oxygen uptake value of 60.6 units af oxygen per minute. This
+alue i3 the best indicator of a players endurance or stamina ( seragrc
Fripess). This value is close to the average valug for the Senior squad, and
comparable with the type of waiues found in professional footbaliars. 111,
therafore, well abowe the type of vaiue which would be 2xpecied in 3n
‘average’ 20-30 year old male. These results indicate that tms aspecrt a7
Gordon’s fitness 13 axcajiant.

2. SPRINT BIKE TEST.

This test 13 t0 measure the piay
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1S cajcuiated ang 2aupressed ag a peroentage
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. LEG POWER TEST - HAMSTRINGS AND QUADRICEPS.
nigyer pertormed two 12215 on 2ach 1eg 10 ag3ess Dower and Muscuiar
ram':e 0T the hamsinngs and quadriceds. bordon's currsent rasuits
indicata that the power and andurance o7 his nght hamsinngs 1s poor, ang
he tharetore requires a 4-6 week perod ot low welgnt g refetition
evercises to improve this. This shouid be undertaken at jeast twice a
WERK.
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4 BODY FAT PERCENTADGE

This test was to calculate the percentage 0f bordon's total weight which
consists of fat. tdeally, Tor a male or his age, this value should be
approximately 15X, Yalues supstantially in excess of 13% indicate that
welight needs .0 be lgst. Gordon's body rat percentage was found to be 9.1 %.
Ths result indicates that Gordon has no current weight propiem since he
1S not carrying large amounts of excess fat, and that his curreni weignt of
1 s1ones 11 pounds (75 kg) is Tine.

2. HAEMOGLOBIN

Haemogiobin is the ‘oxygen carrying’ component of the blood, and for its
rormation is dependant on sutficient iron in the diet. Yalues of around 130
grammes ot haemogiobin per hiire of biood, or below, indicate that there
may be 3 need 1o increase dietary iron intake. Gaeneraily for adult maieg,
¥31es range between (30 and 189 grammes per litre. Gordon's current
“3iue was found to be 157 grammes ner litre, which is a normal value and



within the acceotabla range, showing that his dietary intake of iron is
currently adegquate.

SUMHARY.
Gordon’s results indicate that he has an excellent ‘all-round’ standard of

aerobic and anaerobic ritness for someone 0f his age which is comparabie
with that of fully fit professional feotballers.

Gordon’'s gquadriceps ware round to b2 normal in terms o1 their fooal

muscular endurance and power, but M1 hamstrings wers found 1o oe
Jacking 1n these areas. He should theretore concentrgia an low waiaht high
repetition exercises 1o gevelop this muscie group.

His body fat perceniage and weight are rine wnilsl iz psemogienin
concentration 13 currentiy normal.



2.3.3. Nutrition

Professor Clyde Wilhams (1994), a respected world authority on nutrition
concluded his chapter on diet and sports performance in the Oxford textbook of
Sports Medicine stating "the clear message from over a half century of research
into the links between food, nutrition, and exercise capacity is that, next to natural
talent and appropriate training, a high carbohydrate diet and adequate fluid intake
to avoid dehydration are the two most important elements in the formula for
successful participation in sport”. He qualified this statement by putting it in the

context of a well balanced diet sufficient to meet the athlete's needs.

Carbohydrate

Carbohydrate is an essential energy source for'any player training intensively and
glycogen is stored 1n liver and muscle. It was found that glycogen is essential if
performance was to be maintained throughout the 90 minutes of a game and Saltin
(1973) confirmed that 25% less distance was covered by those who were glycogen
depleted. In terms of running speed, players with low glycogen covered
approximately 50% of the distance walking and 15% at low speed compared to the
control group who walked for 27% of the match and were able to maintain high
intensity effort for 24% of the game. Muckle (1973) studied the relationship
between diet and the goal scoring ability of a professional soccer team following
for a full season. For the first 20 matches the players were given additional
carbohydrate in the form of glucose syrup during the day prior to competition and
30 minutes before play. In the second half -of the season no supplement was
provided. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>