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ABSTRACT

While a considersble amount of resesrch has been canducted on tennis
equipment, the tennis playsr has received littls scientific attention.
As a result, players, coaches, trainers and selectors have had to
farmulate subjective theories concerning the structural and functional

demands and effects of tennis playing.

The present study was conducted in order to present a comprehensive
description and analysis of the morphological and physiological charac—

teristics of professional and amsteur temnis players.

Fifty-six professional (34 male and 22 femals) and 48 amateur (33 male

and 15 female) tennis players were studied during the 1877 South Africsn
Open Tennis Championships. A totel of 208 observations were made on each
subject willing to complete the battery of tests and measurements. These

included a questionnaire, anth) ic, logical, physiological

and biochsmical observations.

Oral questionnaires were used to obtsin personal, tennis and medical
history data, Standardised anthropometric technigues and equipment were
used to measure mass, heights, diamsters, girthe and skinfolds, These
basic anthropometric measurements were then utilizad tu obtain the follow-
ing derived anthropometric messurements: limb end segment lengths;

length, diameter and girth indices; body surface ares and andragynys lean
volume and tissu. indices; absolut: and reiative body fats lsan and 'ideal’

body mass; and the Heath-Carter anthropometric somatotyps.

The physiological observations included the following: maximal serobic
powsr (Astrand-Ryhming nomogram); cycling and tennis playing &fficiencys
energy cost of tennis playing (portable respirometer); sweat-rate (net
body mass change method); ststic end dynamic pulmonary volumes (expiro-
graphl; static flaxibility (flsxometer); snd sye iub concordance/
discordance {(binccular pesp-hole test). The bic. -plcal observations
included pre- and post-match blood gluccss, lactate and slectrolyte
(sodium, chlorids, calcium and magnesium) concentrations. The methods
used were based on the Biochemical Test Combinations from Boehringer
Mannheim,
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The Biomedical Data Packags (BMIP) and the Statistical Package for
Social Seiences (SPSS) were used for the computation of the univariate
statistics and for the correlation, variance, covarisnce, linesr
regression, stepwise regression, stepwise discriminant and factor
analyses. Specially prepared Fortran computer programmes wers utilized

for the somatotyps analyses.

The data obtalned from the orel questionnaires revealed the following:
twenty-seven percent of the professicnal players did not participste in
any form of physical training besides their tennis practice sessions;
sprains of the shoulder and ankle joint are the most common type of tennis
injury; the occurrence of 'tennis elbow' appears to be related to the
level of tennis proficiencys; and a young starting age is nct a pre-

requisite for top tlass tennis performance.

The morphological findings indicate the following: ths professionals
are significantly heavier and large: (BSA] then the ameteurs but height
differences sre small; the professionals tend to have larger bone
diameters and girth measuremuits than the amateurs; a more masculine

physigue {androgyny index) appsars to be an adventage in women's temnis

the professional and amateur players have, on the averags, a body mass
which is between 2 and 3 kilograms heavier than the 'idesl’ body mass
for tennis playings intensive tennis competition and training over a
period of years causes murked bome and muscular hypertrophy in the
dominant upper limb, particularly in the forearms the frequency and
intensity of tennis playing has little effect on absolute fet mess and
local fat deposits; and somatotype analyses indicate that top class
tennis performance, sspecially in femeles, is related to specific forms
of physique.

The physiological findinges revesled the foliowing: the professionals
havs markedly higher sbsclute V0, max values than the amateurs but
relative VDZ max differences are small; tha female playsrs have higher
relstive D, max values than the male pleyers, which may be due partly
to differences in the cardio-respiratory demands of men's and women’s
tennis; the net mechanical efficimncy of cycling, gross absolute energy
cost of singles tennis playing and absolute and relative swest-rate are



very similar among the professional end emateur tennis players; the
relative anergy cost of singles tennis playing (V0,3 Vo, mex) is
considerably lower in the male professional than the mele amateur,
which indicates an inverse relationship betwsen reletive energy cost
and the level of tannis proficisncys stetic and dynamic pulmonary
volumes are considerably larger in the proPessional then in the amateur

player and it would appear that in sive tennis playing hag beneficial
effects on respiratory structure and function; with the exception of
trunk flexien~extension, strenuous competitive tennis playing does not
appear to incresse joint mobility, in fact, the indicstions are that it
reduces joint mobility in the cominant upper limb; the majority of the
professianal players are unilateral and it sppears that unilaterality

is preferable to crossed laterality in tennis players.

The bicchemical observations revealen that tennis playing hes little
effect on blood glucose, lactate snd electralyte concentrations and that
biochemical responses are similar in professional and amateur players
Hypoglycawinla 1s unlikely to vccur in tennis players. The low post-
match lactate levels indicate that aerobic metsholism may be a greatsr

contributor of energy for temnis than is gensrally believed.

Based on the findings of the present study, the follawing recommendations
are made: an snnual medical examination and exarcise stress test for

all competitive and professional tennis playerss professional assistence
and edvice from a spart scisntist on the formulation of a sclentific
tennis training and conditioning programme, with particular emphasis

on strength (power), flexibility and aerobic tratning: and the ingesiion
of & balencad dist by professionals, espscially females, and an

adequate liguid intake during tannis compebition
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Within every competitive tsnnis player there is
the desire §o reach upward, to surpass, to become
better, stronger snd more courageous. It is to
these individuals that this study is dedicated.
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CHAPTER 1

INTRODUCTION

In this chapter the problem of the presant thesis is stated and the

approach lo this problem discussed. Study objectives, hypotheses and

limitations are also cutlined.

: 1.1 STATEMENT OF THE PROBLEN

Tennis is a popular participant and spectator sport, a fact
apparent from statistics throughout the world. It has been estimated
that 1 in every 15 white South Africens plays tennis,while the number
of players in the United States of Americs has more than doubled over
the last decads (Chinn st al., 187/ . Commercial companiss conduct
extensive research into the improvemeni znd development of tennis squip-
ment. This has resultsd in greatly impraved rackets, balls, synthetic
court surfaces, electronic umpiring, computer ranking systems and many
other innovations. Adali and Brannigan (1979), for example, have form-

ulated a cal model to ine the mechanical characteristics

of a tennis racket and its interaction with the player. These workers
believe that this informetion can imprave performance and alsc reduce

shoulder and elbow disorders in tennis players.

In eontrast, the player, who is, after all, the central element of the
game, has received little scientific ettention. Extensive literature
surveys as well as discussions with human biclogists have revealed
that few studies hsve been conducted on temnis players. From the
author's close association with tennis, as beth an international player

and professionsl coach, it has become apparent that players, cosches,

selectors anu administrators have had to formulate their own theories

f concerning tennis training, conditioning and teaching. Thesa theories
are often conflicting sincs they are based mostly on hunches, traditlonal
¥ beliefs, trial and error, and the practices of successful plsyers.

‘ This has led to much confusion, frustration and ignorancs smong those
associsted with the sport. The recant deasth of Karen Krantzke, a

leading professional player, 1s a tragic example of the serdous




consequances of iy rance. Apparently, she participated regularly in
extremely strenuou . -vaining poigrammes ard when she complainad about
feeling 121, was infuiad that this was the usual effect of training

In the present study, two of ~ur male professional subjects were found

to have potentially dangerous conditions of which they were unaware.

One was a diabetic while the cther appesred to have a cardiac abnormality
(heart block).

A study conducted by the author (Copley, 19778) revealed that both male
and female international tennis players ars generally not charecterised
by the excellent physical attributes that one would expect to Find in
world class performers. Of course, one might argue that this finding
indicatas the relativs unimportance of physical fitness for the tennis
player. However, there is little doubt thet at high levals of competition
there 1s a thin dividing line betwsen success and failure. Tanner (1864,
£.14) aptly summerises this when he states:

'In resching the Olympic standerd every little thing counts

and it 1s when two men are equally pushing themselves to

their maximum capacity thet a difference in physical
structure may be decisive’.

The importance of physical fitness to the expert tennis player is obvious
when one considgers the power reguired to dellver a service at over 200
kilomstres per hour, the endurance nesded to complete o match that way
last 5 hours and the mobility necessary to turn, twist, start and stop
the body at near moximal speeds, It seams extremely unlikely that a
pleyer will sttain his/her maximm level of tennis potential without a
high degree of physical fitness.

Owing to ths lack of morphological and physiological studies on expert
tannis piayers, little is known about the structursl and functional
damands and effects of tennis playing. This information is impartant
when one considers the number of regular tennis players, many of whom
begin playing in early chiidhood and continue inta old ege. There eppssr
to be three main ressons fer the lack of scientific studies on expert

tennis players. First, temnis is not an Diympic sport and players have

teen sxcluded from the large and comp T arch studies

during the Olympic gemes (e.g. Kohlraush, {929; Tanner, 1864; Correnti
and Zauli, 1964; De Garsy et al., 1874)., Secondly, the averags pro-
fassional player is committed to tournament play for 47 weeks of tha




year and is, therefore, not readily svailable for scientific study
Thirdly, with their already large financial incomes, there is little
incentive for professional players to participate in scientific projects
almed at optimising their training and conditioning programmes. This
study, therefore, aims to present a comprehensive description and
analysis of the morphological and physiological characteristics of male

and female professional and amateur tennis players.

1.2 APPROACH TO THE PROBLEM

It is recognired that morphological, physiological, biomechanical

and psychological studies of expert sport performers provide valuable
and interesting information concerning the demands of, and Tesponses to,

a particular sport or physical activity. De Garay et al (1974) are of

the opinion that the findings and conclusions of investigations of sport
champions have applications in the fields of human biology, sport medicine
and physical education and may benefit all humanity by providing a greater
understanding of human excellence and diversity. Professionsl tennis
players represent & selest group of individusls whose bislaogical

characteristics are of particular interest to the tennis scientist.

This thesis is divided into 6 chapters: an introduction (Chapter 13;

a survey of related literature (Chapter 2): a detailed description of
the materials and methods used (Chapter 3): a presentation of the dsta
(Chapter 4); a disoussion of the important findings of this and other
related studies {Chapter 5) and finally; the conclusions resched snd the
recommendations made (Chapter 8). The numbering system used in this
thesis is: 1 (Chapter numberl, 1.1, 1.1.1, A, I, a, (1)

It was hoped that this investigstion would provide a greater understand-

ing of the morphology, physlology and biochemistry of the tennis player

and, in o dolng, would stimulate the ideas and efforts of those Y
associated with the sport, find application in the early idemtification

of individuals with tennis potential and finally, provide a better

understanding of the nature of tennls excellence.

1.2+1 Study chjeotives

A number of primery and secondary objsctives are envissged.
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A, Primary objectives

I. Evaluste physique in terms of bedy size, shape, propor-
tions and composition.

II. Assess cardio-~re retory endurance, stetic and dynamic
pulmonary velumes, mechanical effi. ..acy, energy expenditure. swsat-rate
and static flexibility in tennis players.

III. Establish morphological and physiclogical norms far
professional and amateur tennis players.

IV. Assess the morphological and physinlogicsl effects of

intensive tennis playing by a comparison of the data obisined from the
professipnals with those obtained from the amateurs {oross-ssctional

method of analysis).

V. Establish the biochemical responses ta tennis playing
by a comparison of pre-match glucose, lactate and elsctrolyts concentrations
with post-match concentrations among and within each of the four groups.

B. Secondery objectives

I, of physical characteristics which contribute

to proficiency in tennis.

1. Determination of methods for the assessment of 'ideal’
body mass and tissue indices.

III. Assessment of morphological and physiological differences
between male and femsle players.

IV, Obtsining of regression equations for the scocurate

prediction of important morphological and physiological characteristios.

V. Determination of the relationship betwesn tennis
proficiency, handedress, eye dominance and eye-limb cencordance/dis-

cordance.,
VI. Gathering of general information, such as the degree of

tennis ectivity, incidence of injury, occupstions, training progremmes
and lsisure asctivities among professional and amateur tennis players.




1.2.2 Hypothesss

A number of warking hypotheses were formulated prior to the
soilection and analysis of data. It Was postulated that:

A, Significant differences in the somatotype and body composition

of professional and ameteur players would ba found.

B. Body composition, particularly the bone, muscle and fat prop-
ortions of the dominant uprer iimb, would be significantly influenced
by intensive participation in tennis.

£. Thers would be significant differences between profsssionals
and amateurs in respact of most of the physiological sharacteristics,
espacially cardio-respiratory sndurence (V0, mex), meshanical efficiency,
sweat-rate, pulmanary power (FEY,) and mobility or flexibility of joints.

D. tang-term tennis training and competiticn would have & marked
influenca on the mechanical efficlency and energy cost of playing,
pulmonacy function and joint mobility.

E. Strenuous, competitive tennis playing of long duration would
have & marked influense on blood glucose, lectate snd electrolyte

concantrations.

1.3 LIMITATIONS OF THE STUDY

Although every effort wss made to minimise the factors which could
have Teduced the validity of the present study, the following points are
vorthy of mentian:

1.3.1 In the assessment of ths morphological and physiclogical responses
to ternis playing, use was made of the crozs-sectional method of analysis.
fhe dissdvantage of this procedure was that it could not be established
+hether the observed morphological and physiological differences between
the professionals end emateurs were the result of constitutional dis-
similaritigs or the effects of tennis playing and training. Ideally,

& longitudinel study would be preferable te a cross-sactional study for
the assecsment of the structural and functional effects of intensive
tennis pleylng. In practice, however, such an approach wauld be hampered
by a number of problems. Besiges the main difficulty of follow-through




of the initial group of subjects for many years of training, one would
also have had to recognise and select subjects with natural tennis
potential and sbility. Astrand and Rodahl (1870) are of the opinion
that no method of investigation 1s presently available thst can separate
the influence of constitutional factars from the affects of physieal
training.

1.3.2 Although the totsl number of subjects in each of the 4 groups was
adequate for the purpose of reliable statistical analysis and interpret-
ation, not ell she subjects wers willing to complete the comprehensive
battery of tests and measurements. Consaquently, for certain variables
such as energy expenditure, sweat-rate and biochemical concentrations.
the number of cbservations was small, particularly in the two female
groups. It would have been prefersble to have had larger samples for

‘these variables.

1.3.3 The sophisticated dispsrsion index wes utilized for the description
and enalysis of the somstotype data. This study would probably have
benefited from the incorporation of the new tri-dimensianal technique.
Unfortunately this new technigue does not appear to hsve been published
in any international journals and,as a result, came to the auther’s
attention only st a recent onal mpasium, ass, it

will be applies to the somatutype data later.

1.3.4 In tha assessment of cardio-respiratory endurance :002 max} and
body compositicn. use was made of recognised indirect methods. The use
of the more accurate direct methods would heve heen preferable since

the establishment of norms for tennis players was envisagsd. However,
thess direct methods could nat be used in the pressnt study for two
reasons. First, the players were not willing to be subjected to strenucus
workloads and underwater weighing during a tournament and, secondly, the
use of a treadmill and underwatsr weighing tank was impracticahle in

this field study.

1.3.5 In the assessment of upper enc lower limb tissue asymmetry, it

was assumed that the limb and segment lengths on the left side were equal
to those measured on the right side. Preferably, the meesurements should
have been taken on both sides of the body. However, in ths prasent




study this was not done because the time aveilable for anthropometric
measurements was limited and, furthermore, it was felt that the
assumption {equal right and left limb lengths) would have little sffect

on the ascuracy of prediction.
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CHAPTER 2

SURVEY OF THE LITERATURE

2.1 INTRODUCTION

In this chapter, relevant methods, techniques, conoepts end
research findings are briefly sumarised. Justification for the choice
of methods utilized in the present investigation is given, Besides the
use of inter-library loans and a personal book and reprint collection,
the following institutions made it possible to conduct a very extensive
literature survey for the present investigation: the Anatomy Dapartment
reprint collection at the Witwatersrand University which has over 22 000
references; the journal collsction of the Physical Education Department
at Rhodas University which contains a wide variety of journalss the
persanal reprint collection of Professor P,). Smit of the University of
Pretoria which contains over 2 000 items; the extensive reprint collection
of the Human Sclences Laboratory at tha South African Chamber of Miness
and the Witwstersrand University Medline system, a computerised on-line
medicel literature analysis and retrieval system which is maintained by
the Netional Library of Medicine in the U.S.A. and contains references
to epproximately half-a-million articles in 3 000 biomedical journals.

2.2 TENNIS

2.2.1 Origin and development

A, Early history
The sport of tennis originsted in 1230 when a game known as
*Jeu de Pauma' wae played in France. The game was played by svtriking a
cloth ball with the palm of the hand. Later z glove and then a racket
was used. The early 'racket’ was a solid wooden construction, actually
@ bet, It was only in the 16th century that strings were incorporated.

Ironically, the term tennis originated as a result of & misinterpretation
by English touriats who came into contact with ‘Jsu de Paume' in the 14th
eentury. The French players rapestedly used the term ’tenez' and the
tourists assumed this to be the name of the geme. The term 'tenez’
aptually means ‘hold' or 'ready' apd was wsed by the Frenchmen to

signify the start of a game or rally (Robertson and Kramer, 1974).
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In the 1Bth century tennis became known as the ‘game of kings' bscauss
of 4ts great populerity smang the royalty in France, Englend and other
European countries. Since most courts were indoors, tennis was a game

that was restricted to all byl the very wealthy.

Ouring the French Revolution a tennis court at Versailles achieved immortal
historical fame when on 20th June 1789 it
tennis-court ocath, taken by the Third Estate, who vowed not to disband

ame the scene of the famous

until France hed a constitution,

The modern games of sjuash, badminton and table tennis sl11 originated from
the ancient game of *Jeu de Paume' {Robertson and Kramer, 1974).

B. Lawn tennis

Major Walter Wingfisld was the founder of lewn tennis. In 1874
he took out a patent for his game called 'Spharistike’, the Graek word for
*ball gams'. This name was probably used because it was sssumed that all
gentlemsn were acqueinted with the classics. It was later replaced by
the term 'lawn tennis'. As the name indicates, lawn tennis was played on
& grass surface. The question 1s often raised as to why lawr tennis
originatsd only towards the end of the 19th century. The reason for this
ie that only in the 18th century did man learn to make a rubber ball that
would bounce on grass. The earlier balls, made of tightly woven cloth,

could bs used on stons, concrete and wooden surfaces but wers qui:

less on grass (Robertson and Kramer, 1974).

Lawn tennis soon became very popular and began to replace croquet as a
summer pastime, There were no standardised rules concerning the game,
with the result thst court dimensions, equipment and even scoring systems
differed considsrably from one place to enother. Fortunately, the rules
of the game were formally standardisad in 1884 by the United States Lawn

Tennis Asscciation,

In 1877 the first Wimbledan championships were crganised by the All England
Croquet and Lewn Tennis Club and held &t Wimbledon in England. Today

this is the only major championship still played on grass (Robertson and
Kremer, 1874), Even today many national tennis organisetions still
incorporate the traditional term 'lawn tennis’ in their official titles

even though few grass courts are in use.
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C. Professionalism and modern day tennis
With the incressing popularity of tennis both as & participant
#inancial potential

and spactator sport it was not surprising that t
of the game was recognised by a few astute businessmen. Although there
is avidence that tennis players in France and England were paid for
thelr services as early as the 16th century, professional tennis
officially began in 1826. An American industrialist,Mr C.C. Pyle,wha
was appropriately nicknamed Mr ‘Cash and Carry' saw the possibilities of
2 nationwide professional tennis tour and signed up the Febulous Suzanne
Lenglen for a series of cdemonstretion matches in 1928. Contrary to
populer expactations, tne tour proved extremely successful, for it not
only satisfied the pubiic who were hungry for entertainment, but also
substantially increasad the bank balances of Pyle and Lenglen.

As could be expected, this sucoess led bo many similar demonstrstion
tours involving tennis players such as Richards, Tilden, Vines, Crockst

and Budge. During the years 1926 to 1968 a great many professianal

tours were staged in all parks of the world. The custom was far a
promoter to sign a contract with an smateur, whereby a set figure or a
portion of the gate monsy for the tour wes guaranteed. The demonstration
matches, which wers gensrally played indoors, had little impact on the
sporting scene even though the professionals were tha bsst players in the
game. Tfraditional amoveur fixtures such as Wimbledon, Forest Hills

and the Dsvis Cup continued to carry the most prestige. Amateur and
professional players ware strictly segregated (Robertson and Kremer, 1874).

The Internaiional Lawn Tennis Federstion (I L T F), the conktrolling
tennis body, was totally opposed to profess’onal tennis since it can-
eidered that one of its most fundamental objectives was to meintain the
principle of amateurism. The Federatior belisved that it was wrong for
anyone to meke a living from tennis. All players who received money
were regardsd as non-emateurs and were bananed from playing in I L T F
national and intsrnational

tournaments which comprised nearly all tl
competitions. The amateur was regerded as a ’gentleman’ while the pro-
fessionel was regarded as an ‘artisan’ (Robsrtsan and Kramer, 1874).

The professional players and a number of national tennis organisations,
notably the British, American and Austrslian bodies, ware strongly
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opposed to the 'outdated' approach of the I L T F. In 1968 matters
reached a crisis point when the British Lawn Tennis Association defied
the T L TF and staged the first ‘epen’ tournament at Bournemouth in
England. The tournsnent was won by the professional, Ken Rosewall. This
action marked the start of a 4-year struggle between the smateur and
professional bodies. A number of profsssional tennis orgenisations were
established, notably the Warld Champlonship of Tennis (W € T), the
Association of Tennis ProFessionsls (A T P), World Team Jennis (W T T)
and the Virginia Slims organisation for femsle professional players,
After nearly 4 years of heated discussions and erguments, the I L T F
accepted 'open’ tennis in 1872 end contract professionals were allowed
to play in I L T F tournaments {Robertsan and Kramer, 1874).

Taday, only social tennis can be termed amateur since compstitive tennis,
aven at the lowest ciub levels, usually carries financial reward for the
winner(s). While the successful tennis player of yesteryear had an
inpressive collection of trophies and an unimpressive bank balance, the
position is exactly the opposite for the modern player. Trophies are
sither being replaced completely by prize money or presented with prize
wonsy as a ‘traditional extral.

Since its birth nearly 750 yesrs aga, the game of tennis has undergane
many changes, and has become one of the most popular participation snd
highly paid professional sports, The facte that it is an all-ssasonal
international sport involving both sexes, that it is healthy and safe

and can be played throughout the averege person’s lifetime, have probably
contributed substentially to its popularity (Coplay, 1979al.

2,2.2 Researsh studies

Aa statsd in the previous chapter, faw studies have been concucted
on tennis piayers, particularly expert performers. A brisf review of the
relevant litersture is prasented.

A.  Anthropometric and physiological studies
Buskirk et al (1956) studied the forearm buns and muscle

development of 7 nationally renked tennis players. Although no bone
hypertrophy wes svident, the lengtha of the ulna and radius were signif-
icantly greater in the dominant forearm, indiceting an alterad response
in the osseous response apparatus.
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In 1872, a team of medical doctors conducted a study on 84 expert tennis
playsrs, The results of this study were reported in 4 separate papers
Chinn et al (1874) found a significent reduction in the joint mobility

of the pleying upper extremity as compared dith the non-playing extremdty.
Priest gt al (1974) reported that 37 percent of t
to hava had major slbow symptoms rslsted to playing. Jones gt ai (1877)

players were found

found pronounced hypertraphy (cortical thickening) in the playing arm.
Priest et al (1877) reported marked muscle hypertrophy in the dominant
upper limb, especially in the foreamm.

An earlier study by the author (Copley, 1876a) revealed that international
provincial and club tennis players differsd little in body size but that the
intarnaticnal players wers significantly superior in respact of general
motor ability, as determined by static grip strength, 'leg’ pawer,

dynamic flexibility and gross muscular co-ordination

Slater-Hammel (1849) reported thst of the 9 major muscle groups actively
involved in the exscution of the forehand drive in tennis, the pactoralis
major, enterior deltoid and biceps brachii made the greatest contribution
to the acceleration of the driving am

In a study by Landiss (1855), it wss found that college tennis playing

{3 hours per week for 3 months) did not promote motor ability or physical
fitness beyond the levels initially attained. A seven-week conditioning
programme conducted on 22 intercollsgiate tennis players resulted in a
significant improvement of cardiovascular efficiency as assessed by the
Skubic-Hodgkins test (Dobie, 1889}, Dlivier and Smit (1870) found

that male university tennis players achieved a significantly higher
maximal oxygen uptake than s controcl group of non-players.

B. Psychological studies

Kane and Callagham (1965) found that proficient female tennis
players wers emotionally more stable and more self-confident with a
grester frustration tolerance than playsrs of lesser proficirncy.
Champion tennis pleyers rated peak physical condition and concentration
most important from a given list of 47 factors (Jones, 1968). Krahenbuhl
{1971) reported that the psychic stresses of tennis competition contri-
buted significantly to the overall stress associated with compatitive
playing.



C. Biomechasnical studies

8y means of cinematography and o computer digitizer, Ariel
(18773 founs that a tennis ball is in contact with the racket strings
for only 4 millissconds. Since hunan reaction time is shout 920 milli-
seconds the ball will leave the racket before it even givea, Arial
(1877) has found that striking a tennis ball results in a jolt to the
albaw joint which is 100 times greater than the force it has to withstand
auring throwing. Glencross and Cibich {1877) have calculated that when
~ tennis ball is served at 150 metres per second, the recel:
milliseconds in which to decide what to da.

has only

D, Tennis skill studies

surement of athletic skill in which both

time and space can be accurately metered,tennis skill is genarally assessed

Coritrary to the

sy comparing a player’s wins and losses with those of contemporsry pleysrs
(Capley, 1875d). Today, computer ranking eystems based an tournement wins

and losees ore commonly used to rank professional playsrs

Although s number of studiss aimed at assessing tennis skill have besn
nonducted (Cobane, 1962; Krsiger, 19625 Hewiti, 1867; Cotten and Nixon,
1988}, the only test that has been universally accepted is that of Oyer
11935}, which amsesses general tennis ability.

Tennis abllity or skill 4s a highly complex concept invelving numerous
physical, msntal, emotional and sucial factors. The factors comprising
tennis ability can generally be clessified into two main categories,

physical and non-physical. Wheress most of the physical components can

e nbjectivel , the physical cannot. Tests which
avaluste aspacts such as anticipation end perception as they relate to
tennis, have yat to bs formulated. Expect tennis players generally
scquire either predominantly physical or otherwise predominantly non-
physical charackeristivs. Ultimately, however, a player's tennis skill

is dstermined by the degree to which all the factors constituting tennis
ability are devaloped {Cepley, {97Ba).

SURVEYING

Surveying is @ Fformof non-laboratory research which involves the
collsction of data by mears of sither an oral or written guestionnaire.



2.3.1 Written questionnaire

The written or mailed questionnaire, which is the investigative
tool of the broad survey, is commanly used to pbtain responses and reactions
from a large number of individials. It has many inherent drawbacks and
should be used only when the r usssary information cannot be reasonably
obtained in any other way, Since this type of questionnas.s is,in fact,
the research instrument, it is essemtial that its construction, centent
and appearance receive vary careful preparation and pianning. A question-
naire malled to a random selection of the population will very rarely

yleld even a 50 percent return (Ciarke and Clarke, 1870),

2.3.2 Oral questionnaire

The oral questionnaire or personal interview is s far better method
of obtaining information than the written questionnaire. The acvantages
of the persanal interview are that it ensures a greater return, confidential
information can be obtained, interpretation of the meaning of uestions is
possible, judgemsnt of the adequacy of replies can be macs and rappart
with the respondent can be established {Clarke and Clarke, 1970). This
method of surveying was employed in the present study to obtain guantitative
dita which included a number of attributes and variables.

The attributes were: sex, race, nationaiity, handednese, occupetion,
leisure activities, tennis representation. injuries incurred and physical
training. It was felt that these attributes would not only be of academi,
interest but alse would provide additional information sbout factors which,
besides tennis participation, could possibly have a profound influence on
the structure and function of the body.

The verisbles included the following: age, total number of years played,
number of hours played per week and the number of weeks played par year.
These data were utilized to determine starting age and to quantify the
degree of tennis activity, both in temms of the total numbsr of hours played
and the total amount of energy expended.

2.4 ANTHROPOMETRY
2.4.1 Imtroduction

Anthropometry is a branch of anthropology that is concerned with

the systematisad messurement and quantificatien ~f the dimersions of the

T
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human body. TIts origin can be tracsd nack to the ancient Gresks and
Egyptians (Seaver, 18093. Accorcing to Hrdlicka (1939}, the major contri-
butions to anthropemecry have been made by physical anthropologists during
ths ast two centuries with lesser contributions coming from artists,
anatomists, evolutionists and physical educators. In spits of & number

of attempts to standardise the scisnce of anthropometry, there is still

an obvious lack of uniformity among anthropometrists, Detailed des—
cripticns of methods and technigues are essentisl in anthropometric
investigations, particularly if objective comparisons are envisaged
{Si11s, 1860),

A comparison of the results of anttropometric studies on Olympic sthletes
conducted by Tanner (1384) and by Correnti and Zauli (1964), indicates

the sxtent to which deta obtained in two very similar studies can differ.
Acaording to Wertemweiler st al (1974), this was due ditectly to the
differant measuring technigues utilized by the investigators.

Anthropometry may be conveniently subdivided intc somatometry, osteometry,
creniometry and udontometry {De Villiers and Tobias, 1874). Anthroposcopy
refers ta the visusl observation and descripiion of physical traits that
do not sasily lend themselves to exact measursment [(skin and eye colour,
hair texture ete.). Such ubservations are frequently added to snthropa-
metric Sstudies (Montagu, 1860).

The terms dynamic anthropometry and physiclogical anthropametry have fre-
quently been utilizsd to describe str unction reiati hi in

man. Recently, a new interdisciplinary scientific technology, referred
to as Kinanthropometry, bas smerged. The term is derived from the 3reek

kin or kines meaning motioh or movement, anthropos conhoting man in the

generic sense and metry or messurement (Russ, 19781, Kinanthropometry
is defined by Ross st al (1978, p.1) as:
'the application of measurement to the study of human size,

shaps, proportion, composition, maturstion and grass
funetian’.

Although en infinite number of messurements can be taken on the humen
bedy, anthropometric measurements may be classified inta thres main
sategories, namely, measures of lineardty, girth and fat [Sills, 1960).
Single anthropometric measurements such es stature, mass, bone diameters

and limb girthe sre indicative of size. When two measurements are
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considered togetlier, an index or retic is obtained that provides useful
information about proportion. Since indices or ratios are relative
measures, they can be utilized to compare subjechts of diZferent size,

age and sex. From a series of anthropomstric measurements e somatotype
rating. which is indicative of overall bodv shape or form, can be obtained.
Skinfold measurements can be used o s3sess body composition in terms of
adipose, muscle and bone tissue. Anthropometry cen thus be used to
study and analyse the size, shape (form), propertion and composition of
the human body. Although its application is very broad, anthropometry
1s useful particularly to the blo-enginser, anatomist, occupa.ional
therapist, artist, sculptor, criminclogist, nutritionist, palaepanthropo-
logist, physical sducator, exercise physiologist, sports coach,
physician, paediatrician, growth specialigt, sndoerinologist and the
destijner of clothing, uniforms, etc.

Ross and Wilson (1974] have developed a ’ph
tionslity assessment. The 'phantom’ is base. :: the concept of a

* stratagem for propor-

theorstical reference humen. Tt is a conceptual unisex (male/female)
ilaterally symmetricsl model that is derived from reference male and
femals data. The 'phentom’ has o or 100 designated lengths, breadths,
givths and skinfold reference values. The applicetion of the ‘phantom

@s a propartionality stratagem involves dimensionally adjusting each
snthropometric item to ‘phantom' size and then, exprassing the difference
from the phattom reference values in z-scores. The z-scores ttus abtained
can ba utilized to analyse propurtional differences within s subject,
between sshjects, between a subject and a prototype, bstwesn protatypes,
or batwsen the same subject measured on different accasions. The
phantom' cen also be used for the estimstion of fractionated fst, skeletal
miscle and residual masses (personal communication with Professor W.D.

Roas},

2.4.2 Basic anthropometric measurements

A. Body mass

Day to day mass changes in adults appear to be caused by

differences in energy expenditure snd food and lguid intake. Fluc-
tuations in mass are probably greatest during active growth and, according
to Edholm et al (1874), these fluctuations in children ap;sar to bs the

result of variation in water retention.
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Since mass and stature are highly correlated, it is obtivious that mass
comparisons necessitate adjustments for stature. In comparing the masses
of Olympic athletes at a standardised stature of 173 centimetres,

Khosla (1878) found that sprinters were 10,0 kilograms heavier than
distance runners. In a study conducted by Malina (1872, it wes found
that American football playera in 15870 were 16,05 kilograms heavier than
players in 1900, This represents a saculer increase in body mass of 2,28

Kilograms per decade.

Body mass is Lncluded in most anthropametric investigations and should
preferably be taken with a beam typs weighing scale. Although nude mass
is recommended, this is often not possible, In such cases it is advisable
either to make a correction for the garments or to determine the mass with
the subjsct minimally clothed. Body mass was determined in the present
study to obtain information about somatotype (reciprocal ponderal index),
body composition (tissue indices) and body surface arsa of tennis players.

B. Staturs

Stature provides useful informstion concerning physical growth
and gdevelepment (Stewart, 1843}, Aceording to Bowles (1832), growth and
develuyment are influenced by a number of environmental factors such as
geographical location (climatological, altitudinal etc.), local setting
(urban, rural), imnediate surroundings (social, home, occupation) and
physical conditions (nutrition, esercise, medical aid, slssp, etc.).

Todd {1935, p.259) succinctly summarises the impurtance of the environment
when he states:

'The adult form of mankind is the outcome of growth enhanced,
dwarfed, or mutilated by the adventures of life'.

In a study of Kalahari Sen (Bushmen], Tobiss (19621 showed that improved
nutrition is accompanied by an increase in the meen stature and that it
leads alsc to en increase in the degree of sexual dimorphismy A secular
ingresse in stature of 0,94 centimetres per dacade was found by Malina
(1872} in & study of American football players over a Seventy-ysar span
(1808 - 1$70). Apparently this trend corresponds with the upper limit of

QSEXUEI dimorphism refers te the difference of the mean values between
the sexes in relation to a particular variable (Tobias, 1872).
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the data ohtained from Western Eurcpean countr_.s e.d is graster than
that reported for American adults in both the cr.iege and the gereral pop-
ulation (Malima, 1872).

In some sports stature eppears to be related to proficiency. In & study
by Alexander (1876) stature was found tp be significantly related to
proficiency in basketball, as assessed by the number of points scorad.

In tennds the taller playsr has an advantage when serving and smashing
because of the greater angle st which the ball can be delivered over the
net, If all other factors are heid constant, the tsller player is less
likely to make a mistake and can therefore safely impart greater force to the
ball than the shorter player (Copley, 1977d). According ta Knosla (1978}

tallness alsc appears to confer an advantage in most running events.

As with bedy mass, the dstsrmination of stature is included in the large
majority of anthropometric studies. It is usually measured with an
anthropometer or stadiometsr. Stature was included in the present study
to assess body surface area, somatotype(reciprocal ponderal index) and

limb and segment proportions or ratics.

C. Linear messurements

Standing and sit.ing heights and diameters are olassified as
linear measuremsnts in enthropometry. The larger heights and dismeters
are usually measured with an anthropometer, while the smaller diameters
are measured with a flat sliding caliper. Linear measurements are not anly
a good gauge af ganeral development but alsc provide the basis for meny

waeful indices,

In addition to the measurement of stature, the acromiale, radiale, stylion,
dactylion, trochantsrion and tibiale heights wers also determined im this
study to obtain limb and segment langths and ratios and tissue indices.

The diameters tsken comprised ths biacromial, bitrochanterie, bicristal,

A-P chest, bi-epicondylar (humerus), bicondylar (femur),and wrist and ankle.
These wers utilized to cbtain varicus diemeter indices, to assess
mesculinity (androgyny index) and to determine mesomarphy and the cros.

sectional bone area of the upper and lower extremities.

Included in this study was a linear measurement of interpupillary distance
{breadth) not commonly used in anthropometric studies. It was measured
from the centre of the one pupil to the cemtre of the other, Bannister
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and Blackburn (1931} bhave postulated that the wider the interpupillary
distancs, the better will be the depth percepticn and conseguent ability
to judge relative distances of objects, Interpupillary distance was
therefore included to sssess its possible relationship with proficiency in

tennis.

0. Girth messurements

Girth or circumferential measurements of the neck, chest,
waist, thigh, calf, erm, and forearm are commonly recorded. These measure-
ments are sasiiy and repidly determined and variations in these values

reflect changs: that mey ocour as a result of growth, training or inact-

ivity, Use of a stesl p 1ic taps is r bacause other
tapes are subjest to error caused by shrinkage or stretching (Sills, 1960,

The girth measurements

scted for this study wers contracted amd un-
contracted erm, forsarm, thigh, calf and chest girths. They were utilized
to determine girth end tissue ingices and the Heath-Carter snthropometric

mesomorphic Tating.

E. Fat messurements

Fat measurements are taken by measuring the thickness of a
fold of skin with a sxinfold caliper. The skinfold, which comprises a
double layer of skin and subcutansous tissue, can be measured at various
sites on the body. The triceps, forearm, supra-iliac, subscapular, thigh
and leg sites are commonly used. Skinfold measurements can be ussd to
pradict body fat, to provide information aboul regional fat distribution
and even to assess tre effectiveness of a physical training programme
and the level of physicel fitness (Bayer et al., 1872).

In the pressnt study the triceps, biceps, subscapulas, supra-iliac and
calf skinfolds were measured with a Harpenden skinfold caliper to sssess
body fat (relative and absolute), tissue indices and the Heath-Carter

sndomorphic and c P

Although it is generally recommended that a skinfold measursment

be taken with skinfold calipers heving a constant jew pressure of 10
grams per square millimetre (Harpenden, Lange stc.), other instruments
have been successfully used, Thornton {1974) found that skinfolds
measured with a simple sliding caliper produced values that correlated




25

highly with measuraments taken with a Lange skinfold caliper. A very
high correlation coefficienct of 0,98 was found bstween skinfolds measired
with a Harpenden skinfold callper and measurements taken with an ordinary
bicycle trouser clip, the distance of which wes Tead off on a Tuler

(Smit, 1879},

2.4.3 Darivad morphological measuremsnts

A. Staturs-mass indicss

Stature and body mass are frequently used to obtain the so-called
height-weight or more correctly, the stature-mass index or ratio, Thers
are, in fact,a number of staturs-muss indices (Khosla, 18783: the pondsral
index which is the cube root of mass divided by stature, the reciprocal
ponderal index which is stature divided by the cube root of mass, the
Quetélet index which is mess divided by stature, the Kaup index which is

. stature divided by mass (Eiben, 1872) and the bulk index which is mass
divided by s*ature squared.

Although the stature-mass index can be utilized to obtain the ectomorphic
component of the somatotype (Sheldon et al., 1840: Hooton, 1851, Parnell,
1954; Heath and Carter, 1367}, it cannot, without additional information,
be sstisfactorily utilized ta assess physique as & whols. If physique
were clsesified solely by meens of any of the stature-msss retios, it is
possible that two individusls having the same stature and same mass would
receive identlcal ratings, although one individual may be obess snd the
other muscular. Hirata (1978) asppears to be one of tha fow investigetors,
if not the only nne, who is of the opinion that the ponderzl index pro-

vides the most suitabls indication of physigue.

In the present study the reciprocal ponderal index was used te obtaln

the Heath-Cart .

B. ‘'Ideal’ body mass
d helght-weight [sta ) tables are commonly used
in industry to facilitate the selsction of individuals for appropriate
occupations, and by life insurence companiss where mess is related to life

expectancy {Wyndham Bt al., 1870). Stature-mass tables have been used
also to ddentify melnulrition in children (Vitayaraghavan and Gowrinathsastry

1876). Since these tables do not consider body composition, they cannot
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be used to reliably predict an individual's 'ideal’ or 'correct’ body
mass. Varistions of as much as 10 kilograms have besn found within ene
of the categories in these tables (Allsen, 1978).

A number of alternative methods can be used to predict optimsl body mass.
Montoye (1870) has developad 8 method based on measures of stature,
biacromial and bi-iliac diameters. The Tipton-Tcoheng pradiction equation
is based on a series of anthrrpometric measurements and has been found

to be particularly useful for pradicting the 'ideal’ body mass of wrestlers
(Landwer et_al., 1975).

corbin gt al (1878) have developed tables for determining desirvable body
mass in men and women, They sre based on fat-free budy mess plus 16 per-
cent fat for males and 20 percent fat for females. Thes~ tebles, howsver,
cen be usefully applied unly to sedentary subjects since the salscted
relstive fat values are based on values obtained from sedentary subjects.

Densitometry can also be utilized to predict optimsl body mass. Unfortu-
nately this method requires.specisl equipment and is not suited to fisld
studies. In a study by Wickkiser and Kelly ((875), it was found that when
foutball players and coaches predicted optimum body mass from personal
expsrience, they consistently overestimated mess compared to predictions
based on densitometric analyses

The method used in this study to predict the 'ideal' body mess of tennis
players was devised by the author. This anthropomstric method, which is
described in detail in the following chapter, involved the prediction of
lean budy mass from skinfolds and the selection of an 'idesl’ percentage
body fat™ for male and femsls tennis players. The 'idesl' body mass was
obtained by adding the 'ideal' fat mass to the lean hody mess. This methad
is versatile and practical and is well suited to fisld studies on spori
participants.

C. Limb and segment lengths
Although it is possible to measure directly limb and segment
lengths with an anthropometer, the commonly used procedure is ta measurs

ﬁrTh:'ls selection was 8,5% for the males and 17,5% for the females and was
based on & previous study conducted by the author on in*srnational
tennis players {Copley, 1975a).
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the verious heights and then to calculate the limb and segment lengths by
subtraction. The latter method was used in this study ta obtein the

upper and lower limb, arm, forearm and thigh lengths

D, Length, dismeter and girth indices

Linear and circumferential indicss and ratios are frequently
used to differentiate between the performance of sport participants who
differ in body sizs, age and sex. Studies by Kohlraush (1829), Krakower
(184), Digiovanna (15431, Cureton {1951), Kroil {1854), Tanner (1364)
anc De Garay et al (1974) have indicated the rslationship betwsen body
propertions and physical performance.

It should be pointed cut that the exclusive use of length, diameter and
girth indices in structure-function analyses may obscure Iimportant relation-
ships. In the throwing of the discus, for example, it may well be the
absolute snd not the relative upper limb length that dstermines the level
of proficiency or the distance thrown. It is clear, therefore, that foth
absplute and relative measuras should be considered in structure-function

analysss.

The linser and circumferential massursments selected for this study were
used to obtain a number of stendard indices and ratios, such as relative
upper limb length, forearm-srm ratio, relstive biacromial and bi-ilisc
diameters, humerus-femur ratic and relatlve chest girth. It was hoped
that these ralative measures would throw some light on the possible
relationship between physique and proficiency in tennis.

£. Body surface ares
The surface arsa of the human body can be eithsr directly
measured or indireckly predicted from regression formulase, The photometric.
tape coating and surface integrator techniques ars commonly used for the
direct messursment, while stature and body mass ars generally utilized to
predict body surface area.

The popular photometric methad is a very accurste, simple, rapid and
relatively cheap technigue which utilizes a photodermoplanimeter. This
instrument measures the ares available for absorbing light which, for any
position, is identical to the area radiating heat. The standardised
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position used during the measuremsnt is the spreadsagle posture. This
standardisation ia necessary since the absorting or radiating area of

the body varies with posture.

The Du Bols regression formuls fcr the prediction of nude body surfsce
area from stature and mass {Du Bois and Du Bois, 1898} 45 still the mast
popular indirect method. even though a number of other formulae have
subsequently been develaped, such as these of Sendroy and Cecchini (18543},
Banerjeg and Bhattacharya [1861) and Mitchell et a1 (1871).

Studies by Banerjee and Bhattacherya (1861 and Mitchell st al (1871 have
indicsted that the Du Bois formula tends to underestimete body surface arsa
in adults. Mitchell et al (1871) have pointed out thst results obtained

by the prediction of bady surface area by means of the Du Bois formula,

are highly correlated with those obtained by ths photometric teshnique
when areas of greater than ecpe sguare meire ers invelved. These workers
have shown that the smeller the body surface ares, the greater is the under-
estimation when the Du Bois formula for children is used. This finding is
supported by Banenjee and Bhattacharya (1961) who propossd & formula for
the pradiction of bedy surface ares in Indian children.

Bady surface area was assessed in this study to abtein information about
tissus indices and relative sweat-rste, The Du Buis method was selscted

beceuse of its practicelity and universal scoeptance

F. Masculinity - femininity
Masculinity - femininity ratings refer to the degres to which a
male or femals possesses physical and/or psychological characteristics of
the opposite sex. The psychological ratings are usually based on be-
havioural, personality or interest scales, while the physical ratings are

derived from body prop ons or 58X istics.

A study of Oxford University honours graduatss by Parnell (1954M)indicated
a significant positive correlation hetween academic performence and degrae
of femininity which was assesser from photographs of physical character-
istics. Harris (1975) reported that femele athletes tended to be lass
Ffeminine in personality than non-athietes. Sheldon and Stevens (1942)

and Seltzer (1945) developed ratings of androgyny or mesculinity based en
physical appearance and found significant devisnt bghavicur in mele
subjects whose physiques had strong feminine characteristics
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The degree of prominence of masc -line or feminine characteristics in a
male's or female's physique is rw. erred to as the index of gynandromarfhy
by Shelden et al (1840}, Nude body photographs. taken from behind, were
utilized by Baylay (1851) to devise somatic androgyny scales for males
and vemales. A tatal of 10 androgyny categories ranging from hypesr-
masculine to hyperfeminine were develaped. Spence and Helmraich,

{oited by Malina and Zavaleta, 197B) found that more female athletes were

classified as androgynous than were college women.

The two most commanly used physical characteristics for the assessment of
androgyny are the biacromial and bi-iliac ciameters. Bayley and Bayer
11846) datermined the degres of androgyny by expressing bi-ilisc diameter
as & percentags of biscramial diemeter. Tanner (1851) also usad the bia-
cromial and bi-ilisc diameters to devise an index of androgyny. In his
formula, bi-iliac diameter was subtracted from biscromial diameter after
the latter had been multiplied by three, [Mean androgyny scores of 90,7
{mala) and 73,8 (female) wers found in non-athletic Oxford college etudents

Milne (1872), using Tanner's index af androgyny, conducted an investigation
on non-athletic Edinburgh men and women and reported mean values of 91,0
and 81,8 respectively. Malina and Zavalsta (1976) determined the
androgyny indices of 68 female track and field athletes and 76 female non-
athletes, The results showed that female athletes competing in jumping
and throwing events had androgyny indices which overlapped considerably
with those of non-athletic college msles. The findings suggest thst a
mesculine physique appsars to be an important prerequisite for success in
certain track and field events. Thase workers also calculated androgyny
ingices for male and female treck and field participants at the 1360 Rome
Olympics and the 1888 Mexico City Olympics from mean values reported by
Tanner (1964) and De Garey gt al (1874} respectively.

Tanner's (1851) androgyny index was used in this study  establish norms
for tennis players .nd to determine the extent %o which masculinity in

physiqus may be for ful perforn in tennis.

G. Dysplasia
viole (cited by Battinalli, 1978) defines dysplasia in terms

of the degree to which one part of the body is dispropertionata to another.

Bainbridge and Roberts (1856} are of the opinion that dysplasia is of
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Tha degrea of prominence of masculine or feminine characteristics in a
male's or femala's physique is referred to as the index of gynandromorphy
hy Sheldon et _al (1940). Nude body photographs, tsken from behind, were
utilized by Baylsy (1851} to devise somatic androgyny scales for males
and females. A total of 10 androgyny categories vanging from hyper-
masculine to hypsrfeminine wers developed, Spence and Helmreich

{oited by Maldl - -rd Zavaleta, 1878) found that more female athletes were

classified s androgynous then were college women.

The twe nost commonly used physical characteristice for the assessment of
androgyny are the * somisl and bi~iliac diasmeters. Bayley and Bayer
11946) determined . .egree of androgyny by expressing bi- llisc diameter
as a percentage of blacromial diameter. Tanner (1951) also used the hia-
cromial snd bi-iliac diameters to devise an index nf androgyny. In his

formula, bi-ilisc diameter was subtracted from biacromial diameter after
the latter had been muliiplisd by three. Mean androgyny scorss of 90,7

{mele) and 78,3 {female) were Tound in non~athletic Oxford college students.

Milne (1872} using Tanner’s index of androgyny, condui.ed anm investigation
on non-athletic Edinburgh men and women and reported mean values of 91,0
end 84,8 respectively. Malt.a end Zavaleta (1976} determined the
androgyny indicas of £8 femele track and fimld athletes and 76 female nan-
athletes. Ths resulbs showed that femals athietes competing in jumping
and throwing events had andropyny indices which overlapped considerably
uith thase of non-athletic onllege males. The findinges suggest that a
masculine physious apuears to be an important prerequisite for success in
vertain treck and field events. These workers alsu nalculated androgyny
indices for male and femalm track and field participants at the 1960 Rome
Dlympics and the 1968 Maxico City Olympics from mean veluss reported by
Tenner {{864) and De Baray et al (1874} respectively.

Tanner’s (1951} endiogyny index wes used din this study to sstablish noxms
#or tenris players and Lo determine the extent to which mesculinity in

physicue may be For successful p in tennis.

B, [Oysplasis

Viola (cited by Battinelli, 1875) defines dysplasia in terms
of the degree Zo which one part of the body is disproportionate to another
Beinbrilze and Ruberts (1968) are of the opinion that dysplasia is of
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biological significance since it represents physique adeptotions for tha
adequate performance of various physiological functions on a scals of
priorities to which the utilization and distribution of constituent

tissues is related.

The results of investigations concerning the relationship betwesn physical
parformance and structural dysplesia are conflicting. Damon (1855)

studied the physigues of over 3 000 pilots and found that the more success-
ful pilots had fewer disproportions. Champion truck drivers were found to
have far less bodily disproportion than their less proficient countarparts
(Damon and MoFarland, 1455). In contrast to thase findings, Bettinelli's
(1876) study of 222 college students and a’hletes indicated that there was
no significant relationship betwsen motor ability and canstitutional
disharmony (dysplisial.

Dysplasia may be expressed also in tarms of asymmetry. Wolafieki (1372}
found that functional, dynamic and morphological asymmctries are largely
dspendent upon the age, sex and social environment of the subjects under
study. He is of the opinion that development is channsled squally to
both halves of the hody and that only strong functional differentistion
of the extremitive can dissurt this development.

A number of different methods and formulas have been developed ‘o assess
dysolasia. Yiols {cited by Battinelli, 1978) determined structural

dysplasia or disharmony by considering deviations from the total sverage

of a particular ssries of ural - K fu 119251

used anthroposcopy and Shaldon st al (1940) measured dysplasis by the
extent to which sach of the 5 bodily regions (as defined by him) was
characterised by an inconsistent mixture of endomorphy, mescmorphy and
ectomorphy, Battinelli (1976) calculated dysplasia by considéring various
diameter/stature ratios and the extent fo which these ratios departed from

on established group norm.

A practical formuia for assessing dysplasis, known as the relative index
of asymmetry (RIA), was developed by Wolafski (1872). 1In this formula
the differences betwsen metrical tralts of the vight and left sides of
the body srs expressed as parcentages of the sums of the right and left
side traits. The degree of ssymmetry of different treits can be dicectly
compared with this formula. This formula was utilized in the present
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study to assess and compare the morphological and physiclogical effects

of a strenuous unilateral sports activity.

2.5 SODY COMPOSITION

2.5.1 Intrnduction

In earlier times many anthropologists were interested nainly in
the skeleton and paid little abtention to the portion of the body bstwsen
the skin and bone which, as Brozek (1960) commentad, vas regarded as
‘no-mans-land lying follow'. Matiegke (1924), e Czechoslovakian anthro-
Pologist. laid the foundation of the modern anthropalogical study of body
compositicn when he outlined a technique for the quantitative appraisal
of the mass ¢ four main body compartments, accessibla to the somatometric
approach. In sibsequent years body composition racelved increasingly
more attention with the result that physical onthropology was brought into
livelier contact with the dynsmic problems of nutrition, growth, ageing and

physical exercise (Brozek, 1950).

Body composition is particularly useful in the study of physical fitness
sinca the adaptations to greater musculer demands are manifested both

functionaily and morphologically, Body dersity is higher in an active

man than in en inactive man,lindicating a greates lean mass and lower fat
mass in the former. Although the compartments inta which total body mass
is separated depend upon the investigator's frame of reference, a dis-
tinction can be made between the direct and indirect determinations of

body compusition.

2.5.2 pirect method

This is the most reliable and accurate method of determining body
composition., However, as it involves the chamical anczlysis of the organism,
it cen be conducted only on a cadaver. The results of chemical analvses on
cadavers, conducted by Mitchell gt al (1945), Widdowson et al (1851) and
Forbes gt al (1853}, indicatad the following average constituents of the
hur n body: 82,8 percent watsr, 15,3 percent fat, 16,4 percent protein
and 5,7 percent ash (Novah, 1974al.

2.5.3 Indirect msthods

The indirect determinstion of body composition involves either a

four-or two-compartmuntal analysis. In the four-compartmental analysis,
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the body is subdivided into fat, extracellular water, cells and bone
minerais. Unfortunatsly, this procedure nacessitates expensiva eguipment
which, according to Novak (1874a),1s available in cnly a few laboratories.
The two-compartmental analysis invelves the division of the body into s
fat and fat-free (lesn) wass. It is the mast commonly used spproach

A number of diffsrent methods or technigues utilize this approach. A
brief survey of thess methods is presented.

Denwitomesry

Historically, Behnka st al (1942} werethe first to utilize

densitometry and develop formulae for the analysis of the living human
body into its fat and lean fractions.

Bensitometry invelves the determination of the total bedy volume by means
of the hydrostatic or underwater weighing technique which is based on the
Archimedian principle. The velume of the tiody is determined from itw
displacemsnt in water. Corrections are made for the pulmonary and gastro~
intestinal residual volumes. Once bady volume has beer determined, body
density can be calculated from the density formula (D = ‘v;J. Body fat can
then be estimsted from body density. This principle is based on three
assumptions (Novak, 1974a): first, tnat the separate densities of tre
body components are additive, secondly, that the densities of the con-
stituents are relstively constant from person to person, and thirdly,
that the subject c’ffers from a 'standard reference man' only in respect

of the amount of adipose tissue.

Although densitometric analysis provides n accurate determinstion of
body density, it is based on the following interrelated assumptions:that
lean body mass has a constant density and pruportion of water, that bone
is constantly proportionsl te lean body mass and, that cell water is

constantly proporticnal to call mess (Wilmore et al., 14/8). It should

be pointed out also that this method i not suitable for young, elderly
or hydrophobic subjects.

Little and Jessup (1977} have recently proposed the use of s point-gauge
micrometer device for the measurement of limb volume according to the
water-displacement technigue. The volume of the body can also be very
accurately measursd from photographs of the nude body, taken from both
sides, the rear and the front. By means of this technique it is even
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possible to determine the cross-sectional area of any part of the body

very accurately (personal communication with Professor G. Reid).

8. Roentgenogrammetry and Ultrasound
Adipose (subcutaneous), muscle and bone tissus widths can be

seen and measured on radiographs. Ultrasound also has been found to be
uyseful in the measurement of subcuteneous adiposs tissue. A beam of
puleed ultrasound emaneting from an ultrasonoscope is applied to the
skin through a layer of olive oil. The time lapse batween the production
o the pulse and of the first constent echo is a measure of the sub-
cutansous thickness at the site of epplication (Sloan, 1867),

Roentgenogrammetry has been extensively used to study the effects of
physical activity and training on deneity of bons tissus. King &t al
(1989} found pronounced humeral hypertrophy in the throwing arm of
professional baseball pitchars. Lewis (1971) conducted a roentgenographic
analysis of the uppsT extremities of fnur professional tennis players
and found an increass in the bone diameter and cortical thickness on the
playing side. Jones et al (1977) studied and compared roentgsncgrams

of the playing and non-playing bumeri of 78 professian:t tennis players.
The results indicated » highly significant hypertrophy of bone on the
playing side, Brought about by a thickening of the cortex. Nilsson and
Westline (1871) found significent differences in bone density at the
distal end of the femora of male athletes cumrired to those of non-
sthlstes, The athletss' leg of preference was also found ta have &

depser femur than that of the ooposite limb.

The eviderce suggests that physical activity results in the hypertrophy

of bone. On the other band, extrem: muscular inactivity results in a
deminaralization of the bone whizh, in turn, is linearly related to the
likelihood of bone fracture (Montoye et al., 1878). Hattner and
Mctiillan (1868} have suggested the following possible mechenisms to
explain why muscular activity may serve to presarve bone integritys
direct neurai influencer un the bone, vascular and blood flaw changes
associated with physicel avtivity, and mechanical stress and strain as a
result of mess-bearing and muscular tensions. An interesting theory of
these workers is that bone crystals may function as piszoelectric trans-
ducers, converting mechanical strain inte electrical signals which, in

turn, could stimulate bone formation.




C. Total body water

Total body water may be aestimated by e number of methods. The
dilution method is most commonly used, It requires the oral administration
of deuterium oxide and the collestion of urine samples. The principle
invalved in this method is the coistency of mass of the diluted solute
180~

or tracer substence before and after dilution. The oxides of t
topic hydrogen, predicten theoretically, are ideal for the messursment of
total bady water since both deutsrium oxide and water as well as tritium
oxide and water are haudled in the vascular, intercellular snd int.a-
cellular compartments (Desipras et al., 1978n)

When blood samples (plasma) are available seversl other methods mey be
used to sstimete tatal body water:s the falling drop method (Sohloerb

&t al,, 1950), the infra-red absorption method (Turner gt al., 1960) and
the gas chrometography method of Arnett and Duggleby (1983}, Fat-free
mass, or lean body fass, may be calculated from total body wster on the
assumption that the body has u 'topstant' amount of water (73,2 percent}
and that body fat 1s practically anhydrous (Novak, 1974a). The estimation
of total body water by means of the methods described, requires expensive
equipment and urine or 5lood semples which are not always conveniently
obtainable., Other less complicated methods are available. Far example
Hume and Weyers (1871) have developed regression equations for the pre-

dicticn of total body water from messuremants of stature and mass.

In a study conductad by MNovak b al (19681, highly proficient college
swimmers, track and field athletes and gymnasts were found to have sigmifi-
cently greater relative values of totel body water than baseball and
foochall players. Since total body water is confined primarily ko leen
tissues, information about fat-free mass or solids can be obteined from
this information.

D. Total body potassium

A sophisticated method of determining lean body mess is the
meas iremant of naturally ouourring radio-activity of the hody, arising
from its 40 K content. A whole body counter is employwd to measura the
radio-active potassium (Novak, 1974a). As in the sstimation of body
water, this methud requires expensive, sophisticated eguipment

In a study canducted on 13 middle-sged women, it Was
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found that habitual swimming significantly increased total body potassium,
the latter being indicative of the body cell mess or so-called 'active
tissue mass’ (Novak, 1974b].

€. Anthropometry
Varioug anthropometric measuraments can be employed to estimate
lean body mess and budy fat. These measurements must be taken wit' great

care and precision since small errars will become geestly megnified.

I. Digmetere
Behike (1981) used an anthropometric assessment of body

diameters to predict lean body mass. Numerous skeletal diamsters werse
wtilized and grouped into so-valled '¢' guotients iy dividing by a con-
stant k', which was derived from 'refsrence man'. According to Wilmors
and Behnke (1868) this method is sultable for general nr‘clinical serean-
ing purposes. However, unless the measurements are taken with great cere
and precision, inaeccurate estimations will result since smell errors will
become greatly magnified.

ITI. Girths and langths

Katoh and Katch (1874) have developed a simple anthropo-

metric method for estimating segmental leg limb volume, This technigue
invelves partitioning ths Jower limb into 6 truncated cones and deter-
minding the voluma of mach cone by means ef girth snd length measurements.
A comparigon of the results obtained from this technigue and ths water
displacement method, indicated a very high correlatian of 0,95 with a
standard error of 480 millilitres. Limb volume can, of course, be
employed to detect alterations in by compesition. These workers
pustulate that by consldering the head as a sphere, the neck as a
oylindar, the trunk as a box, & 1 hand and oot as wedges and the
buttocks ss a half sphers, it would be possible, as in the case ot the
truncated cones of the limb, ta predict aceourstely the volume of sec-
tions of the body as well as of the body as a whale.

1IIX, Lengths, diemeters, girths and skinfolds

Wartenweiler et al (1974) have proposed an anthropu-
wettic technique for estimating the lean volume, bone, muscle and skin-
fat indices of the upper snd lower limbs. Girth, dismeter, skinfold and
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length measurements are used to obtain lean volume and the tissus indices
The tissus index is obtained by exprassing the estimated tissue mass as

& percentage of the body mess. With this method, the absolute and
relative brie, muscle snd skin-fat values can be determined. This

mathod was selected for the present study because of its practicality and
because it was felt that it was particularly suited to an investigation
I3 of tha effects of tennis, a strenuous unilateral spurts astivity, on the
composition of the upper limb, Some of the formulse published by

Wartenweiler st -1 {1974} were found to be incorrect. A getailed descrip-

tion of the errors and the oorrected formulae of these workers is present-

ed in the next chapter.

An alternative m:thod of cbtalning the tissue index is to express the
tissue uross-sectional ares as & percentage of body surface ares. This
method, whish im

Jue leulations and is therefore less invelved,

i was used alsv to cor” sults with those obtained by the method

i of Wartenweiler st al «

Bone, muscle and skin-fat indices were caloulated by Wartenweiler et el

. (1074) from the measursmente taken by Tanner (1364) on competitors
in the 1860 Rome Olympic Bames. Ths results indiceted significant
differences among competitore in verious athletic svents. An interasting
finding in runners was that, wheress the muscle index was inversely
related to the distence of tiie event, the bone index was directly
proportional to the distance of iLne event. Throwers, weestlers and

ght 1ifters recorded the highest muscle and skin-fat indices.

Novak et _al (1878) estimated the lean volume of the upper and lower iimba
of Olympic water polo players, saoccer players, swimmers and rowsrs by
means of the corrected dizmefer anthropometric tachnique proposed
originally by Brozek (1860).The rowers had the greatest upper and lower
iimb lzan volumes, followed Ly the water polo players, swimmers and

soccar players in that order,

In & sturly by Carter (1876) on the 1963 Mexico Olympic dats, 'phantom

for 107 blsck

and 88 white athletes. By means of discriminant analysss,Carter was abls
to distinguish clearly betwsen the black and white athletes. The 'phantom
model propused by Ross and Wilson (1974) appears to be sble to detect

z-values far six anthropometric measure~ were calcule
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subtle differences even in samples where there “as been much performance

selectivity.

. skinfolds

Since sbout half of the total amount of adipose tissue
in the humso body is located in the subcutaneous lay-r, it is not surpris-
ing thet skinfolds are the most frequently used enthropometric measure-
ments for the prediction of body fat. Ultrasonic and roentgenogrammetric
measurements of subcutaneous fat have been founu to be very similar to
skinfold caliper measurements (Sloan, 1987, Singh, 1967). Pace and
Rathhun (1845), Brozek (1854), Pascale et al (18551, Siri (1958), Brosek
st sl {1963), Durnin and Rensmen (1967), Slcan end De V. Weir (1870) anc
Forsyth and Sinning (1873) have developed methods and formulae for the
prediction of body fat from skinfolds. These prediction nguations are,
of course, population specific and sre less accurate when utilized for
menbers of other populaticns. Mard and Fleming (1864), for exampls
tave found that the three skinfolds shosan to fit the Brozek et al (1363)
formula for the estimation of body fst, ars not suitable for negroid
subjects, Most of these techniques involve the pradiction of bady
density or specific gravity which is then used to assese bady fat

Both the numer ond lacality of skinfold measuremsnts used to pradict
body fat have varisd conaidersbly. Fellingham (1872) used only the tri-
ceps skinfold, Sloen and Shapiro (187Z) the triceps and subscapulzr skin-
folde, Brozek enc Keys (1851) three skinfolds, Durnin and Rahemen (1987)
four skinfolds, and Haisman (1870) nine skinfolds. The use of only one

or two skinfolos has a number of nisadvantages. Firct, one or two skin-
folds do not sdequately represent the distribution of Fet in the body:
secondly, Uhe effects of dysplasia ur: not readily overcome, and thirdly,
a small error in measurement #ill drastically influence the final out-

come,

The method of Durnin and Rshamen [18671, which utilizes the tricepe,
biceps, subsvapular and supra-iliac skinfolds, has been found to provide
an accurate prediction of body deneity in stucdies conducted by Haisman
(1970) end Desiprds et al [1978h). The equation for the determination

of relstiva body fet, derived from the classic 'reference man' research
of Keye and Brozek (1853) and £vozek gt al (1983, has bsen widely used
and recommended for its uniformity (Novak, 4874al, This equation, and
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the formulae of Durnin and Rshaman (1867), were used in the present study
to predict relative and absolute body fat and 1ean body mass. This '
information was requirsd to assess the long-term effects of intensive

tennis playing on the composition of the body.

Adipose tissue has some important functions in the human body, such as
the reduction of heat loss, the pedding of internal organs and the pro-
vision of a secondary source of energy, However, being nen-contractile
tissue, it constitutes a burden to physical activities involving the
displacement of the body mass (Copley, 1875b).

Parizkova [°958, 1968) and Smit (1873) have shown that habitual energy
expenditure has a pronounced influsnce an the amount of fat in sport
participents. Novak et al (1877) have found that one of the prerequis-
ites for Olympic succsss in endurance swimming and running in females is
that they should have relative body fat values ranging from 10 to 15
percent. Body composition is influenced not only by activity but alsa by
inactivity, Greenlsaf et al {1877) conducted a study on 7 males to
determine the cause of body mass reduction arising from enfarced bed rest.
These workers concluded that the mass loss had two componente, namely, a
lean mass lass, which was caused by the assunption of a hordzontal body
position and which was independent of the metabolic rate and, a fet mass

loss which was proportional to the metabolic rate.

2.8 SOMATOTYPE

Tha classification of physigue can be traced back to the time of
Hippocrates (400 B.C.). Classification has gsnerally been by means of
anthropometric measures and/or visusl impressions. In the past 40 years
a number of different somatotyping methods have been developed and used.

2.8.1 Somatotyping methocs
A, Sheldon's method

Sheldon et al (1940) wers the first to introduce the concept
of somatotyping. Their definition of the somstotype, clted by Carter
and Haath (1871, p.10) is:

'A quantification of the three primary components determining

the morphological structure of an individual expressed as a

series of three numerals, tha firat referring to endomorphy,
the second to mesomurphy and the third te ectomorphy’ .
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According to Carter end Heath (1871) the Sheldonian somatotype was

determined originally from 17 measurements taken on a negative or photo-
graph, However, this method was seldom used after its replacement with
the photoscopic msthod. In order to obtain a somatotype rating photo-
graphs ware teken frus the side, back and front. By means of height-waight
ratic and age tables, and comparisons of the photographs with standardised
somatotype photographs and descriptions, a somatotype rating was obtained.
The Sheldonian method is purported to be sssentially genotypical and to assese
; the constitutional and suppasedly unchanging pattern of the somatatype

: Althaugh this method has enjoyed widespread implementation for the past

; 30 years, satisfactory ratings may be obtalned only after considerable
training and practice (Carter and Heath, 19711,

Shelden {1861) subsequently modified his method again and the sssential
procedures, as summsrised by Heath and Carter (1871) are: .the standardised
photograph, mass record and seven-point rating scale were used as before;
the maximal staturs and minimel height-welght ratios were determined

from stature and mass; a new trunk index was derived from measurements of
the thoracic and abdaminal trunks as marked on the photographs; the
somstotype was cbtained from thres tables; -. table of height-weight ratios
and trunk indices, & table of maximal staturs, and the so-called 'basic
tables’, These tables, which have been published by Sheldon gt sl (1988),
are age-corrected and are reed differently for males and females. Carter
and Heath (1971) are of the opinion that this 'new' Shsldonian method

is still inadequately described and that the new trunk index system bears
little relationship to his previous methods and should, thersfore, be
regarded as snother somatotype methad.

B, Hooton's mathod
Hooton's (1951) method is sssentially & phenotypic represen-
tation of ths somatotype snd is based on the inspection of & photograph
and height-weight rstios. Fat, muscularity ond ottenustion are the terms

used for the three camponents.

C. Cureton’s method

Curston's (1947) method combines inspectionsl rating of a
photograph, palpation of the musculature, skinf.ld measuraments, height-
weight ratios and the determination of vital capacity and strength.
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The somatotype triangle is constructed so that ectomerphy is on the left
side and endomorphy on the right side.

0. Parnell’s method

Parnell {1954a)used anthropometric measures of bone dismeters
muscle girths and skinfolds in conjunction with photographe, to obtain an
anthropometric samatotype. Special M.4 charte are utilized ta obtain
ratings for the three components of fat (F), muscularity (M) and
Linearity (L).

E. Damon’s method

In this method the sometotype wes predictsd from 49 anthropo-
metric measurements by means of multiple regression equetions. The data
were abtained from White and Negro soldiers (Damon, 1862).

F. Pagtersen's methog

Petersen (18967) used Sheldon's somatoscopic criteria te somato-
type a large numoer of Nutch ohildren,renging in age from 5 to 14 years.
He subsequently published an atles,which is propably the best series of
somatatype photographs of children.

G. Heath-Carter method

Certain limitations of Sheldon's method wers pointed out by
Hesth (1963), She stated that the seven-point rating scale was erbitrary
and subsequently proposed an open-end scale starting, theorstically, at
zero (at one half in practice) and heving no upper end point. The
restriction of the iimit of the sum of the components was eliminated.
Since it was found that Sheldon’s height-weight ratios and somatotypes
were not consistently linearly related,she reconstructed the table to
ensure ¢ linear relstionship throughout. Heath (1363) questioned the

of the and, ther , she eliminated extrapolations
for age and utilizad the same height-weight ratio tabls for bath sexes

and all ages. Heath and Carter (1887) incorporated Parnell's M.4
technigus in Heath's (1863} system and subsequently developed the now
widely used Hesth-Carter somatotyping method. Heath and Cartar (1967,
§.57) defins the somatotype as

'a description of prasent morphalogissl conformation - a

size-dissoclated descriptor of the shape and relative !
composition of the body. It 18 expressed in & three i
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numeral rating slways recorded in the same order. Each
numeral represents svaluation of one of the three primary
companents of physiqus which describe fndividusi variations
in human morphology and composition’.

The Heath-Carter somatotypa is a morphophenotype which reflects changing
physical status with agelng, training and nutrition. In contrast to the
Sheldondan sometotype, it 48 not an sstimation of the sometotype at the

age of 18 years or e prediction of the future somatotype. The Heath-
Carter somatotyping procsdure invalves three methods of ubtairing @ somsto-
type rating, namely, the anthropometric, photoscopic and enthropometric
plus photoscople mebhods,

Anthroporetric method of Heath-Carter

8y means of a specially designed rating form end 10 measure~
ments, the somatotyps is direcly obtained from the rating form. Computer
programizs are now aviilable for the caloulation of the anthropometric
comatoiype and othsr useful somatolype ststistics., This methed provides

en abjective Indicotion of the criterion somatotype rating.

The utilization of anthropom in obtaining a reting has nean
used by a murber of suthors (e.g- Cureton, 1847; Parnell, 1854s; Damon
1952). Acesrding to Carter {1975), the anthropomstric somstotyping methad
has a numer of advantages: it 1s an objective method that can be sasily
end cheaply utilized in the field; it does not require that the cubject
should undress sompletaly as in the cass of somatotype photographs; the
measurements can be used Yor other types of analyses {(body structure and
eopposiiion) and the anthrepometric measurements provide a more precise

maasure of the is than che ie method.

the Hsath~Carter anthropometric somatotyping method wes selacted for this
sludy because of these savantages and because it has been extensively
usog in the study of expert sport performess (Carter, 1970; De Garay

st al., 1974; Hebbelinck and Ross, 1874; Hebbalinck et al., 1875)

This somatotyping method was used also in the regent Montresl Blympic
Games Anthropological Project (MOGAP) which was conducted by a team
comprising M. Hesbelinck, J, Borms, W. Ross, L. Carter and others
{personal comwnication). Somatotyps anslyses were included to estah-
Msh norms for expsrt tennis players and to determine whether there are

specific physigue rerulirements tor top cless tennis performance. To
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the best of the author's fnewledge, no somatotyps data on expart playsrs

are available.

II. Photoscopic method

This technique is based or a standardised photograph and =
table of the distribution of somatotypes according tr height/ YArSight
(reciprocal ponderal index). To this basic information ere sdded & kaow-
ledge of the Heath (1983) and Heath and Cartar (1957} criteris snd
experience in the svaluation of the relative amounts of the components s
abserved in the somatotype photograph. This method is cbvisusly sudjsct-
ive and practice and experience are prerequisites for valid and relisbie
results (Carter, 1975).

III. Anthropometric plus photoscopic method of Heath-Cari

This somatotyping method invelves a combination of the anthropo-

metric and the ic pi . A photograph, the
anthrepometris somatotype rating form and a distribution of the sometotypes
according to che reciproesl ponderal index are required. This method
ensures greater uniformity among raters than would be the cese with only
the photoscopic method (Carter, 1975}, It should be borne in mind that a
somatotype rating provides an easily interpreted summary or generalisation

of the available data but at the same time sacrifices precision.

It ie obvious that there are a number of different methads of somatotyping
and that the ratings obtained ars likely to be different. The word
somatotype 1s thersfore & generic term embracing a nurmber of differsnt
conuspts. Various somstotyping systems with different interpretations

and meanings have been used to investigate the relationships between

and 1 and functional varisbles, What is
encouraging is that these differant systems have revealsd & number of
important structure-function associations. An understanding of the vardous
methodologias may well assist in the clarifying of some of the reported
relationships and the discovering of still others (Carter and Heath, 1871l

2.6.2 Description and analysis of somstotype dsta

Since fts inception ir. 1940 the somatotype rating system has posed
numerous problems to researchers attempting to use it as an instrument in
the study of human biology. Besides the difficulties involved in




isualizirg the three , the gusntitative analysis
has until quite recently bssn restricted to parcentege distributions of
existing types or to thg separate study of the individual scmatotype
The latter app. in particular has limited the effective

use of the somatotype concept since it has viclated the fundemental idea
of the somatotype as @ totality or gestslt {Duguet and Hebbelinck, 18773,
In recent years new techniques have been devised in an attemot to improve
the methods of somatntype description and analysis, The most significant
sontributions have been the catejory comparisons of Walker (1962], the
somatotyps dispersion index of Ross gt al (1974) end the three dimemsional
somatotype concept of Duguet ~ad tebbelinck (18781,

A ot

srsion_index technigus

The dispersion index technique of Ross et al (1874]) is based on

the somatotype dispersion distence (SDD), measured in Y-units of the
. two-dimensional somatochart and derived from the component units,

between twa somatoplots or points on the somatochart. From the SDD
a series of cther descriptive statistics may be caloulated, such as
the somatotype dispersion index (SDI), which is the SDO group mean.
The varience of the points sbost the SUT permits useful statistical

.

analysis of the somatotype dats. This techniqus, which can be rapidly
and 1y applisd to pe data by means of specially

prap, d Fortran computer » was vssd 1n this study.

A geteiled description of the technique is given in Chapter 3
B. Tri-dimensional technigue

The three dimensionsl somatotype concept proposed by Duguet
and Hebbelinck (1978) is the most recent innovation. This techrigue was
presented for the first time in 1576 at a symposium on Human Biology in
Hungary ant .muently published by the Hungarian Academy of Scisnces
in 1877. Un,uctunately this paper does not appear to have been widely
circulated. The author learnt about this new technigue at the 1979
International Symposium on Sport and Recreation (September) and was there-
fore unable to use it in the present study. Professor L, Carter is at
present preparing s paper sbout the tri-dimensionsl approsch which is to
be published in a journal with international circulastion {personal
cammunicstion),

In the tri~dimension.l approach,the somstolype is presented by & somato-

4 point or position in space located on an X, Y and 2 co-ordinate (tri-

S
\
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dimensional grid system). These co-ordinates rapresent the three somato-
type components. The units on the co-ordinates are component ratings with
0~0~0 at the origin of the three exes. The distance betwesn any two
somatopoints (somatotypes) is known as the somatotyps sttitudinal distance
(SAD), while the somatotype attitudinal mean (SAM) refers to the mean of
the SAD's sround the mean somatopoint., The dispersion of the somatotypes
about the mean of their distances from the somatotype group mesn (in other
worde, the dispersion of the deviations from the msan somatotype) is

known as the somstotype attitudinal varience (SAV) or somatotype
attitudinal standard deviation ($ASDI.

According to Duguet and Hebbelinck (1977), the tri-dimensional approach
has a number of spplications: the SAD may be used in the description of
a group with regard to statistics such as locstion, central tendency and
absaiute or relative dispersion or, it may be used ta messure distances
bstween individual ratings, group ratings or between a group and an
individual rating. L. Carter, W. Ross and J, Borms are of the opinion
that the tri-dimensional technique comstitutes the best method of somato-
type description and analysis (personel communication).

2.6.3 Somatotype and performunce

Investigations by Cozens (1930), Cureton (1947), Miller (1952],
Sills and Everett (1953), Lindegeard [1956), Tanner and Whitehouse (19563,
Willgoose (1986}, Correnti and Zaull {1864}, Tanner (1964), Hirata (1958)
and Carter (1870} have studisd the relationship between body types and
physical performanca. It has become evident from these studies that
competitive sport, especially at championship lsvel, has definite physigque
requirements. The establishment of samatotype norme derived from studies
of expert sport performers has made it possible to estimate accurstaly
the appropriate structure for optimum performance of a particular task.
The sport participant may now be identified and,in so doing the right
training be diracted at the right parsen. The genetic basis of the
somatatype has, according to Carter and Heath (1971), never bsen proven
or even the possible magnitude of it established.

Besides the importance of physique,there are a number of ather prerequis-
ites for success in sport. Appropriate physiologicel capacities,
attitudes and behaviour patterns are sisc very important. Seen in its

whole context therefore physical performance is directly influenced by



5

factors such as heredity, race, socio-economic conditiens, nutrition and

climats,

Somatotype analyses have not only been used to investigate structure-
function relationships in sport participsnts but also utilized for the
diagnosis and treatment of sociapathic children (Vardonck, 19723 and
hypertensives (Ctiovanovd et al., 1878J, and for tha investigation of the
relationship between personality traits and physigue (Sheldon, 1985,
Slaughter, 1870]. Somatotyping hea evan been used for the sarly identi-
fication of individuals who fall in the cardisc infarction 'prone zane’
of the samatoshart (Smit gt al., 1976).

2.7 ASPECTS OF PHYSIDLOGY
Physiology 1s defined by Guytom (1976, p.2) as:

‘The study of Punction in living matter: it attempts to
axplain the physical and chemital factors that are res-
ponsible for the origin, development and progression of
1ifs. Each type of life fram the monomoleculer virus up
to the largest tree or to the complicated human being.
hes its own functional characteristics. Therefurs, the
vast field of physiology can be divided into viral,
bactarial, cellular, plant and humen physiology with many
more subdivisions!,

2.7.1 Exercise physiclogy
Traditionally, the human physiologist was concerned only with the
physical and chemicel functions of the hody under resting or basel
conditions. In recent years, however, nonsidersble attention has been
given to the study »f exercise or work nhysiology. In its broadest
sense, mxercise physiclogy is defined us the study of the structursl,
physiological, and biocnemical effects of exercise and physical ectivity on
the human body (Copley, 1976b, p.1). Exercise physiclogy provides basic
information shaut the nature shd range of the functional capecity of the
different organ systems and, in so doing, enables ane to better compre-
hent how the body integrates functions in order to produce optimal physicel
performance. Since svery human being engages In physinal exercise to some
or other extent during the course of his/her life, ' o essentisl to
understand the acute responses to, amd the long tern “feuts of, physical

exercise or work.

i
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A number of factors have contributed to the importance of exercise physi-
ology over the past few years, namsly, the ever increasing popularity of
sport and physical racreational activitiss, the growing awareness of the
importance of physical fitness, professionalism in sport which is con-
cerned primerily with the optimising of physical performsnce, and the
realisation that menusl labour is, and will remain, zn essential part of

saciety.

Physical exercise or work mey be conducted under different environmental
conditions and,as a consegusnce, exsrcise physiology has a number of sub-
divisions, namely, space, altitude, climstic (biometecrologicail and
underwater physiclogy. Each subdivision constitutes a comprehensive tield
of scientific study with its own methodology and terminology

2.7.2 fFitness

The term fitness is frequently used and yet 1ts msaning is still
somewhat obscurs. Since fitness involves many different factors, &
multitude of interpretations thergof can ke glven. For example, the
industrialist views it in terms of productivity, the sports participant
sees it ip terms of achievement and performance while to the public, it
signifigs health. The questlen, 'fitness Ffor what?'must be answered
berore a suitable specific definition may be given {Copley, 1975a).
Strydom [1977) distinguishas between the following typss of fitnass
total, psychologlcal, physical, medical snd technical. The individual
who is physically, mentzily, emutionally and sccially well adapted and as
a result lives a happy, full and balanced life, iz said to be totally
fit. 7This is the ideel state or ultimete goal but according to Frost
(1971}, ne humen being is eble to achisve this state of perfection,

A. Physicel fitness

As in the case of the term 'fitness', there is no universalily
accepted single definition of physical fitness. An individusl msy be
physically fit to mest the reguirements of a specific activity or sport
but unfit for another. A champion marathan runner, for exsmpie, would
be totally unfit for e sport such as wrestling. Gsnerally speaking, how-
ever, physical fitness refers to an ingdividual's sbility to meet the
physical requirements of strength, speed, pawer, agility, endurance, co-
ordination, balance, flexibility and body control. These are the




fundemental elements or components of physical fitness (0e Vriss, 1975},
Strengih, flexibility, balance, endurance, metebolic snd snvironmental
fitness are regarded as the main types of physical fitness (Strydom,
1877).

A further distinction may bs made between baslc and specialised physital
fitness. Basic fiiness involves the all-round development of the funda-
mental components of physical fitness, while specialised fitness invoives
the specific development of one or more of the fundomental components.
Long-distance running, far example, necessitstes high levels of endurance,
metabolic and envirenmental fitness, while gymnastics reguire well devel-
oped strength, balsnce and flexibility fitness, Basic physical fitness
is a preraquisite for specialised physical fitness which, in turn, is
necessary for the atiainment of a high degree of proficiency in sport.

I. Tennis fitness

To be able to answer the guestion 'How fit should I be for
tennis?’, considerotion must be given to the individual's ags, sex,
physique, present standard of play, and future standard gesired. Tt is
obvious that an elderly man, who plays social tennis and has na desire
ta inprove his game, will not need to be as physically fit as a young man

who pleys well and who is striving to become a world class performer.

Although a degree of proficiency in tennis can be developed without the
player being physically fit, basic and specialised fitness are essential
for the athainmant of high levels of tennis proficiency. Specialised
fitness for tennis necessitatss the development of psychologicsl
endurance, power, agility and environmental fitness. OF course, the
develapment of the numerous individual skills also constitutes part of
this specialised tennis fitness. Fsychologicel aspects, such as
determination, emotional stability, perseverance and frustration
toelerence, are particularly important for the competitive tennis playsr.
Muscular and cardio-respiratory endurance are importsnt since a match
can be axpected to continue for at least 30 minutes and often excesds

129 minutes.

The speed with which a player cam move about the court and the force
that can be applied to the bsll, particularly in the execution of shots

such as the service, smash and high backhand volley, are largely
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dstermined by muscular power and agility. Since tennis is played both
outdoors and indeors in widely differing geographicsl sreas, it is evident
that environmental fitness and the sbility to become acclimatised to

heat, cold, altitude and tims-zone are important to the top class per-

former.

Physical fitness is a fluctuating, dynemic prozess which cannot be stered
away and thep drawn upon months or years later. Certainly, physical
fitness may be maintained only if we ars prepared to work regularly and
conscientipusly towards it (Copley, 1977bl).

B. Treinir
I. Introduction

The fundamental principle -n which training is based is
that the healthy human body thrives on use and, subsequesncly, adapts to
maintain & functional reserve capacity above the habitual demend placed
on the organs and systems. Training refers to the maintenance or improve~
ment of one or more of the fundamentsl slements of physical Fitness.

The term 'practice’, on the other hand, refers to the repetition of a
skill or technique out of the game context, so that it may become more
effectively executed (Williams and Sperryn, 91978).

The emount of time required to be spent an training and practising depends
largely on the type of sport or physical activity, In sports demanding
high skill such as golf, tennis apd archery, much time ie spent practising
while in sports such as running (sprinting and long distance), canoeing
and eycling, the emphasis is on training. Modern sports competition is
so fierce that success in many sports can be achieved only if the partici~
pant has natural taleni and is prepared to be subjected to merciless
even ruthless physiologicsl and anatomical stress. (erg-distance rumners
for example, may cover distances of over 400 kilamet--: & week, while
swimmers often spend in excess of five hours a day in the pool.
Acsording to Corrigan (1967), sport participants nowadays spend five
times as long in training as they did before World War IT. It is not
surprising, therefore, that Bannister (1887, p.5), the first men fo run
the mile in under 4 minutaes states:

'I doubt that the cost of training in terme of sacrifice

of other pursuits, would attract me to the sport of
athletics®,
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Ascording Lo Willisms and Sperryn {1876}, the modern approach to training
raises a number of serious guestione regarding the desirabiiity of
participation by children and young adolescents when one considers their
comparative immaturity, vulnerability te domination by parents and
coaches, and the inappropristsness of absessional, single-minded behaviour
during 8 period of growth, development and education. Few children are
aware of their physiological limits and, when highly motivated, may
sasily over-exert themselves {Copley, 1977a}.

Intensive physical treining ects upan the homeostatic, physiological
equilibrium and brings sbout measurable sirculatory, metabolic, respira~
tory, thermel and chemicsl responses (Malina, 1968). OF course, only a
seleat few are prepared to subject themsslves tu this type of training
The majority of sport participants are content to participate in light

to moderate forms of training and physical exercise. Studies by De Vriss
19883, Morgan (1976) and Sime (1877) have indicated that light to
moderate exercise can effectively be utilized to alleviate the acute
sywptoms of bath mental and physical tension and stress,

Physical activity has received an incressing amount of scientific

attention in recent years, Banister et al (1975) have proposed a math-
ematical quantification of athletic progress in which the exercise

impulse, fatigue end training effects are utilized. Cafarelli et al (18771
have developed an eguation for the sssessment of perceived physical effort
during dynamic exercise. According to these workers, the perceived physi-
cal effort, which may be expressed in terms of power outpui per unit of
muscle mass, grows as a power function of the physical level of exertion.
The exponent of tha function is about 1,7 and variss littls from one

fort incresses much more

exercise task to another. The perceived
rapldly with force than with time. This relaticnship is particularly
avident when one comparss interval training [of high intensity and short
duration) with long-distance running training (of low intensity and long
duration]. Interval training is slways rated as more strenuous and
strasssful than long-distance yunning. ~''~da gt al {1872} found that
intermittent cycling was more effor ontinuous exercise when
both tasks were matched in terms . aged power output,

Athletic performance 1s depsndent upon o..n physical (physiplogical and
morphological) and nan-physical (psychological) factors (Copley, 1977¢).
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Somstimes, athletes appear to lack the physiological or psychological
prerequisites for success and yet perform at very high levels. It is obvious
that morphologicsl, physiclogical or psychological data alone cannot be

used to pradict accurataly success in sport. It is only when the athlsts

is viewed as & complex psychobiclogical organism that coe may predict

ievels of performance with accurecy (Morgan, 1978}, There is little

doubt that only the rare combination of gemetic endowment, generally

good environmental conditions and special training will produce perform-
ances of Dlympic ar top international standard (De Garay et al., 19741,

II. Types of training
Altheugh many individual exsrcises may be used to construct
a great veristy of simpls and/or elaburate training programmes, Munrow
{1982} distinguishss between strength, endurance, mobility and skill

training.

a. Skill training

Skill training or practising involvss the repetition of a
specific skill or technique. Although the saying 'practice mskes perfect'

has received gensral this lacks an impor word.
It is the 'correct' practice that makes perfect. For example, the regular
and repeated practice of a technically incorrsct tennis stroke would
resuli in a perfectly 'incorrect’ -troks. Thers is little doubt that

skill training is sssential for pri. ~iemcy in tennis (Copley, 1975c).

b. Strength training
Strength training mey iz done isotonically, isometrically
or isokinetically.

(i) Isotonic training

Muscle contraction is said to be isotonic when the muscle
shor*ens but the tension on the muscle remains constent [Guyton, 19783,
According to Mathews and Fox (1978), the tension developed by an intact
muscls varies as it shortans over the full range of motion and, there-
fore, the more correct term is dynamlc rather than izotonic contraction.
Classical weight training, or progressive resistence training, still forms
the basis of most strength training. It has the disadvantage of uni-
directional resistance, in other words, always combatting gravity. Howsver,
this disadvantage hss bsen overcome by thse development and use of various
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pulleys, springs and rubber strands, High resistance, low repetition
exercises promote muscular strength and puwer while low resistance, high

repetition exercises promote muscular endurance.

Although it is generally accepted that an incrsase in strength ie
accompanisd by muscular hypertrophy, ne precision has been achieved in
tha attributing of a standerd amount of contractile farce to a unit of

muscle tional area. Typ phy does not, therefore, appaar to be
the inevitable of 81l strength i (Williams and
Sperryn, 1876). Rasch and Morshouse (1857) are of the opinion that
strength increases could well be the resvlt of 'learning'. They found

that strength increases resulting from isotonic training diseppearsd when
their subjects wers tested in unfamiliar positions, even thaugh the angle
of pull in all the positions was carefully standardised

{i1) Isometric training
An isomstriz or statlic muscle contracticn involves an increase

in tension but no change in the length of the musclc (Mathews and Fox,
1976).  In a study conducted by Miller (1857], it was claimed that ane
isometric contraction, held far a few seconds once & day, at 40 percent

of the maximum, would result in the best possible increase in muscular
strength., Howerr, a number of comparative studies of isometric and
isotonic metho -avealed that isctonic training was generally the more
effective methe .Williems and Sperryn, 1978).

Girth differences between the predominantly sctive and less active upper
limb in international tennis players indicate thet intensive habitual racket
imulus that results ip

manipulation provides an isometric training
hypertrophy of the forearm muacles, but th.. tie isotonic stimulus is not
nuscles (Coplay, 1978b].

adequate to bring about hypertrophy of the «

(1) Isokinstic training

This type of training t:i:iu TS special apparatus which
ensures that the tension developed by the - : ~le (shortening) is maximal
over the full range of motion (Mathews e~u Fu., 1876), De Vries (4878}
is of the opinion that this typs of training 1s superior to bath iso-
tonic and isemetric strength training., Plpes and Willmore (1878) found
thet isokinetic trai
strength than did isotonic training. High speed isokinetic training,in

ng produced significantly greater changes in
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particular, was found to be effective

c. Endurance treining
This is the most compiex type of training. A distinction
can be made bmtween local and general endurance training (Os Vries, 1875).

(1) Local endurance training

The basic principle involves exposing muscles to high
lactate concentrecions through maximal work of short duration. This has
the effect of improving the processes which depend upon the high-energy

These provide most of the ennrgy for

aneerobic metabolism (Astrand and Rodanl, 1970). Ancerobic cspacity can
be determined by means of simple field tests such as short or long sprints
more involved laboratory tests such as the step-running test snd even
biachemical analyses at the muscle cell level (Bar-Or, 1878).

According to williems and Sperryn (18761, the endurance of a maximal,
static, muscular contraction rarely exceeds 30 seconds and 1s determined
by the interaction of motivation with psin and exhaustion consequent

upon the production and accumulation of acid metabulites in the active
tissue. Lagsl or mustular endurance can be improved by the specific
strengthening of the active muscles since they then contract at o smaller
percentage of their maximum voluntary force (Kay and Shaphard, 1989).

(ii) General endurance training

This form of training involves activitises which bring about
maximal loading of the oxygen transporting systam. Increases in the
myoglobin centent and more efficient oxldetion of glycogen and fat, result
from general endurance or serobic training (Msthews and Fox, 19783,

Interval training, comprising a system of repested efforts in which & set
distance is run at 2 timed pace e certain number of times with a set rest
pericd betwsen bouts, may be effectively utilized for both local and
general endurance tralning. The shorter work bouts of high intensity
promote strength and anaerobic pawer, while the longer bouts of lower
intensity develop aercbic capacity (Williams and Sperrym, 1976).

d. Mobility training
Joint mobility or flexibility training is necessary for
optimum performenca in sports such as gymnastics, swimming and hurdling.
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\hereas there is generelly no iimit to the desirable degree of develop-
ment of factors such as sidll, endurance and power, mability does haveé
upper limits, When a oertain position required for an activity such
as hurdling can be achieved, then thers is no need for any further
mobilization {Williams and Sperryn, 1878).
TII. Training and exercise in females

Ir ancient Greece women were allowed to participate in run-
ning and wrestling until they were married. Married women wers not
sllowed to participats in any form of sport snd were even barred from
being spectatrma, Thelr practicai role, howaver, was nob ignored and
ghe first prize at the Olympic Gemes was & woman "skilled in the domestic
arts”, whilt the second prize was a pregnant mare (Noakes, 1877).

it is generally belisved that the physical differences betwesn the sexes
is very grest and that women are too 'soft' for sport. Howsver, some
investigations have indicated only small differences between the sexes
while others have actually revealsd femele superiority. Wilmore (1973)
found no sexual differences in running efficiency, musculsr structurs as
revealed by skeletsl muscle biopsies and physiological adaptations to
running or training, Hendel gt al (1976) condusted a study on sedentary
middle-aged males and femsles and found negligible sex differsnces in

both the magnitude and direction of cardio-respiratory trainability.

Heyward and McCreary (1878} found that iLie relestive endurance purformance
al subpeximsl tension levels in females was superior to that of males.
Morimoto et _al (1987) found that women ars able to regulate body temper-
sture with lower sweat-rates than men, a finding corroborated by Wyndham
et al {1885), who reported that females have a relatively more efficient

sweating mechanism than males,

until the age of about 12 the physical maturation of girls slightly
precades that of boys, but after the male puberty boys hecome taller and
develop @ greater muscle and bone mess. Although the male generally hes
areater absolute strength and endurance, these differaences become less
prorouncod when corrections are mede for body size (mass and stature) and
composition (body fat). For exr sple, when muscular strength is expressed
in terms of lean body mass, sex differences are negligible, This indicates
that thers ara na intrinsic qualitative muscular differences between males
end females (Noakes, 1977},
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It has neot yet been established to what extent male-~female differences
in muscular strength signify @ reel hereditary sexual difference, rathar
then differences arising from the cultursl enviranment and soclal mores
which encourage maies to be physically more active. In everyday life
th2 lower limbs of both sexss are subjected to more similar conditions
of physical activity than are the upper limbs, Consequently sex differ-
ences in absolute muscular strength are less proncunced in the legs than
1in the arms and it would appear that cultural differences are partiy
responsible for male-female oiffecences in absolute muscular strength
(Copley, 1977¢).

2.7.3 Maximal asrobic power

A.  Introduction

: *
Maximael aercbic -ower [Vﬂ2 max)’ refers ta the maximal amount
of oxygen that caen be absorbed during strenucus physical activity.
Astrand and Rocahl (1970, p.286) defins maximsl serobi: power as:

*1he highest oxygen uptake the individual can attain
during physical work breathing air at sea level’.

Hill and Lupton (1923) werse the first workers to demonstrate practicelly
the attainment of V0, max. In a study of sthletss they snowsd thet
oxygen consumption (V0,) increasad linearly with ruaning speed until o
point was reached when the V0, remained the same even though the running
. At this point, the V0, constituted the U, max

In racent years maximal asrobic power has received a tremendous amount

speed was increase

of attention and is probably the most analysed end discussed component
of physical fitness (Bar-Or, 1878)., It is reparded by many exercisz
physiologists es the most appropriate messure of cardio-respiratory Fit-
ness and perfiaps sven of physical fitness. Strictly speaking, however
it is not synonymous with the broad concept of physical fitness since it
measures only one element thereof. Nevertheless, the cardio-respiratory
system is always actively involved (tp a greater or lesser extent] in
exerciss and physical work end, therefore, the 002 max is undoubtedly a
major element of physical fitness (Clarke D.H., 1975).

* The terms maximal oxygen uptake, intske, consumption and physical
work capacity, are frequently used to describe maximsl ssrobic power.



Maximal eerobic power may be expressed in absolute (1itres of oxygen per
minute) or relative (millilitres of oxygen per kilogram body mass per
mingte) units. In an endurance activity such as running, where the energy
cost is largely dependent upon body mass, it is more appropriste to express
0, max in relative units, while in sndurance sports such os rowing,
swimming and cycliing, where the body mass is supported, absalute values

are more appropriate (Williams end Sperryn, 19751,

It is accepted by authorities such as Cooper {1868], Astrand and Rodahl
(1870}, B.H. Clarke (1975), Bar-Or (1978), Wright et al (1978), that \702

max (directly measured) provides the best single measure of cardio-

respiratory fitness. Thig statement implies that an individual with the
highest \'/nZ max will have the best cardio-respirstory fitness. Theoret-
icelly this is true but in practice & numbar af additional facters
determine success in aerobic-type activities. For example, an individual
with a lowsr Vaz max may bs more successful in aerobic-type activities
such as long-distance running, cyeling and swimming, than an indivigual
with a higher Onz max. The author contends that Vuz max should be regarded
&% a measure of vardic-respiratory fitness poiential rathsr than as a
measure of fitness per se.

B. The measurement; of VO, max

An individual's VQZ max may be directly measured in a laboratory or

indirectly predicted by means of various submaximal work tests,

I. QOirect method

This is the most objective, reiiable and accurate method of
determining the \74:2 max. The open-circuit method of indirect calorimetry
(desoribed in letail under sub-section 2.7.5) is generally utilized for
the direct meusurement of Onz mox. The subject performs a series of
exsrcise bouts on a cycle ergometer® or treadmill. The exsroiss workioad
is progressively incressed and when the Wi, fails to incresse with &
further increase in workload, the subject is said to have attained his/her
092 mex. An all-oub test is not necessary for the attainment of Vnz max
{Astrand and Rodahl, 1870).

¥ This tnstrument 1s conmonly reserred %o as e bicycle ergomster in spite

of the fact that it usually h snly one wheel (flywhesl}. The more
accurate term,cycle ergometer, .. wsed in this study.
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Although the directly measured 002 max is a highly reproducible character-
istic with a coefficient of reliability of 0,95 and a dey-to-day varisoility
of betwsen 2 and 4 percent {Rowsll, 1874}, severe” studies have indicated
that the veluss cbtained are largely determined by the astive muscle

mass involved [Simmens and Shephard, 1970; Blasauw and Thiart, 18771, the
subject’s physical canditiaon (Saltin EE_EE" 48683, the working posture
(Astrand and Saltin, 1961: Stenberg, 1968) and the type of apparstus used
(karmansen EE,E}" 4870; Faulhner st al., 1971), It is important to dis-
tinguish betwsen the unique or true Vnz max and the 002 peak, the latter
being the highest oxygen Consumption arbained under a specific set of
ciroumstances. Frequently it 3s the U0, peak and not the Vo, mex shat is

measured (Blamuw and Thisrt, 19771,

The direct measurement of V0, max fwe a qusber of disadventeges: it is not
suitable for unconditioned, aged or convalescent subjects because of the
strenucus workloads involved, it is time-consuming, requires expensive
equipment and trained personmsl and it necessitates a high degres of
motivation even in trained subjects (Copley, 1872).

1I. Indirect methods

In view of the practical probleme involved in the direct
measurement of V“z max, a nunber of simpler, shorter methods have been
developed. These methuds usually involve submaximal workloads and are
generally based on the principle of the linear relationship {within
limits) between heart rate, 002 and workload., The indirect methods which
nave a coetficient of variation of between 15 and 20 percent cannot, of
course, replace the direct measurament of VO, mex which hea a coefficient
of variation of bastween 3 and 5 per:ent (Andersen, 1864).

a. Ingirect Y0, max test

This test involves a series of progressively increasing
submaximal workloads provided either by means of bench stepping (Maritz
et al., 1961) or by means of a cycle ergometer (Andersen and Hermansen,
1865). Heart rate is monitored in the finsl minute of each exercise bout
and 1s then plotted on a graph sgainst warkload and the corrsspending
oxygen consumption. A straizht line is drewn through the respective
points an the graph snd extrapolated to the estimated maximal heart rate
[ordinate). From this extrapolated paint a verticsl line is drawn to
intersect the oxygen consumption scale locstad on the abscissa. The
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velus ot this intersection is the predictad VO, msx. According to Astrand
and Redahl (1870), this method often results in an underestimation since
the VGZ may increase relatively more than ths heart rate as the workload

becomes haavier.

b. The Cooper fisld tesi

Cooper {1968) studied 115 male subjects and faund &
corvelation of O,84 between the distance walked or rup in a twelve-minute
period and the directly measured Quz mex during tresdmill running. He
subsequently formulated a useful tabls for the prediction of \/D2 max
{mi/kg/min} from the distance run or walked in the twelve-minute periovd.

According to Wyndham f_ﬁ__a_l (1971), Cooper did not account for the effects
of altitude, age or sex and subseguently propesea that 10 percent bs
tvaken off the values for sach decade after 40 years of age, a further 10
percent for femeles, and 10 percent for each 200 metres above sea level.
A correlation of 0,94 was obtained between + ..+ ~tiy measured \.IGZ max
and that estimated by the Cooper field fest. . La_l‘ €1978) have
found that the Coopsr test is inclined to ove, e the \702 max of
conditioned subjects and underestimate tha ‘/02 max of unconditionsd
subjects. The reason for the overestimation is that the distance

covered in twelve minutes may increase considerably as a result of regular
exercise without a concomitant increase in the actual Vnz max. Wyndham
et al (1871) have suggested that differsnt regression lines for the
Cocper test may be needed for the very fit, the fit and the very unfit.

Although the Cooper test is a useful, practical method of assessing the

002 max, its vaiidity is largely dependent upon the motivation of the
subject. Since the test reguires the subject to cover the greatest poss-
ible distance in a twelve-minute pericd, it is obvious that it involves

& maxinal or near maximsl workload., As in the case of the direct VO,

max test, it is not suitabls for unconditicned, sged or convalescent

subjects.

c. The Astrand-Ryhming namogref
From data obtained in & study conducted at sea-level
o 27 male and 31 female subjects, Astrand and Ryhming (1854) constructed
a nomngram for the prediction of Vnz max. The nomogram, which is probably
the most frequently used indirect method (Terry st al., 1877), is based
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on the principls of the linear relationship (within limits) batween heart
rate, \'102, cardiac output and workload. The predictive validity of the
nomogram has been substantiated by a number of studiss, Astrend and
Ryhming (1954) reported a validity index of 0,708 when values derived
from the originel nomngram were correlated with values obtained from the

direct measurement of VU, mex.

An sge correction fector was introduced by I. Astrend (1360) when it wes
found that the values obtained for subject over the age of 25 years wers
being consistently oversstimated. Utilizing the adjusted nomogram
{Figure 2, Chepter 3), I. Astrand (1960} reported a validity index of
0,778. Similar volidity indices have been reported by Rowell et al
(1984}, Glassford et al 1965} and Oavies (1968).

The Astrand»ﬂyhming test involves cne submaximal, six-minute workload on
either & treadmill or cycle ergometer, or by means of bench stepping.

The step test invoives a stepping rate of 22,5 steps per minuts and bench
heights of 40 and 33 centimetres for maies and females respsctively. The
subject’s body mass provides the workload., In the final minute of the
exarcise bout the heart rate, which should fall within the renge of 120
and 170 beats per minute, is recorded. A line is then drawn between the
Potnts on the heart rate scale and the body mass or U0, scales® At the
point where this 1ine intersects the middle scale, the precisted VO, mex
(&/min} is read off. An age correction factor {Table I, Chapter 3) is
used for subjects younger than 25 and oldsr then 34 years.

Studies by Glassford et al (1985), Wyndham (1867) and Davies (1963} have
revealed that o relatively high workload intensity, with a heart rats of
180 to 185 beats per minute, is nacesssry for the Astrand-Ryhming test to
yield its most accurste prediotion of \:'Dz max.

The adjusted Astrand-Ryhming nomogram was utiiized in the present sbudy
because of its international recognition and also becauss it constituted
the most practica} method of essesaing Oﬂz max in this field study.

The stendardised Astrand-Ryhming step test constitutes a very light work-
load to the conditioned subject and rarely induces a cardiac freguency in

*®The line is not drawn from a point on the tycling workload scale
but from a corresponding point on the V0, scale. The \irectly
measured VO, during stepping, cycling or running may also be used
in the nomofrem to predict \'/02 max.
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excess of 120 beats per minute. Consequently, it was decided to use the
cyele ergometsr on which workload could ba adjusted according to the
capacity of the individual, In addition, the 002 during the cycling
workload was determined to compare the values obtainec from the nomogram
when workload and heart rate, and Vi, and heart rate wers used to

predict Ouz max.

C. Ressarch findings

The V0, mex (ml/kg/min} of male and female athletas hes bean
Found to be approximately twice as high as that of sedentary subjects
(;\strend and Rodahl, 1370; Costili, 1878). Success in endurance activities
is determined not only by the actuasl size of the asrobic capacity but alsc
by the apility to utilize a large percentage of the 002 max without
increasing blood lactate levels, While conditioned athletes can utilize
as much as 80 percent of their ﬁuz max for prolonged pericds, this figurs
is only ahout 40 percent in unconditioned subjects {Costill, 1979).

The influence of hersdity and physical training on the U0, max has been

of particular intsrest ta the exercise physiologist. It is now generally
acosptad that an individusl's Vo, mex is largely genetically determined
(Geddar, 1960; Astrend and Rodahl, 1970; Klissouras, 1871; Wessels and
Thiart, 1977; Wolafiski, 1878). Studies by I. Astrand (1360), Wyndham

et al (1968), Eriksson (1872) and Wessels and Thiart (1877) heve indicated

that training can bring about an improvement of only 10 to 15 percent in
the relative Ouz max (ml/kg/min}, This improvement appears to be the

result of an increased arteriovenous oxygen diffsrence end stroke volume
(Ekblom et al., 1868). Astrand and Rodahl (1870) ere of tha opinion that
the VD,
between the ages of 10 and 20 ysars.

max may be significantly influsnced by training in early life

Other studies, notably those of Ekblom (1989) and Hickaan et al (197 ,, have
reported incrsases in 902 max of as much as 55 percent after training. A
possible explanation for these findings may well be that the initial pre-
training sssessment constituted the VO, pesk and not the trus U0, max
because the subjects were unaccustomed to the strenucus physical demands
made by the test. Hawever, sfter a period of training the subjects
developed a grester exercise tolerance snd, conssquently, were sble to
achieve their true U0, max in the post-training assessment. It should be
pointed out also that a marked improvement in the relative VO, max
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(ml/kg/min) may be the result of a significant reduction in body mass and

not of an improvement in cardio-respiratory function.

The V0, max appears to be limited by the following factors: diffusion
capacity in the lungs and muscle tissus, pulmonary ventilation, cardiac
output, oxygen carrying cepacity of the blood, ospillarisation of muscle
tissue and oxidative processes in the muscle cell (Noakes, 1872},
According te Jooste st sl (1975), the largest increase in the VO, max
ocours betwesn the ages of 10 and 15 years. After the age of about 30
there is a decrease in V0, max which appears to be caused by a reduced
stroke volume, maximal hesrt rate, maximal pulmonary diffusion capacity
and elasticity of the myocardium and blood vessels. Habitual training
appsers to reduce the rate of decline in physiclogical functions assos-
isted with ageing (Webb st al,, 1977),

2.7.4 Mechanical efficiency

To those engaged in physical activity, efficiency or the ability
ta accomplish the most with the least effort, is an important consideration.
Efficiency of physical performence is sxpressed as the ratio between the
physiclogical effort required and the physical work accomplished, The
physiological effort is determined from the oxygen consumption [0021.
while the physical work is calculated from the applied force (weight) and
the distance through which the force is applied. Both Vuz and work are
eonverted to caloric or work rate squivalents. When the physical activity
involves a steady state condition, the Ouz need only be determined during
the work peried in order to assess the caloric output. However, when the
activity is partly anaerobic and no ateady stata\is reached, the determin-
ation of caloric output necessitates tiz measurement of \702 during both

the work and subssquent recovery periods.

A. Types of efficienc

Depsnding on tha base-line corrsction factor, efficlency (%]

can be expresssd as gross, net, absnlute (work) or delta
{Alpert, 1985}. The formulae are:

ficiency

ME {Gross) = -‘é! « 100

ME (Net} =
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ME [Absolute) = . 100
ME (Delta) = AW . 100
AE
where W = caloric equivalent of external work performed,
E = gross caloric output, including resting, exercising
and recovery metabolism,
L = resting metabolic caloric output,
€, =  gross calovic output, loaded,
Eu = gross caleric output, unloaded,
AW = caloric equivalent of increment in work performed
above tha previous work rate, and
88 =  dincremsnt in caioric output ahove that at previous rate

While the efficiency of the electric motor is extremely high (80 to 90
pereent), it is considerably lower in the human bpdy and vsries between
about 10 end 40 percent (De Vries, 1975). Although it is possible to
assess the efficiency of varicus systems in the body, such as the cardio-
vascular and respiratory systems (Morehouse, 1872), efficiency generally
refers tn musculsr efficiency in the body. The improvement of physical
fitness signifies increased mechanical efficiency since it ia then possible
to produce more work with the same caleric autput or to produce a given

amount of work with & smaller caloric output.

8. Research findings
The importance of mechanical sfficiency depends to = large
extent on the duration of the physical activity. In activities where a
single explosive effort is required (e.g. jumplng and throwing), it is
obvious thut power rather than efficiency is the critical factor. On the
other hand, physical activities involving endurance are greatly influenced
by musguler sfficiency. It 13 not surprising, therefore, that running

efficiency has been found to be 5 ta 10 percent higher in marathon than
in widdle-distance runners {Fax and Costill, 1872). Muscular efficiency
is influenced by & number of factors such as skill, dist, body size and

mass, snvironment, speed of movement, workload end fatigue {De Vries, 1875).
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Reasonably accure . tstimates of work output are possible during tread-
mi1l, cycle srgom:.er and step testing, but in many other physical
activities it is impossible to calculate accuratsly the external wark
output. This is due to the difficulty of estimatisg the energy absorbed
in frictional heat lass and the work involved in maintaining static
loads, overcoming wind resistance and the acceleration and decelerstion
of the arms and legs (Falls, 1868). Cinematographic analyses provide a
means of assessing the work sutput of some physical activities, as Femn
(1930) demonstrated in his study of the forces and energy involved in

rupning.

Heat acclimstisation over a period of seven days was shown to improve the
mechanical efficiency of treacmill running at room tempersture (Jossts
and Strydom, 1978), In Black mine workers, gross mechanical efficiescy
during cycling was positively correlated with stature and negatively
correlated with mess (Williams et al., 1986),

The influence of air resistance (external force) on mechanical efficiency
can be quite considerable,as & study by Di Prampers et al (1976) ravealed.
The efficiency of top class, long-distance runners (running st a speed of
22km/hour) and cyclists (aycling at a speed of S0km/hour) was Found to be
40 and 25 percent respectivaly. Both groups had similar oxygen con-
sumption values. The difference in efficiency was attributed to the
forees opposing prograssion, Whereas only 7,5 percant of the total
external work was used to overcoms air resistance in running, nearly all

the extarnal work was used to overcoms air resistance in cycling.

The influence of skill on mechanicel efficiency was demonstrated by
Wyndham and Strydem {1871) in a study of champion walkers. The technique
of rolling the pelvis, which constitutes the skill aspsct of competitive
walking, was shown to improve significantly the mechanical efficiency of
walking at speeds in excess of 8,1 kilomatres per hour. These workers
found that, st speeds in excess of 8,1 kilometres per hour in normal
subjects and at speads in excess of 9,8 kilometrss per hour in champicn
walkers, it was actually more efficient to run than to walk.

Although it is obvious that any method of determining mechanical efficiency
is subject to criticism, research workers appear to have definite prefer-
wnces. Durnin (1955) is of the apinion that little purpose is served

by quoting efficiencies other than the gross effigiency. Benedict and
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Cathcart (1913), on the other hand, belisve that gross efficiency is of
1ittle value since it does not indicate the potentialitiss for severe :
muscu.ar work and gives no conception of efficiency of ths body as a

mac:.ins,

Dickensen (1928) and Gaesser and Brooks (1975) have found that although
the sbsulute (work) efficisncy formula is theoretically sound, it is
difficult to apply in practice because of the problems encountered in
obtaining the cslsdc cost of unloaded physical activity, Whipp and
Wassarman (19697 develaped a novel theoreticsl-thermodynamic eppraach
which was used to validate the various sfficiency methods. They cancluded
that the sbsolute or work efficlency method was the most s litable

Gaesser and Brooks (1975) are of the opinion that the delta formula pro-
vides the most accurate and appropriate method of assessing muscular
efficiancy since it correctly indicates the linear or slightly exponential
relationship batwsen caloric output and work rate

The determination of an individual's efficiency during the performance of

a particular physical task provides useful and interasting inf an
Ideally, of course, this determination should be mede under the conditions
in which the physical activity would normally and practically take place.
Unfortunately, standardised work tests under laboratory cunditions are
nscessary for the accurate determination of mechanical efticiency. This
1s primerily due to the difficulty of accurately measuring external work

output. Even with sophisticated oi phic analytical

it would not be possible to measure accurately the external work uutput
of the tennis player.

An estimation of the efficiency of tennis playing was made in this study
by expressing 002 during tennis playing as a percentage of 002 max. In
contrast to the conventional expression of mechanical efficiency, the
lower the derived percentage of this expression, the greeter the effi-
ciency. Although treadmill running more closely resembles the tennis
playing activity than cyoling doss, it was felt thst cycling efficiancy
would nevertheless provide useful information about the muscular
efflciency or physicel fitness of ter s players. Net efficiency, which
is the most frequently used traditional method (Gaesser and Brooks, 1875},
was therefor during steady-state cycling in the present study
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2.7.5 Energy expenditure

Information pertaining © the energy axpenditurs* of different
kinds of physical activity is . only of theoretissl intersst, but
also of practical importance. . .ides providing data concerning the
enargy cost of physical activity, it also provides informstion concern-
ing the caloric output required for the maintenance of body mass. This
is particularly important in countries whers the economy is poar and
food aveilability restricted, or when rationing programmes are devised

during wer time or other emergencies (Astrand and Rodahl, 1870).

A, Methods of calorimetry

Two methods, direct and indirect calorimetry, may he utilized
to measure energy expenditure. Several different but related units may
be used to express energy expsnditure. Thase most cowwcnly used are:
keal/unit of time, V0, litre/unit of time, VO, mi/kg body mess/unit of
time and multiples of hasal metabolic rate (Met). In indirect caler-
imetry when emergy cost is expresssd in kilooalories (kilojouls is the
Standard International unit of energyl, the calorific value of oxygen is
simply multiplied by the \'/EIZ. In actlvities involving anaerabic metabolism,
the RG and calorific valuss of oxygen are subject to imaccuracies and

then energy cost is often expressed in terms of Ouz (litres per minutel.

I. Direct palorimetry

Dirsct calorimetry involves the measurement of heat pro-
duction by msans of a special chamber or bomb calorimeter. Towards
the end of the 18th century, Rubner demonstrated that the energy pro-
duced by the metabolism of foodstuffs is exactly equal to the heat
produced by the body (Mathews and Fox, 1878). Because of the expense
involved and other practicel Pactors, direct calorimetry is seldom used
by the exsrcise physiclogist as a means of measuring ensrgy expenditure
(De Vries, 1975).

II, Indirsct calorimetry

Energy expenditure is directly related to the utilization
of oxygen and ths production of carbon dioxide. The measurement of the

* The tarm oaloric cost or output is frequently employed to describe
energy expenditure.
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quantities of thesr two gases in the expired air consiitutes what is

known as indirect calorimety. This process is much simpler than direct
calor .metry ard is commoniy used i exercise physiology. There are two
technigues of indirect calorimetry. namely, tha open-circuit and closed-

cirguit approsaches.

a. Closed-cirsufif

i In the slesed~circuit method the subject is connected to
! an oxygan chamber by a face mask and series of pipes. The expired eir
is refurned to the chember vis 2 soda lime cannister which absorbs all
the carbon dioxide, In this way it is possible to monitor and recorg on
a kymogram the oxygen remsining in the chamber st the end of each
respiratary cycle. Although this method has the adventage of simplicity,
it has two serious drawbacks (Ds Vriss, 1975). First, resdings abtalned
in this way yisld values that are 10 percent of the trus valve and
sscondly, since the carbon dioxide production is not measured, it is not
» passible to determine the respiratory guotient sccurately,

B b. Open-oirouit
The apsn-circuit methad of indirect calorimetry is most
fraquentiy used, sven though it fs more invalved than the closed-cirouitb
technique. The high degree of accuracy {error = 1 perzent) and the fach
that the oarbon dloxide cancantretion snd thus She respiratory quotisnt
may be determined, are probably the main reasons for its ganeral
preference, In the open-eirtuit methed the subject inspires directly
3 from the atmospheric air and then expires into a container, The expired
@ir is analysed to determine the oxygan and carbor dioxids concentrations.

In this study, porteble respirometers and electronic gas analysers were
used in the open-circuit method of indirect calorimetry to determins
both the absolute (ki/min) and relative (V0, % V0, max) energy costs
of singles tennis plaving., This measursment was included to establish
the energy vust of sxpert tennis players and to determins whether there
was an inverse relationship between enmergy cost and tennis proficiency
Studies by Karpovich and Millman (1947) and Banister gt sl (1984), for
example, have shown that this inverse reletionship applies fo swimmers

and handball players.
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B. Results of studies on energy expenditure

Energy cost may be influenced by & number of factors such as
envirenmental conditians, posture, skill, VO, max and the number of
actively involved muscles (Astrand and Rodahl, 1870). Clearly, therefore.
reported values should be recognised as everage values for particular
activities,

Van der Walt snd Wyndham (1973) heve developed regression formulae for
the prediction, from body mass and spsed,of energy expenditure (VO,)
during running and walking. Hesrt rate and pulmonary ventilation (V)
mey alss be utilized to predict Ui,. The lstter approach eppears to te
more avcurate than the farmer (Wyndham, 1874).

In a study of & large varisty of aviivitics, Passmore and Durnin {1955}
found wide individusl variation in energy expanditure,depending on
profession, leisure and recreational activity. They reported values
ranging from 7 kilojoules per minute for miscellaneous office work to
778 kilojoules per minute for sprint running. The energy cost of singlas

tennis playing was reported to vary between 29 and 42 kilajoules per minute

by Passmore and Ournin {1855).

Telemetered heart rate was used to assess the relstive strenuousness of
singlas tennis playing (Kozar and Hunsicker, 1953). The results indicated
that peak heart rates were ettained after B minutes and that tennis
playing was not a steady-state activity because of the ever changing
cardiovascular responses to the varied demsnds of physical and mental
involvement. Skubic end Hodgkins (1867) raported a mean \'IUZ value of
1,33 litres per minute for singles tennis playing. This was classified
as moderately strenucus and was very similar to the value cbtained in
singles bedminton playing. This 002 is eguivalent to an ensrgy expendi-
ture of about 28 kilojoules per minute if the calorific value is taken as
5,0 kilocelories per litre of oxygen. Squash appears to be the most
strenucus of the racket sports and values ranging from 44 to B4 kilo-
Jjoules per minute have besn reported (Passmare and Durnin, 1855).

An engrgy expenditure value represents only the energy cost of work
{sbsolute cost) end does not reflect the relative strenuvousness or strain
imposed upon the subjact performing thic work. Two methods generally used

to assess relstive energy cost are to express 002 as & percentage of 032
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max and to express snergy cost in terms of multiples of the basal
metsbolic rate (Met). When the activity is standardised, these methods
also provide an indication of mechanical efficiency.

In & study by I, Astrand (1867), it was fourd that menual labourers who
were free to set their working pace had an ensrgy expenditure which was
normally 40 percent of thelr Qaz max. Obviously, the higher the Vnz max,
the smaller the VO, and subsequent fatigue for a given worklosd. This
inverse relationship betwaen VD2 max and fatigue was appropriately cemon-
strated Dy Hansson {1885) in a study of lumberjacks. The subjects wers
divided into two groups on the basis of earnings. Skill and muscle
strength differences between the groups were small but the high income
graup had a significantly grester 002 max then the normal income group.
Owing to his supsrior VDZ max,the top worker was able to attain a higher
work output and became less fatigusd than his less-productive collesgue.

2.7.6 Ihermoregulation

Although a suitably protested man may tolerats extreme variatians
in environmental temperaturs (betwesn -50°C snd 180°C), he can tolerats
& veriation of only about 4 degress Celsius in his own desp bady temper-
ature without merked impeirment of his optimsl physical and mental work
capacity (Astrand and Rodahl, 1870).

The temperature-regulating centre is located mainly in the hypothalamus
An elevated body temperature stimulates the anterior hypothalamus and
this results in an increased heat loss from the body in two principal
ways: vasodilatation of peripheral blood vesssls which increases the
heat, transfer from the ‘cors’ to the 'shell' and, stimulation of the
sweat glands rasulting in evaporative heat loss. A reduced body tempera-
ture stimulates the posteriar hypothalamus,resulting in increased
metabolic heat production by shivering and reduced heat loss (radistion
and convection) by vascconstriction of the psripheral blood vessels.

A brief discussion of sweat-loss and liquid balance in the human body is

presented.




A, Water laoss

"0 order to maintsin a liguid balancel water loss must equal
water intake. According Lo Astrand and Radehl (1870}, the nc-mal total
daily 1oss of water from the humen body is about 2,6 litres,of which
200 millilitres is lost from the gastro~intestinal tract, 400 milli-
litres from the respiratory tract, 500 millilitres from the skin and
4,5 litres from the kidners. This loss is balanced by an intake ef 1,3
litres of weter Ly orinking, 1,0 litres of water in ingested food and
300 millilitres of water liberatsd during cell oxidation. Of course
when the bady 45 subjected to physical exercise and/or a hot environment,
water loss by sweating may inorease considerably.

I, Sweating

The eveporation of sweat from the skin surface plays a
major role in reducing an slsvated body temperaturs. In fact, when the
environmental tempersture is higher than thst of the body, evaporative
heat loss is the only means of thermorsgulation, Since about 89 percent
of sweat is water, it is wsll sulted for its role in svaporative cooling.
At normal skin temperature the evaporation of one gram of sweat requires
0,58 koal (Astrand and Rodahi, 1970). Sweating may cammonly excesd 2 or
sometimes even 3 1itres per hour (Robinson and Robirson, 1554; /‘\strand
and Rodahl, 1870). A study by Dancaster and Whereat (1871) revesled that
runners competing in the Comrades Marathon (94 km) had total sweat-losses
ranging from 4,3 to 12,8 litres,

Swsat-rats,ﬁ which is an indication of the magnitude of heat stress, may

be determined by the of ap! ion or sweat run-off from the
skin by means of sither the net body mess change method or, an infra-red
gas analyser {Robinson and Robinson, 18543, Nedel st al (1871) have
develeped & formula for predicting sweat-rate in which skin wetness,
state of ecclimatisation and 1 and skiliy are used,

*1he terms liguid and luid ave often used synonymously. A fluid
rafers to a gas or & liquid. It is more asppropriate, therefore, to
refer to e liquid balance rather than to a fluid balance. Liguiu
intake is also a more appropriate term than fluid intake.

#* Sweat-rate may be expressed absolutely in litres or grems per hour,
or relatively in litres or grams per square metre of body surface
area per hour.
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In this investigation sweat-rate was determined in order to assess the
magnitude of hest stress in professional and amateur tennis players
The change in net body mass was assessed as this method is particularly

suited to field studies.

Heat acclimatisation increases the sensitivity of the sweat-rate response
as well as the sweat production. This increased sensitivity initiates
the sweating response sooner than would narmslly be the case. According
to Knip {1975), the incressed sweat production 1s the result of an
enhanced secretory activity L/ the individual sweat glands and/or an in~
craass in the number of glands brought into action. The latter process
appears to make the most significent contributlon to the increased rate

of sweating.

When sweat-rate is expres: per degree of rise in rectal temperature,the
relative degree of heat acclimatisation mey be assessed (étr‘ydnm et al.,
1865}, Pandolf et al (1977] are of the opinian that nardia-respiratary
fitness is a prime factor in the ability to become acclimstised to heat.
These workers have daveloped a formuls for the prediction (from Quz max)
of the day on which optimum hest scclimutisation will be attained when a

prescribed acclimatisation programme is being followed.

Hidromelosis (reduced sweat-rate) occurs when the body is expossd to heat
for extended periods (> § hours). Wyndham gt 51 [19BB) are of the opinion
that hidromeiosis is due te fatigue of the sweat glands, while Falls and

Humphrey (187B) support the theory that hidromeiosis is directly related
to the wetness of the skin. According to the latter worksrs, hydration
of the stratum corneum causes a swelling of the sweat gland duct which
inhibits sweating.

II. Dehydration

Oehydration or hypohydration may occur when a high sweat-
rate is meintained for prolonged pericds. A large amount of the liquid
lost during exercise is drawn from the intracellular space and not from
the plasme as is geperally believed {Costill, 1878). According to
Astrand and Rodahl (1870), tempersture regulabion in the body has priority
over water regulation and, consaquently, dehydration msy reach s stage
when it becomes a threst to life, Physical work capacity is reduced by
dehydration even if the weber loss constitutes only 1 percent of the
subject's body mass. Although the body can tolerate a mass loss of up
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to 3 percent, larger losses rasult in progressively higher rectal tem-
peratures. The danger Zone of 40 degrees Celsius is reached at a §

percent mass lass {Williams and Sperryn, 1978).

III. Liquid intaks

The maximum emount of liguid that can be absorbad during
physical activity remains a debateble point. Williams and Sperryn (1976)
reported a value of 0,8 litres per hour, while Costill (1878) belisves
that €,5 litres per hour is the meximum amount that cen be absorbed.
Besides indicating the range of subject variability, these findings show
conclusively that Lhe rate of gastric emptying (0.6 to 1,5 litres per
nour} cannot metch the rate of water less during profuse sweating (2,0
to 3,0 litres per hour), Thersfore, it is evident that dehydration is
inevitable (to & lesser or grester cegree} in individuals who participate
in strenuous endurance-type activities, Costill (1979, p.66) states:

Y ate that are
physically incapeble of consuming sufficient amounts of
fluids to keep pace with sweat losses’.

Accarding to Astrand and Rodahl (1970), the rats of absorption of water,
glucose and other minerals in the gastro-intestinal tract is unaffacted

by exercise involving 70 percent or less of the 0n2 max

A grest variety of replasement liquids, ranging from plain water to liquids
with varying concentrations of gluccse and mineral salts, have been
proposed for sports participants. Whils the ingestion of liguid contain-
ing glucoss may have the advantage of elevating blood glucoss levels, it
bas the disadvantage of causing s marked raduction in the rate of gastric
emptying (Astrend and Rodahl, 1870; Costill and Saltin, 1874}, Benade

a@nd Joosta (1978) found that an orally ingested solution of 8 percent
sucrose wes, for long-distancs runners, the most suiteble of the three
solutions they tested. These workers studied the effects of this sclution
compared with those of water and a solution containing sodium, chloride,

potassium and sucrose (8%), as well as to the sffects of drinking no water.

A number of studies (Ladell, 1955, Costill st al., 1875; Jooste gt al.,
1678; Shapiro gt al., 1978) have indicated that the ingestion of salb

(sodium chloride) during sndurance sctivities in hot environments is of
1little physiclogical benefit and, under certain conditions, is contra-
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indicated. Since sweat is hypotonic to body liguide, relati
3iquid than salt is lost during sweating. This has the effect of in-
creasing the comsentration of salt in the body. The ingestion of

y more

additional salt compounds tl
significant increase in rectal temperaturs (Shapiro et al., 1978).

Additional salt is necessary only when prolonged daily physicel activity,

position, Salt loading may even cause a

resulting on profuse sweating, is continued for a week or longer (Aetrand
and Rodahl, 1870):

A litre of cold water (4°C) cantslning less than 25 grems of glucoss and
few 1f any elsctrolytes (at most 2 grems of salt] and, having an csmolality
of about 200 milliosmol per litre, is regarded by Costill (1878) as the
most suitable for ingestion during physical activity. Of course, the
1iquid should be ingested in small amounts (100 - 200 ml) st frequent

intervals,

A number of commercial firms produce replacement liguids which are claimed
to be superior because they are isotonic. However, it is unlikely that
these 1liquids do what is claimed, since the osmolality of the body liquids
not only differs from person to person but continuslly changes in the
extracellular and intracellular compartments during strenuous physical
activity.

Competitive tennis playing frequently necessitates pralongsd strenuous
physical activity and exposurs to heat. Many players either do not ingest
any liquid or commence doing so towerds the end of the mstch. In both
instances it is very likely thaet the player will become dehydrated and

that performsnce will be influenced. Sin
intestinal trasct continues at a constant rate, the player should comwence
drinking at the start of the match. It is unlikely that a player will

absorption from the gastro-

be able to 'catch up' once a water deficit has been incurred (Copley,
1878a).

2.7.7 Respiration
A metabolic link with the atmosphere is established by the act of
bresthing. The consumption of oxygen is dependent upon the maintenance

*l\ Fluid into which normal body cells can be placed without causing

either swelling or shrinkage of the cells is said to be isotonic
with the cells (Guyton, 1976).
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of . free airpassage and the proper diffusion snd transportation of res-
piratory gases. Normally respiration proceeds extremely well and

efficisntly and is not a limiting factor in exercise (Clarke D.M., 1975).
The measurement of pulmonary function and efficiency involves the deter-

mination of various static and dynsmic pulmonary volumes.

A. Static volumes

when the respiratory muscles are relaxed, the amount of air
left in the lungs is the functional residual capacity (FRC). A forced
maximal expiration reduces this volume to the resicual volume (RV) by
expiration of the expiratory reserve volume (ERV). A maximal inspiration
from FRC adds the inspiratory capacity [IC) and the valume of air in the
lungs is the total lung capacity (TLE). The vital capacity (VC) is the
maximsl amount of air that gen be expelled from the lungs after a maximal
inspiration, The tidal volume (TW) is the amount of air moved during
each respiratory cycle. The inspiratory reserve volume (IRV) is the
difference between the IC and the TV,

The vital cepacity and its subdivisions are usually measured with & spiro-
meter while the RV and FRC may be determined by the gas dilution, gas
wash-out or body plethysmograph methods [Astrand end Rodshl, 1870). The

static pulmonary volumes and capacities are converted from ambient

s and p d (ATPS) to body temperature and pres-
surs saturated (BTPS), since the volume of air and not the number of gas
molecules present is of particular concern. All respiretory gas measure-
ments dealing with volume only should be corrected to BYPS (Mathews and
Fox, 1978).

The VC, RV and TLC sre related to hody size and, according to Astrend
and Rodehl (1870}, vary spproximately as the cubs of a linear dimension
(stature] up to the age of 25 years. Hepper et al {1960} have proposed
a formula for the prediction of VC from steture. Although the magnituds
of the VC cannot be considered as & criterion of physicsl fitness per ss
Bolke (1974) mainteins that it has an essential bearing on the msximal
breathing capacity. Wnile only about 20 percent of the VC is used during
rest, this volume can be increased to betwesn 86 and 75 percent during
strenugus physical exsrcise. An oxygen consumption of 4 litres per
minute or more,requires a VC of at least 4,5 litres (Astrand and Rodahl,
1970,
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The effects of training on the VC have been extensively studied but the
results show no genersl sgresment, Sechman and Horvath (1968) found a
significant increase in the VC of swimmers undergoing a 4-month training
programme. This increass was the result of an increased IC, A group

of wrestlers wss studied but. in contrast to the swimmers, no significant
changes in VC were found after a 4-month training period, Shaver (1874),
on the other hand, studied a group of university wrestlers and found that
in significant increases in VO

& B-month training programme resul
There is iittle doubt that s thorough assessment of alterations in the
respiratory apparatus requires a study of a number of static as well as

dynamic pulmenary valumas.

8. Oynemic volumes
The functional capasity of the respiratory system mey be
assussed from the forced expirstory volume (FEV,) snd the maximal voluntary
ventilation (MW) or maximsl breathing cepacity. A spirometer is commonly
used to measure these dynamic velumes. Kory (1961) has developed a
formyla for the prediction of MW from staturs and age.

The FEV1 is the maximum amount of air that sen be expired in one second
after a maximel inspiration, The maximal flow is limited by a rising
flow resistance and the rate at which the muscles convert hemical into
mechanical energy (Astrand end Rodahl, 1870). The FEV,1 is ususlly
expressed as a percentage of the VC and is then referred tc as ths forced

expiratary volume index (FEV1 I3.

The MWV is usad to assess the mechanlcal properties of the lungs and chest
wall and 3t provides a fiessure of the oversll capacity of the hreathing
apparstus to pump air, According 4o Astrand and Rodahl (1870), the
maximel air flow during shert periods of peak expiratory flow may be as
high es 400 litres per minute. A iimiting factor is the rising air-fiow
resistance in the trachscbronchial tree which becones propressively
compressed with increasing intrathoracic pressure. The pulmonary ventila-
tion (V) veries from ebout B litres per minute st rest, to about 150
litres per minute and higher during maximal physical exercise. The V. is
usually lower during maximal work than during the measurement of the MW

(Rstrand end Rodshl, 1970).

The larger the tidal volume and the lower the respiratory frequency for
a given total ventilation, the greatar is the sfficiency of puimonary

i
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ventilation (Balke, 1874). The ventilation-oxygen uptake retio (QE/VDZJ
and the ventilation-perfusion ratic may also be used to evaluate ventila-
tory efficiency (Edington and Edgerten, 19761,

The effects of training on the functional capacity of the respiratory
system have been sxtensively investigsted, In contrast to the conflicte
ing raports cancerning the affects of training on static pulmonary
volumes, there is gsneral agreement as to the effects of physical activity
on the dynamic pulmonary volumes. O.H. Clarke {1875, p.171-172) states:
fThe effect of training on ventilation can best be described
as ane of improving the efficlency of breathing
trained individual reducss the rate of breathing and in~
craases the depth, yst for a given level of submaximal
exercise he is able to echisve a V0, with less overall
respiration, This means that he is“able to extract a
greater proportion of uxygen from the air he breathes than
the unirained person. The air is now able to reach & wider
aiveolar erea at rest and during exercise; in short, there
is an increased aeration es a result of training’.

In a study by Scotti (1962), it was found that football players had signifi-
cantly grestar FEV, and FEV, I's than sedsntery subjects. Zamora (1864)
reported incresses in MW with training. A 4-month swimming programme
resulted in pronounced decressss in FRC, RV and the RV/TLC ratio, which
indicated an improved alvealer ventilation (Bachman and Horvath, 1368).

A B-month training programme produced significant impravements in the MWV
of wrestlers (Shaver, 1974).

In the present investigation, the followlng static and dynamic pulmonary
volumes were determined: tidal volume, inspiratory
regserve volumz, expiratory reserve volume, inspiratory caspacity, vital
capacity, forced expiratory volume per sscond and forced expiratory
voiume index. These messurements were taken to assess the effects of
professional and amateur tennis competition and training on the structure
and function of the respiretory system.

2.7.8 Flexibility

Flexibility is genarally descrited as anything capsbls of being
flexed, turned, bowed or twisted without bresking. Flexibility as it
relates to the Joints of the human body can be elther dynamic or static
{0e Vries, 4975). Dynamic flaxibility is a measure of the resistance or

opposition offered by a joint or sequence of joints to motion. It is
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concerned thersfore with the forces that oppose movement over any range
rather than with the range itself. Stetic flexibility is defined as the
range of possible movement about a joint or sequence of joints.

The ability to mxtend and flex & joint through a wide range of motion is
very different from the ability to repidly move a joint with little
resistance to the motion. De Vries (1975) is of the opinion that dynamic
Flexibility provides greater insight into the potential performance in
speed activitiss than does static flexibility or the ability to achieve

an extreme degree of flexion or extension in a joint. Dynamic flexibility
is more difficult to measure than static flexibility and this is probably
why the latter. in contrast to the forwer, has been extensively

assessed and investigated.

A. Dynamic flexibility
This may be assessed by directly measuring, with a spacial
dynamameter, the torque forces required to move & joint through various
ranges of motion st varying speeds. In a study by Wright and Johns
£18803, it was found that elasticity and plasticity were the mejor
factors contributing to reduced dynamic flexibility in the wrist and
finger joints. Although this techniqus does not appear ta have been

applied to in physical p T it dees, according to De
Vries (1875), have distinct possibilities for such use.

Anottar less sophisticated method of assessing dynamic flexibility was
developed by Flelishman (1954}, The test involves the execution of a
srries of prescribed bending, twisting and turning movements of the
trunk in a set time. It is primarily a measurs of dynamic trunk flexi-
bility and, as in the case of the more sophisticated method, has not
been widely used. In a previous study by the suthor (Copley,-1976a),
male imernational tennis players were found Lo have significantly
greater dynamic trunk flexibility as measured by the Flgeilshman test,
than male provincial and club temnis players

B. Static flsxipbility
I. Birect method
Static flexibility cen be sither directly or indirectly
measured. In its classic form the direct method utilizes a goniometer,
whigh is a protracto;~1like device used to measure angles. Applied here,
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1t measures Lhe angle through which iwo segments of the body may move
vis-a-vis each other, Since body parts are hot regulsr geometric forms
it msy be difvicult to decide the position of the axes of the bany
lever system. Hence goniometric measurements may have a high cbhserver

error,

A simple but ingsnious device developed by Leighton (1855}, the Leighton

1 , largely overcomes the di tage of the goniometsr. The
flexometer is attached to a body part end resords the range of motion

in degrees in respect of a perpendicular related to the pull of gravity.
It may be usad to measure the static flexibility of 19 joints throughout
the body including the trunk and the extremitiss. Reliability co-
efficients of batwesn 0,90 and 0,88 have been obtained by Leighton (1955)
and H.H. Clarke (1875). The Leighton flexometer was used to measure
static flexibility in the pressnt study, because of its prasticelity,
versatility and sccuracy and becsuss it hss been much used in the study
of sport perticipants. Static flexibility wes to investigate

the long term effects of intensive tennis playing on joiat motion.

II, Indirect method
The indirect method of assessing static flaxibility

involves measuring how closely a body part oan be brought into
position with another body part or some other refsrence point. A number
of tests heve been devissd by Curston (1851), Wells and Dillon (1852),
Kraus and Hirschiand (1934) and Scott and French (1959) for the indirect
measurement of stetic flexibility, Thess tests, howe lack the
versatility and precision of tests conducted with the flexometer in

which the range of movement is directly recorded in degrees of a cirole.

€. Research findings

Holland (1988) conducted an extensive review of the rassearch
litersture pertaining to stetic flexibility. This review revesled the
Ffollowing: flexibility is highly specific and its measurement at one
bady joint cannot be utilized to predict the renge of motion at other
Joints; participation in specialised farms of physioel activity results
in the development of specific patterns of flexibility; and there appears
to be littls agresment with regard to the definition and range of motion
of so-called hypo-average or hyperflexibility.
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In 8 study of the static flexibility of boys ageo § to 10 years,
Leighton (1964a) found thet age changes in the renge of various joints
viers not necessarily due to growth and could have been the result of
changing movement patterns. Laubach and McConville (1966) conducted a
study on college males and found that anthropometric measures and
Sheldonian somat-type cumponents were non-significently correlated
with the results of tests ~f static flexibility measured with a fiexo-
meter. Gardiner (1972) compared flexion and extension of shoulder,
trunk, hip and ankle in proficient college springboard divers, gymnasts
and swimmers. The range of motlon was measured with a Leighton flexo-
meter. The divers had the greatest shoulder flexibility while the
swimmers recorded the lowsst hip flexibility.

frogressive resistance training or weight training is commanly thought
o result in a ‘muscle-bound' condition which is assoclated with a
redvstion in the renge and spesd of joint movement. However, studies
by Zorbas and Karpovich (1951), Wickstrom (1860) and Leighton (1984b)
have indicated that champion body builders and weightlifters do, in
+fact, have grester range and speed of joilnt movament then non-

waightlifiers.

Recant: advences in physical medicine and rehabilitation have indicated
vhet flexibility is important to genersl bealth and physical fitness.

Flexihility training has n successfully used in the treatment of

% » Beneral neu lar tension and lawer back pains
(Mathews end Fox, 1976}. The melntenance of good joint mobility
prevents, or to a large extent relieves, many of the aches and pains
associsted with ageing (De Vries, 1975). Increasing the range of motion
can play an important role in tha prevention of both extrinsic end
intrinsic injuries (Sheehan, 1877; Williems, 1977}, Many of ‘the
intrinsic muscle and tendon injuriss in sport are a direct result of
a lack of flexibility and also muscls strength imbalances betwesn the
agonists and the antagonists. A strong complementerity of both strength
and fPlexibility is essential for maximum protection from injury.

Either one without the other is likely to prodice potential harm
The so called 'langthsning-strengthening' principle is used to dsvalop
a compatible rel between ghh and flexibility. This
principle applies when there is shortened tissue {muscle, tendon, liga-

ment) on one side of the joint and/or weskened muscle on the uther
{Jahnson, 1968).
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Joint flexibility can be significantly improved by flexibility training.

This generally invelves stretching exercises that may be performed either
statically (held position} or ballistically (bobbing, active movements).

Both types of stretching are effective but the static method is regarded

s the most beneficial and has been found to be effective in the

prevention and relief of muscle sorenpss (De Vries, 1875).

Although joint flexibility cen be improved by training, Geviich (1384}
bas shown that the range of motion in the upper extremities can actually
be reduced by chenges in the bone tissus. 1In a study of 540 uljects

in which X-rays were used. it was found that activities requiring greater
strength led, over & persod of time, to an increessed diameter of the

Joint . a in the curvature of the joint cepitulus cad
en increase in bony prominence. The latter change wai considered se

the most unportant 3n the irhibiting of motion.

2.7.9 Visiaon

Vision is an essential element of sport performsnce, perticularly
ball-striking sports, a fact which is usually taken for granted.
According to Fine (1978), visfon is subject to many errors which ultd~
mately influence the level uf performance in racket sports. For
example, in menstruating women there is a minor rise in ittra-coular
pressure which reduces visual acuity (Willlams and Sperryn, 1878).
Besides the obviaus importance of visual acuity, a number of other
visus: factors play an important role in skilled motor performance.
These include the following:

A. _Ooular movement snd tracking

The monitoring and procassing of sensory informstion con-
stitute impe-att preliminary tools for decision-making in motor pep~
formance. According to Glencross and Cibieh (1977), the speed of the
decision-meking processes is an importent limiting factar in skilled
performance. Two major eye movement systewms are responsible for the
monitoring of sensory informsiion: the smooth pursuit eye movsment
system {SPEME) and the saccadic eye mavement system (SEMS). When the
velocity of a moving objest is high, the SPEMS appears to break down
and then all sensory information is provided by the SEMS (Williems and
Helfrich, 1977). In 3 study of baseball players these workers found that
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batting psrfomance was significantly better in subjects with faster
SENMS and that specific training programmes improved or quickenad
the SEMS.

The importance of the SEMS in tennis can be apprsciated when one considers
that the velocity of a served ball is about 150 metrse per second and
this allows the receiver only 253 millissconds to make e decision
(Glencross and Cibich, 1877), This meens, in effect, that in order to
return @ fast service the recelver must start executing the appropriate

movement before the ball has crossed the net.

Although caaches of many ball striking sports advocate that the ball
be watched until 1t makes contsct with the striking implement, this does
not actually appear to happen (Moss, 1856; Hubbard and Seng, 18541,

whiting (1968) is of the opinion that proficient performers of ball games
do not nesd to track the ball visually for the whole of its trajectary.

A careful exsmination of action photographs depicting the moment of racket-
ball impact in tennis, has shown that the player directs his vision to a
point about 10 centimetres ahead of ihe racket-ball contact (Copley, 1976a).
There appear to be two ressons for this: no aaditional information is
required after the racket is on 1ts way and/or the SPEMS breoks down ot
high relative veldcities,

B. Depth perception

Sterecpsis or depth perception is defined as the ebility to
sse similar imeges falling on slightly disparate retinal points and 4o
blend them into one with the appreciation of perception of depth by
parallsx {Hurtt gt al., 1972}. Dapth perception,which pleys an important
part in ball-striking sports where precise predictions are nscessary, is
normelly 8 function af both eyss in steresscopic vision. Although
Whiting (1869) is of the opinion that depth perception is ppssibls also
with monccular vision, it is doubtful that this is true depth perception.
It is rather depth estimation by use of visual, experimental and other

clues,

Th~ Howard-Dalman test is most commonly used tu assess depth perception.
(1958} used this test and found that athletes had superior depth
perception compared with non-athletes. In another study, Krestovnikov
found ternis players to have considecably better depth perceptior than H
foothall players {cited by Grayblel at al., 1855). In both the tennis :
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and foothall players stereppsis was found to be highly correlated with

proficiency.

C. Peripheral vision

Peripheral vision is the observation of objects outside the
field of central vision. The periphery of the retins is particularly sen-
sitive to movement. However, although stimulation of the retinal edge
provides awarsness of the movemant and direction of en object, the object
is not easily identifiad. Expectation of a ball or player in the peri-
phery obviously facilitates identification {Whiting, 1968). A number of
studies have shown that peripheral vision is superior in proficient ball
game performers, Williams and Thirer (1975) found that horizontel end
vertical periphersl visioh were superior in athletes compared te non-athletes.

By means of a standerd Bausch and Lomb perimeter, these workers found that
femoles had significantly batter verticsl peripheral vision than males.
N In baskatball, peripheral vision is regerdsd as par:

‘larly importent
since the good dribbler never looks at the ball (Wi *tung, 1988).

Dne would expsct peripheral vision to be important in racket sports since
it provides vital information concerning opponent strategy. In squash,

in particuler, whers playsrs are positii. ed side by side, horizontal peri-
pheral vision would seem to bs of importance. Peripheral vision appears

to be important in other sports. Krestovnikev showed that the performance
of javelin throwers and skiers was significantly reduced when their psri-
pheral vision was excluded. In fact, they appearsd to Tely mere on their
peripheral than on their central vision (vited by Graybiel, gt al., 4955).

D. Goular dominance

In normal binoecular vision ore directing or controlling eye is
¥ used. According to Zagora (1958), by the ege of five, 95 percent of
children haeve becoms definitely right-or left~eyed. Ocular dominance cen
be assessed by a number of simple tests. The binacular peep-iwle or
hole-in-card test and the pencil slignment test are usad most frequemtly.
Buxton and Crosland (1937), who evaluated the majority of eye dominance
tests, concluded that the binocular peep-hole test was to be preferred.
Ouke-Elder (1938) found that 64 percent of adults were right-eyed while
33 percant were left-eyed.

The binocular peep-hole test was utilized dn this study to ssse' s

aeylar dominance, required for the determination of eye-limb concardance
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or discordence. The relationship between ocular dominance and tennis

praficiency was also investigated.

E. Ey -limb concordence/discgrdanc:

Eye and 1imb dominance are usually deseribed in terms of crossed
laterality and unilaterality (Adame, 1865; wWhiting and Hendry, 1888
Wniting, 1969). The crossed lateral individusl is either right-eyed and
left-handed, or lsft-eyed and right-hsnded. The unilateral individual is
sither right-eyed and right-handed or left-eyed and left-handed. Since
there doss not appsar to be a term that collectivaly describes crossed
latsrality and unilaterality ths term eys-1imb concordance/discordance, as
suggested by P,V, Tobias, is used in this study, Eys-linmd concordance
refers to unilaterality while eys-1imb discordance refers to crossed later-
ality.

Whiting (1869) is of the opinion that oouler and limb dominance are usually
congenital but that it is possible for a congenitel left-hander to become

a trained right-hander or vice versa.

A populsr view concerning eye~limb concordance/discardance is that the
crossed lateral player has an advantage. According to this view when a
side-on star-e is essumed (forehand sive), the crossed lateral

player has an unobstructed view of the spproaching ball, wheress the uni-
lateral player's nose bridge partly shstructs either the right or left
aye from viewing the oncoming ball (Adavs, 1865). However, this view was
not borne out by the results of studies conduzced on rifle shote
{Bannister, 1935), baseball batters [Adams, 1965) and table tennis
playsrs (Whiting and Hendry, 1968}, The majority of the haseball batters
and table tennis playars were unilateral. The unilateral batters were
found to be more proficient than the creossed lateral vattars, Unilaterai-
ity was more advantag®ous than crossed laterality for rifle shaoting
[handedness was determined by the shoulder used for ¥iringl.

Handedness or upper limb daminance was determined in order to sssess eye-
imb ctncurdance/discordance and the possibls relationship between handed-
ness and tennis proficiency. Eye-limb soncordance/discordance was
assessed to determine the possible relationship with tennis proficisncy
and the frequency of crossed laterslity and unilaterality among tennis
players.

e




2.8 ASPECTS OF BIDCHEMISTRY

Biochemistry involvas the study of the chamicei f-otors respcnsible !
for the origin, development, functioning and progress’on of life. As
stated in the previous sub-ssction (2.7.1), consir.rable attention has
bsan given to the physiclogy of exercise. Within the fisld of exercise
physiology @ new sub-discipline, exercise biochemistry, has emerged.
Exercise biochemistry is the study of the scute and ghronic chemical res-
panses and reactions to physical activity snd exercise. In spite of the
fact that the first internstional symposium on exercise bicchewlstry wes
held only in 1868, great strides have been made in this field. Hormonal
cantrol, energy substrates and adaptations to exercise hava been extensively
investigated since 1968, with the result that far more is known about the
biochemicel control of exsrcise than was the case a few years sgo (Jooste,
1879},

2.8.1 Epergy substrates

Substrates providing energy fOT MuSGUST contraction can either
be transported from a distant deposit ta the muscle cells by the blood
stream {blood-borna substrates) or be stored in the working tissue itseif.
Both carbohydrates and lipids are utilized as substrotes in muscular werk.

The relative on of these may be determined from the

respirstory exchange ratio ar quot®ent (RQ3.

A, Carbohydrates

Carbohydrates ore an important source of energy during most

i types of physical activity and are supplied by the 11ver* as Dlood
3 glucoss, or stored in the form of glycagen In the muscies. Muscle glycagen

is the main source of energy substrate at the onset of physical activity i
: but, as these stores decline, thers is an increased uptake and utilizetica :

of blood-serne glucose (Costill, 1878),

The immadiste source of energy for muscular vontraction is the splitting
of adsnosine tri-phosphate (ATP) which 1s in eguilibriur with phospho-
creatine [PC}. Until the recent nesdle biopsy technique, littls was known
about the size of the energy stores in skeletal muscle. The amount of

* Liver glysagen constitutes the mein extramuscular carbohydrate
store (Saltin, 1878l
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energy stored as ATP and PC has been found to be small compared to the
amount of energy stored as glycogen and triglycerides (Bergstrom and
Hultman, 1972}.

I. Glucsse

Hlood glucoss,which is the principal source of fuel for the
norvous system, 1s derdved from liver glycogen by the process of
gluconecgenesis. The hepstic glucose output rises promptly in response to
physical exercise and is directly proportional to both the workload and
duration of the exercise., ODuring high intensity, short duration sctivity
(40 to B0 minutes) the increase in hepatic glucose output is achieved by
an augmented glycogenolysis with gluconsogenesis accounting for oply 5 to
15 percent of the total glucose output. However, in prolonged, maderately
light or heavy activity (3 to 4 hours), hepstic gluconeogenssis is far more
important and may contribute more then 56 percent of the total glucose
production (Jooste, 1979), The total amount of glycogen stored in the
liver is normally about 55 to 80 grams but only one day of starvation or
food intoke witheut carbohydrates is sufficient to produce almost complete
depletion of liver glycogen stores, When the muscular demends for glucose
are greater than the liver's output, then blood giucose levels may fall
quite low (50mg%) with the occurrence of hypoglycaemia (Hultmen, 18783,

In this study,blood glucase cancentrations before snd after matches
were determined by means of enzymstic spectrophotomstric methods, in
order to assess blood glutosa responses to strenuous competitive tennis
playing. The pussible ocourrsnce of hypoglycaemis wes of particular
intarest.

II. Glycogen
Muscle glycogen stores are important to the endurance
athlete and may bs the limiting factor in the final effort of an endurance
svent or when successive days of intense physical activity are required,
The rate of muscle glycogen deflection depends upon the percentage of
002 max employed during physical exercise. At exercise levels below 85
percent of the V0, max, both carbahydrates and fats are used, but above
this level the energy is supplied almost exclusively by carbohydrates
Total or near totsl depletion of muscle glycogen occurs only when the
activity lasts for more than 50 +o 60 minutes at greater than 80 percent
of the {0, max (Costill, 1878). Cross-country skiers, who covered a
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distance of 45 kilometres, were found te have complately exhausted the
muscle glycogen stores in their arms with substantial depletion in their

legs (Bzrgstrdm et al., 1873},

In s study by Costill et al (1974) on long-distance runners, muscle glyco
gen stores were depleted substantially more in the leg than in the thigh.
Only durdng uphill and downhill running were the thigh muscles required
to metabolise glycogen at rates approximating those of the muscles of the
leg. Costill et sl (1973} have demonstrated that physical exercise

involves a selective depletion of the muscle glycogen stores. Long-
distance runners were found to have significantly lower glycogen stores
in their slow twitch than in their fast twitch muscle fibres. These

workers ave of the opinion that this selective depletion 3s undoubtedly
the causs of the muscle distress frequently experienced by marathoners.

Fink et _al (1975) heve demonstrated recently that physical exercise in
the heat (40°C) places greater demsnds on muscle glycogen metabolism

than exercise in the cold (8°C). Intensive physical exercise over a
period of days drastically reduces the muscle glycogen stores. Even with
a high carbohydrate diet it may take 2 to 5 days to restore muscle
glycogen to its pre-training level (Costill, 1879). Professional tennis
players frequently have to play successlve long-duration metches (5 sets)
under hot environmental conditions. In addition to these matches, the
players often participste in strenucus on-court practice sessions.

Tt is more than likely that the freguently T fpoor per of
professional players in the latter stages of a tournament are the direct

result of muscle glycogen deplstion.

a. Glycogen loading
A methad of increasing musole glycogen stores was developed
a5 & result of work done by Bergstrém and Hultman (18661, Muscle glyco-
gen loading, boosting or supercompensation involves first smptying the
glycogen stores through intensive physicel exsrcise and then ingesting
a high protsin dist for 2 to 3 days and, thersafter, consuming a high
carbohydrate diet far 3 days. This procedurs snebles the muscle giycogen
stores to increase from 1,5 to 4,0 grems per 100 gram wet muscle mass
(toakes, 1872). Miscle glycogen storsge is accompanied by & storege of
water which may amount to as much as 2 to 3 litrss (2,5 to 3,5 kg in-

crease in body mass). In this way, the body may acquire a water reserve

i
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that helps prevent dehydration resulting from sweating. Under these
conditions a reduced body mass does not nesessarily indicate a decline
in functional water volume (Saltin, 1878). Although the bensfit result-
ing from glycogen loading is limited to the musclss that have been
exercised, the factors that dstermine the magnitude of this glycagen de-
positin the musculaturs have not yet been sstablished (Saltin, 1878).
Unless the glycogen stares are initially depleted, a high carbohydrate
diet will result in only a small increase in the glycogen stores

(Costill, 1879),

There are differences of opinion regarding the methodology of glycogen
loeding. Astrand (1987) and Bergstrbm and Hultman (1972] sdvocate a Pat-
protein diet prior to the final rich carbohydrate diet, while Costill
(1879) recommends that only & high carbohydrate diet is necess-icy after
the initial glycogan deplstion. Personal experience has shown that
glycogen depletion followed by & 2-to 3-day fat-protein diet may result
in hypoglycsemia snd an increased susceptibility to respiratory
infections. Costill (1879) states thst o fot-protein dist following
glycogen depletion produces a slow, incomplete replacement of glycogen

in the exhausted muscles. Glycogen loading without a fat-pratein diet
appears to be the most suitable method.

An incressed storage of muscle glycogen mey be of valus to tennis players
competing in Davis Cup competitions, challsnge matches or sndurance
stints. Since the prefessional tournament player is usually committed

to at least ona match per day, it is evident that the practical applica-
tion of glycogen loading is restricted to the relatively unimportant
first round match of a tournament. Obviously, it would be praferable to
have & high glycogen storege for the final rather than the first round

match.

There is little doubt that glycogen loading significantly raduces the
chance of premature exhaustion durdng strenucus physical activities lasting
an hour or longer (Astrand and Rodahl, 1970; Williams and Sperryn, 1978;
Saltin, 1878; Costill, 1978). However, a number of practical problems

are involved. Extremely high muscle glycogen storage cannot be attained

at more frequent intervals than a few weeks (Saltin, 1978). Jooste st al
(1976} are of the opinion that it is neither advissble nor practicsl ta

changs an individual’s nutritional rodtine on a weekly or bi-weekly basis.

B
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The incressed storage of water asseciated with glycogen storage may

result in a body mess sncrease of as much as 3,5 kilograms (Saltin, 1878).
This mass increase frequently causes a feeling of heaviness or bloatedness
that could be detrimental to performance, perticularly in the initial

stages of an endurance event.

B. Lipids

In the past, the Hill-Meyerhof energy source theory was generally
accepted. According to this theory, carbohydrates were the primary source
of energy, whils fat was only a reserve fusl utilized primarily when at
rest and during recovery. However, as a result of experiments conducted
by Christensen and Hansen (1939), it 1s now clearly established that fat
is an important source of energy for the working muscle. The proportion
of fat and carbohydrate utilization is determined by factors such as
diet, exercisa duration and exercise intensity in relation to the total
work capacity (Astreng end Redshl, 18703.

Fat is en ideal energy store and, with an energy density of 3 kilocalories
per gram, has more than twice the storage efficiency of carbohydrates

{4 keal/gl. The total reserves of energy stored in extra- and intra-
muscular fat depots constitute about 70 000 kilocslories of energy which
if we accept an expenditure of 10 kilogslories per minute, will provide
some 7 OCO hours' supply. Unfortumetely, most of this fat is stored
outside the active muscles and, since the intramyscular lipids are scon
exhausted, the subseguent fat utlilizetion is determined by the rate of
mebilisation from extramuscular stores and/or the trenspart across the
membrane of the muscle cell. The meximum amount transported is probably
1 to 2 grams per minute (Wiiliams and Sperrya, 1976).

Free fatty scids (FFA), which ers released from the fai cells and transported
by the blood to the muscles, are en important source of snergy, especially
during endurence activitiss. The oxidation of lipid fuels has been shown

to inhibit glucose phosphorylation, glysolysis snd the oxidation of glucase
(Jooste, 1978). According to Costill (1978), fat metabolism has a

glycogen sparing effect. Training has been found to increase substantially
the relative role of fat as a fuel for muscular sxercise. Trained mscles
appear to develop an snhanced oxidalive potential (Saltin, 1978).

The determination of plasma FFA requires about 5 millilitres of whole blood.
In the present study, blood ssmpling waa made under matoh conditicns and,
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for obvious reasons, only small samples [4 ml} could be drawn. Hence

FFA lsvels could not be detzrmined.

€. Proteing

It is generally believed that when the caloric supply is
adequate, protein is not used as fuel to any appreciable sxtent (Astrand
and Rodahl, 1870). However, a study by Felig et al (1870) has shown
that alanine, which is the principal gluconsogenic aming acid, is released
in significant amounts from exercieing skeletal muscle and taken up by
the liver where it is converted to glucese. Thess workers have postulated
that alanine may be synthssised from pyruvete by transemimstion.

Saltin (1978) is of the opinion that the quantitative rols of the slanine-
glucose uycle during exercise is modest but that, in stervation or with
& noncarhohydrate diet for an extended peried, the conversion of alanine
ta giuuose in the liver may plsy an important role in meintaining blood
glucoss levels. Costill (1979}, on the uther hend, believes thst the

alanine-glicose cycle constitutes a significant source of energy during

ong runs in excess of 42 kilometres or 3 hours.

2,8.2 Lactate

In exsrcise biloshemistry, blaod lactate’ is probably one of the
most intensively studied constituents of the bldod. Since the early work
af Hill and Lupbon (1824), 1t has bsen
during muscular work. The lactate diffuses into the blood and is then
transported to the liver and kidneys where it constitutes substrate
for gluconesgenssis by the Cord cycle (Mann and Garrett, 1878).

own that lactate increases

An increase in the normal blood lactate concentration (10 mg/100 ml blood]
indicstes the involvement of anaercbic processes and the accumilstion of
an axygen debt. Blood lactate levels give a good indication of the degree
of exheustion in activitiss of high intensity and short duration,

Blood lactate concentrations may exceed 20 millimoles per litre in well~
trained asthletes competing in events of one to two minutes’ duration

* Although the terms lactic acid and lactate are used interchangsably,
the molscule in guestion is usualiy in an fonised or dissociated ferm
and is correctly referrad to as lsctate. In its non-ionised form the
molecule is correctly termed lastic scid. The same applies to pyruvic
acid and pyruvate.
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(Astrand and Rodahl, 1970). However, U .still (1978) believes that there

is little relationship bstween lactate i:vels and exhaustion in iight to
modsrate physicel exercise continuad for long periods

According to Jooste et al (1377}, the so-calied lactate turning point

{the point at which excess lactats is produced), which is expressed as a

percentage of VO, max, sppears to be o far batter measurs of endurence

}
fitness than the directly measured VD2 max.

According to Mann and Garrett (1978), the capacity to dispose of lactate
gensrated by the warking muscles 3s an important component of fitness.
This lactate clearence may be limited by the transport of lactate scross
membranes or by some enzymetic step in gluconeogenesis. These warkers
are of the opinion that training and/or cerbohydrate-fres diets will
sugment both physical fitness and la_tate clearance.

Training results in lower bleod lactats lsvels for a standardised work-—

load, but higher values are attained during maximal workload. Blood

lactate levels at the end of various running races are inversely related

to the distance coveisd (Costill, 1878), There are two mein reasons for
this. First, the laongsr the event,the smaller are both the percentage of \'/aZ
max utilized and the subsequent production of lactate. Sscondly. the

lactate produced during the early stages of a race may be removed by the

liver and kidneys during the race.

Pra- and post-match blood lactate concantrations wers determined in this
study by meens of enzymatic spectrophotometric methods in order to assess
the lactate response in professional and amsteur tenndis players. Post-
matoh blaod ssmples were taken within 5 minutes of completion of the
matoh, 88 recommended by Astrand and Rodahl (1870).

2.8.3 Elpctrolytes

Studies by Veller {1989}, Ross gt al (1970}, Noakes and Carter
(1976) ang Costill (1878} havs bsen conducted to detsrmine ejectrolyte
1osses during physical exercise. Elsctrolytes mey be lost in the swest,
urine ar faeces. There are about 25 different electrolytes in the plasma,
comprising a totel amount of 800 milligrams per 100 miliilitres (Astrand
and Redahl, 1870]. According to Saltin (18781, the dif¥iculties
encountered in sweat sampling maks it impossible to determine the exact
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contunt of ulactrolytes in sweat. The lonic concentration of sweat is
significantly affected by the sweat-rate and the degree of heat acclim®
stisation. The principsl ions of swest are those of the extracellular
compartment, namely, sadium and chloride. In contrest to the relatively
snall potassium and magnasium losses in the sweat (approximately 1% of
body stores), 6 to 8 pr -t of the total exchangesbla sodium and chioride
ions mey be lost through sweating (Costill, 19768). Studies by Rose et al
11970}, Bellur gt gl (1875) and Jooste st al (1977) have shown that

ohvs ;al exercise can bring about significant decresses in serum magnesium.
Apparently this redustien s to the loss of magnesium in the swest

and the possible redistributiun of free diffusible magnesium from the

plesma to other comp such ss the ery .

According ta Costill (1978), exercise water loss through sweating results
in only @ relatively small slsctrolyte loss which probably has little
sffact on slactrolyte function in the muscle. Even with successive days
of intensive treining, the slectrolyte balance is maintained | & normal
distary intake of ions and compansatory rensl function [Costill, 1878).
In addition to the transcapiliary Pl of water frcm the plasma into the
working musculsture at the onset of strenucus physical exercise (Costill
1878), dehydration results in a relative increase in plasma electrolytes,

naematocrit, haemoglobin and erythrocyte count (Noskes and Carter, 1976).

In the present investigation,nve- ant post-match sodium, chloride,

) ium and caleium 1ons were determined in order to assess

@lectrolyte responses during strenuous compstitive tennis playing.
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CHAPTER 3

MATERIALS AND METHODS

Detailed descriptions of the methods, formulae and equipment used in
the present investigation are presentasd in this chapter.

3.1 SUBJECTS

A total of 104 tennis piayers competing in the 1977 South African
Open Tennis Championstips in Johannesburg were studied. The subjects,
representing nine nationalities, were divided into faur groups on the
besis of sex and playing profisiency:’ a mele professional group (n=34),
a female professional group (n#22), & male amateur group (n=33) and &
female amateur group (r.=15). The professional subjects wera highly
proficient tennis performers whose primary financial income was derived
from competitive participation. The amateur subjects comprised establish-
ed players from all walks of life who were involved in part-time tennis

competiticn.

Consideration was given tc the possibility of grouping on the basis of
the totel number of hours played rather than on playing proficiency.
The former method was not used for two reasons. First, the grouping of
subjects in 'hours played’ categories resultad in too few ceses within
each category for the purpose of relisble statisticsl analysis and
interpretation. Sacondly, 'hours played' categories provided a guanti-
tative rether than s qualitative categorisation of playing activity.
Although playing duration is sbviously an important factor, it was the
effect of playing intensity on the structure and function of.the body
that was of particular concern in this investigation. Grouping on the
basie of playing proficiency ensured both a quantitative and &
qualitative categorisation.

Previous experience has shown that data collection from tournement tennis

players is a somewhat frustrating and harassing task (Copley, 1976al.

# lhen the term mels or female is used, it refers to both professional
and amateur subjects unless otherwise specified. When the term
professicnal or amateur is used, it refers ta both male and female
subjects unless otherwise specified.
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Altruism seems to be supprassed when players are competing for large

sums of monay.

To ensure as large a sample as possible, it was decided to establish an
advisory clinic as part of the study. All the competitors in the South
African Open Tennis Championship received an introductory brochure
(Appandix Al, in which the professional sarvices offared and the genaral
objectives of the study were outlined. This approach had the dssired

effect and there wes no shortage of enthusiastic subjects.

Although some verbal informstion and advics were provided during the
sleven-day data coilection period, it was decided that test results,
detailed comments and advice would be forwarded to participants in
written form. This decision nscessitated far more werk and time than
originally expected. Three months later, the results with relsvant
comments and advice (Appandix B), and a brief explanstion of the nature
and relevance of sach assessment (Appendix C), were mailed to the 104

subjects.

3.2 RESEARCH TEAM
The reseorch team comprised the author and five assistants, who
were all university graduates. The senior assistant who,with the author,

was responsible for the anthropometric measurements, was an experienced

scientist who had numercus apthropometric and physiological

studies.

Each of the other four assistants was responsible for the administration
of one or two tests. They received special training from the author one
month prior to the data collectinn. Perticular care was taken to snsure
that they were thorpughly acquainted with the nscessary tectnigues and
equipment. The necessity of accuracy was strongly smphasised. To
minimise recording ervars, the data recording assistant celled back sach
item of measurement immediately after it had been announcer by the tester.
Gnce confirmed, the item was recerded on a spscially prepared heavy-duty
data card (Appendix N1},

3.3 STUDY OBSERVATIONS

The measurements and tests were conducted in a well equipped
mobile laboratory erected in the grounds of the Ellis Park temnis stadium
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in Johannesburg.

Ambient tevwperature (GC], relative humidity (%] and barometric pressure
{mmHg} were measured twice a day (am and pm) during the eleven-day
period, Each day’'s morning and afternaon readings were averaged to
provide daily values, which were then averaged to determine a mean
value for the entire eleven-day period, A Darton mercury bsrometer was

used to messure atmospheric pressure, which was reguired for oxygen and

carbon dioxide volymes, and a hygrometer ta determine ambient
and humidity which was required for sweat-rate evaluation.

The test battery comprised a total of 208 variables. These inciuded
questionnatire, B o, logical, physiclogical and
biochemical variables which are disgrammatically illustrated in Figure *
(p. 96). Unfortunately, not all the subjects were willing to complete
the entire battery of tests. This was due iargely to the discomfort and/

or long Juration of some of the tests and-measurements.

3.4 QUESTIONNAIRE

Before commencing the tests and measurements, the subjects wers

interviewed in order to ebtain the following datac

3.4,1 Perscnal dats

This included the recording of the subject's name, postel address,
date of birth, nationality, race, sex, pest and present occupations, and
physical leisure-time sctivities. The subject’s age on 1st Decambsr 1377
was determined and recorded to two decimel places.

3.4.2 Tannis dats

This comprised the determination of handedness, highest lavsl of
representation {club, provincial, national or internationall, totel
number of years played, number of hours played per week, number of weeks
played per yeer and reguler participstion in a specialissd troining or
conditioning prog,ramme, past and presant.
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A number of simple formulae wers utilized to derive the following
additional information:

A. Ags at which regular playing was first commenced wos calculated from

the formula:

Age started = age - years played

B. Total numper of hours played was determinsd from the formulas:

Total hre = hra/wk X years x wke/yr

C. Number of full-time vears play:d (comprising a normel eight-hour day.

five days per wesk and twenty-sight days annual leave) was calculated,

from the following formula:

Full-time years = Total hrs
8
233%
D. Total energy expended in kJ was determined from the formuis:
Total snergy = Total hrs x Energy cost x 80
where energy cost = the measured snergy cost in kJ/min

3.4.3 Medigal history

This involved the establishment of whether ths subjeot had sus-

tained any serious injuries (s.g. dislocetions, fractures, hernias

ete.), ha. suffered from any serious illnoooss or diseases (.e.g. rheum-

atls faver, hypertension, diabotes eto.), or had undorgane mejor surgery.

Care was tsken to ensurc that sll questions were clearly understood by
the subjects.

3.5 MORPHALOGICAL ODSERVATIONS

All the anthrepometric measurements werg tskan by the author and
an experienced senior assistant. Standardised calibrated anthropometric
equipmant was used, Since the mobile isboratory wes equipped to handie
two subjects simultsneously, the ohservers measyred an equal numbsr of
subjects. Measurements ware teken on the right-hend side of the body,
as rgcommended by the International Committee for the Standardization

X385 days - [52 wks x 2 {Sat & Sun 1} - 28 days
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of Physical Fitness Tests (Larson, 18741, Eech measuremsnt was taken
twice by the same obssrver and when the two readings differed by more

than three millimetres in the case of stature. diameter and girth
measurements, and by mare than 0,4 millimetrgs in the case of skinfolds,

a third reading was taken. The twe nesrest readings were then averaged.
When the observations did not differ by more than the stipulated values,
the average of the two readings wes recorded. The two observers conductad
a number of trial measurements on the sanwe subjects prior to the data
collection and the results indiceted a high degres of uniformity.

3.5.1 Basig snthropometric measurements

Thirty-eight basic anthrop C maa ments, by the
International Committee for the Standardization of Physicel Fitness Tests
(Larson, 1874), were taken.

A. Body mass was measured, with a Seca beam balance scale and recordsd
to the nearesi 0,5 kilogram. The males were measured in their under-

pants and the females in their bra's and pants.

Since budy mass was measured to the nearsst 0,5 kilogram, it was naot
deemed nsoessary tu meke a small correction for the light under-
clothing in order to obtain the nude mass of the subjscts.

B. Height measurements
Seven standing height or lemgth measurements were taken and recorded

to the nearest millimetre.

I. Staturs, or the distance from ths soles of the feet to the
highest point cn the head in the median sagittal plane, wes
measured with a portare Harpendsn stadiometer.

Subjects were ssasured while stonding barefoat, with the
heels tin contact with sach other), buttacks, upper back

ang rvear of the head in contact with the verticsl section of
the stadiometer. The upper limbs wers pendent with the palms
of the handg turned inwarda and the extended fingers pointing
downwards. The shoulders were relsxed and the head was held
in the Frankfurt horizontal with the line of sight horizontsl.
Bafore the observer took the measurement, tha subject was

instructed to inhale deeply and stretch upward to the fullest
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extent. This procedurs was adopted to eliminate the 'diurnal
variation' (Carter, 1875).

The correct body position for stature was also used for the
other height measurements, taken with a Harpendan anthropometsr
from the solas of the feet to the various stendardised

anatomical points.

The height measurementc, as defined by De Villiers and Tobias
(1874} but measured on the right-hand side. included the
following:

II. Acromiale height or helight of the right acromiasle abave the

ground,
II¥. Radiale helight or height of the right radiale above the ground.

Iv. Stylion height or height of the right stylion above the ground.

V.  Dactylion height or height of the midpoint of the tip of the
middle finger above the ground.

VI. Trochanterion height or hrlght of the right trochanterion abave

the ground.
VII. Tibiale height or height of ths right tibiale sbove the ground.

During the measurement of the acromiale, radiale, stylion and
dactylion heights, particular cars was taken to ensure that the
shoulders werg not tilted.

Diameters

During the taking of all these measursments, firm pressure was
applied end the readings were taken with the measuring instrument
in position to avoid altering the position of the sliding arm of
the anthropomaster.

The following diemeters or widths as defined by (e Villiers and
Tabias (1874}, wers determined with a Harpenden snthropometer and
recorded to the nearest millimetre:
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VII.

Wrist diametsr, which is the distar
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Biacromial dismeter, which is the maximum breadth bstween the
right and left acromlalia, was messured with the subject stand-
ing and the shoulders braced. The measurement was taken frem
behind, the points of the anthropometer being brought down on
to the acromiale points from sb-.a.

Bitrochsnteric dismeter, which is the distance betwsen the most
1steral projections of the grester trochanters, was measured
from behind with the subject standing and heels together.
Moderate to strong pressure was required for this measurement
to ovarcome the thickness of the cutaneous, adipose, fascial

and muscular tissues.

Bizristal or bi~ilisc diesmeter, or the maximum breadth between
the right and left iliocristalia, was measured from behind
with the subject standing. As in the case of the bitrochanteric

diametar, ta strong was y for the

measuremant of this body diameter

Anterior-posterior chest diameter, or chest depth, was measured

at the line of the upper border of the 4th chondrosternal
articulation at the end of a normal expiration, The anthropo-
meter was fitted with curved arms and the msasurement was taken
with the subject standing, upper limbs hanging loosely at the
sides of the body.

The following diameters were measured on both sides of the body
and recorded to the nearest millimetre, with a stainless steel

Harpenden caliper.

81 spicondylar diameter (humerus}, which is the distance between
the outermost parts of the medial and lateral spicondyles of
the humerus, was maasured with the elbow flexed at right engles

Bicondylar cismeter (femur}, or the distance between the lateral

and medisl femoral condyles, was measured with the subject

seated and the knee flexed at right angles.

betwsen the styloid
processss of the radius and ulna, was measured with the upper

limb hanging loosely at the side
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VIII. Ankle gismeter, or the distance between the malleoli of the
tibia and flbula, was measured with the subject seated.

Girth measurements

A flexible anthropometric steel measuring tape was used for all the
girth or circumferential measurements. taken on both sides of the body
and recordsd to the nearest millimesre. Cars was taken to ensure that
the tape made firm and continuous contact but, at the same time, did
not deform the contours of the skin,

I, Uncontracted arm girth was taken with the upper limb hanging
relexed at the side of the body. The girth was measursd in s
plane at right angles £o the long axis of the arm, halfway betwesn

the acromion and olecranan.

I

w

. Contracted erm girth, or the maximum circumference of the arm with
the biceps fully contracted, was msasured with the subject's upper
imb ahducted, the fist olenshed, the forearm supinated and the
limb fully flexed at the elbow, This measurement alsn was taken

at right angles to the long axis of the arm.

II1. Forearm girth wes measured at the maximum circumference of the
foresrm with the upper limb hanging loossly ot the sidi.

iV. Thigh girth wes taken just balow the gluteal fold with the subject
standing erect, legs slightly apart. Only tha right thigh girth

wae measursd,

V. Calf girth was me at the gr ciriumferencs of the calf
with the subject standing ersct, legs slightly apart. Care was
taken to ensure thet the subject’s weight was squally distributed
through both lower Limbs,

VI. Chest girth wac measured at the level of the 4th chondrosternal
articulation and below the inferior angle of the scapulae, at the
end of 3 normal expiration, Tha subject was in a standing
position. Since chesh girth is influenced by breast size it was

not messured in the femals subjecte.

Skinfold measurements

These were taken with a Harpenden skinfold caliper with a jew prassure
of 10 grams per sguera nillinmetre. All the skinfolds wers taken on
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the right side of the body in o vertical plane, with the exception
of the subscapular and supre-iliac skinfolds which were taken i

oblique pienes (Carter, 1875}.

A fold of skin was picked up between the thumb snd index finger and
the caliper jawe were pleced one rentimetre from the fingers at &
depth approximately equal to the thickness of the fold. Tne skan-
Fold was held throughout the measurement and, when the indicator of
the caliper hud become steady, a reading to the hearest 0,1 milli-
metrs was teken (De Villiers and Tobiss, 1974).

The following skinfolds were taken:

I.  Triceps wes measured on the posterior surface of the amm midwey
between the acromion and olscranon with the upper limb pendent.

This skinfold was taken also on the left side.

II. Biceps was measured on the anterior surfacs of the arm at the
gema isvel as the triceps skinfold, with the upper limb psndent.

This mee. iremant was taken alse on the left side.

IiI. Subscapular was taken beiow the inferior angle of the scapula
with the upper limbs pendent. The fold was measured in an
obligue plane ascending medially at an angle of approximately
45° to the horizontel.

V. Supre-iliac skinfold was messured just above the anteriar
superdor iliac spine with the fold ohligus, extending forwards

and slightly downwards (Carter, 1975).

Although the position of this skinfold appears to have been
stenderdised, the plane in which the fold is elevstad has not
besn and it can be vertical (De Villiers and Tobiss, 1874;
Sloan and Ce V. Weir, 1870; Wilmore et al., 1970), ghlique (Siosn
1967; Carter, 1875) or horizontel (Tsnner, 1984; Van der Merws
and Daehne, 1975).

A number of vertial supra-ilisc skinfolds wers taken and
compared with those taken in en obligue plane. Differsross as
large as six millimetres wera observed. Skinfolds taken
obliguely were consistently smaller than skinfolds caken
vertically at exactly the same sites.
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The Langer’s strass~iines (clesvage lines), which are brought
about by &

orientation of the subcutaneous fibrous connec-
tive tiasue bundles, run forwards and downwards ot approximately
45° to the horizontal at the supra-iliac site.

Any skinfold which 1s not elevated along the line of Langer's

stress-~1ines will normaliy have reduced compressibility

k because of increased and tiasue tension.
Thie should bz borne in mind w~hen the supra-iliac skinfold is

,: useg for the assessment of ie eidomorphic somatotype
component {Hsath-Carter) and body compasition (percsntage body
fat],

{: Y. Calf skinfold was measurad on the medial side of the calf at
ths level of the greatest circumference, with the subject
seated, the foot placed on the ground and the knee flexed at
right angles. The lef{ calf skinfold also was meastursd.

3.5.2 Interpupillary_distance

This linear measuremert,which is not frequently includad in
anthropometric stud?as, refers to the distance between the iwo eyes.
A rigid steal ruler was used to measure the distance from the centre af
ane pupil to the centre of the other. The subject was instructed to
look directly shead with the head held in the Frankfurt horizontal
The ruler was placed on the bridge of the nose and the zers point
aligned at right angles to the centre of the right pupil. The inter-
pupiilary gistance -ead off, to the nearest millimetrs, at a point

on the ruler which prrpendicular to the centre of the left pupil.
Care was taken to ensure that the obssrver sveided the parallax error
and that the subject did not squint guring the measursment.

The msasurement could Le determined with & high degree of reliability,
since differences peiwesn two or more observations on the same subject

wera very rarely greater than one millimstre.
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3.5.3 Derived morphological measursments

The basic anthropometric messurements were substituted in specially

dasigned formulse to obtain 103 derdved morphological measurements. ALl
the formulas were programmed with a Hewlett Packard (HP - 87) fully

programmebie calculator.

and segment lengths, with the exception of the lower limb. were

calculated by sul don and &xpl 5d 25 per of staturs.

1.  Upper limb length = Acromiala Ht - Dactylien Ht
II. Arm length = Acromiale Ht - Radiale Ht

II1. Forearm length = Rediale Ht - Stylion Ht

IV. ‘ower limp length = Trochanterion Ht

V.  Thigh length = Trochanterion Ht - Tibiale Ht

tower limb length, which is difficult to measure because of the

inaccessibility of the hip-joint from the surfaces, can also be

estimated by means of the formula
Lower limb lenghis = Stature - Sitting height.
Length indices
Each of the following lengths
I upper lims
II. arm
III, foresrm
V. lower limg

v, thigh

was expressed as a percentage of stature by the formulas
L
— N 100
B

where L = langth {om)

$ = stature (cm}

VI. erm-forsarm length index
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Dianeter indices

I. Biacromial diameter as a percentage of stature.

II. Bicristal diameter as a percentage of staturs.

III, Anterior-posterior chest diameter as a percentage of staturs.
IV. Bicristal diametar as a percentage of biacramial diameter.

V. Bi-epicondylsr diameter (humerus) as s percentage of upper
limb length.

VI, Bicondylar diameter (femur) as a percentage of lower limb

length.

VII. Bicondyler diameter (femur) / Bi-epicondylar diameter (humerus)
index.

Birth indices

I.  Chest girth ss a percertoge of stature.

II.  Forearm girth as a percentage of upper limb length,

IIT. Thigh girth as a percentage of lower Limb length.

IV.  Calf girth as a percentage of lower limb length.

Body surface area

Pradicted nude body surfece area was determined from the Ou Bois

height-weight formula (Du Bois and Du Bois, 1816).

The use of the formuia is standard prictice in Physioclogy, Ergonomics
and Clinical Medicine (Mitchell et al., 1971).

BSA = 71,84 (M 0,425 X s 0'725]
where BSA = nude body surface area (om?)
M = body mass (kg)
S = stature (em)

Body surface area was expresssd in square metres ( 10 000},

Body composition
Lean volume, bone, muscle and skin-fat indices, percentage body fat,
+#at mass, lean body mass end 'ideal’ body mass were assessed by means of

basic anthropometric measurements and specially designed formulae.
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I. Liean volume and tissue index errors and corrections

The formulae of Wertenweiler et al (1874}, some of which wers Ffound

to be incorrect and we: 1 e d, were utilized in this
study for the calculation of lsan volume and tissue indices. The errors
in and corrections of the formulae and terminology of Wartenweiler et al

(1974) have been brought to their ettention and are discussed below.

a. Tissus surface area

The formula used by Wartenweiler st s) (1974) for the celculation of

tissug surface area is given as:

2
A Tao. T
4
whers A s tissue surface area

4 = 1ish or segment dismeter

This formula {rr?) 4s, of courss, ths formula ussd to calculate
the cross-secticnal ares and not the surface area of a limb-segment,
of which the dlsmeter has been measured, it being assumed thaet the

cross-ssction of the limb-segment is circular.

Tha correct formula for the calculstion of the surface area of a

regular cylinder is:

SA. = 2Tr x L o+ 2mred
whers S.A. = surface arse (cn?)
L = length (oml
- d
r radius ( 2_)
d = diemeter (om)

b. Lean dismeter (muscle plus bone)

Wartenwsiler gt_al (1974) use the following formuls for the
caleulation of the iean diameter:

dMB = d -~ (SF biceps +# SF triceps)
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whers dHB = lean dismetar {muscle plus bone)

d = diameter of the arm
SF biceps = biceps skinfold
SF triceps = triceps skinfold

Since a skinfald measurement comprises two layers or thicknesses of
skin and fat, it is evident that in this formule four thicknesses
are subtracted from Lthe dlamster of the limb, whereas only two
thicknesses participate in the composition of & limb diam~ter. The
sum of the two skinfold measurements should therefors be halved and
the formula exp.essed as:

d = d -~ ({5F biceps + SF triceps)
MB ——

Musele ares

The following formula for tha calculation of muscle area is presented
by Wartenweiler et al (1874):

2
Muscle area (surface) = [ g - o :I ™
B -

whers dyy = lean diemater
5 = measured epiphysiel dismeter {epicondylarl

This formula doss not allow for corraction of the measured epiphysial
dlameter to the required disphysial diemeter.

The formsla shculd be:

2 me

o2 d?
Myscle srea (cross-sectional) = e - 95 V[
(3,0 3

where dMB = lean diameter = d - (biceps + triceps)
z

dg measured epiphysial diameter (epicondylar)
3,0

constent designating the relation of the epiphysial
diameter (epicandylar] to the disphysisl {shaft)
diameter

{)Wartsnweiler st al (1874) found e value af 3,1 for the humerus of the
male and propose that a valus of 3,0 be uniformly used for the arm,
forearm, thigh and calf.
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d. Units of measura

Wartenweiler B_t__.a_l (1874) express tissus area in square centimetres
(on®) and tissus volume in cubic decimetres (dn®) and make no mention
of the fact thet tissue area is converted from square centimetres
(en®) to square decimetres (dn} and that the upper Limb lsngth is
expressed in decimetres {dm). Thess workers also do not point out
that the skinfolds in the lsan dismeter formula are exprassed in
centimotres. Thess varicus unnecessary conversions appsar to be of

no practicel valus and are apt to confuse

8. Terminology
The term 'specific we:g.t of tissus' is use! by Wartenweiler et al
(1974) instead of the correct term, relative density of tissue.
II. Llean volums

This refers to the volume of muscle and bone tissue. The lean valuie
of both the upper and lower limbs and of both arms and forearms were
determined by means of the technigues described by Wartenweiler gt al
(18741, A specially prepared Fortran computer programms was used for the

caloulation of lsen volume.

There was & limited amount of time svailable for the large number of
measurements and tests and as a result limb and Segment lengths were
measured anly on the right-hand side of the body, In order to compare
dominant and non-dominant sides of the body (right and left) in terms of
lean volumes ard tissue indices, the author was obliged to assume that
the 1eft side lengths were equal to those on the right. It was felt thet
this assumption would have little effect on the ascurscy of pradiction
becsuss of the relatively small limb and segment length dif¢erences
betwsen right and left sides of the body (Wolafiski, 1872).

Limb and segment diameters. aress and lean volumes wers calculated by

weans of the following series of formulae:

&, Lean lipb and segment diameters:

i} Upper limb and arm
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where 4 = lean or corrected diameter (cm)

uncontracted erm circumferance (ocm)

a
"

8 = biceps skinfold (mnj
TS = tricsps skinfold (mm)

ii) towsr limb and forearm

s
% £ ('fu-)
ki
: whare dy, = lean or corrected diamster (cm)
‘ o circunference (cm)

S = skinfold {mm)

For the calculation of lower limb dismster, the sverage of the thigh
and calf circumferences was used.  Sinse only the right thigh
clrcunferente was measured, ths sverage of the right thigh circum-
ference and the left calf circumference was used for the loft

lower limb circumfersnpce. The calf skinfold represented the lower

1imb skinfold.

For the caloulatian of the foresrm diameter, the forearm circumfsr-
ance was used. Since the foresrm skinfald was not measured and is
ususlly thicker than the biceps skinfold and thinner than the

Oesiprés et_al,1878b), 1t
average of the biceps and

lean forearm diameter.

triceps skinfold (Ward and Pleming,1954;
was decided to use for sach subject, tha
triceps skinfolds for the calewlation of

b, Lean limy and segment sress

The formule used for the upper and lower limb, arm and forearm was:

~

- Am = (dMB

| 3
N Where Ay, = lsan oross-ssotional eres lon)
d = lean or corrected d} = (em ]

M

c. Limb snd segment lsan volumes

The formula used for the upper am 4dmb, arm and forsarm

was:
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v, = A,

e e XU

Whers Vo = lean volune (on’)
AHE = 1gan cross-secticnal arsa (sz]

Ll = dmb or segment length (om)

Thuse formulae sre based an the assuwptions thet the cross sections of
tha limb-segment are circular, that the limb-sagmentsare cylindrical
without tapering and that half of the summed respective skinfolds
represents the sverage skin-fat layer in each limb-segmert (Wartenweller
st al, 18743,

I17I. Tissue indices

The bane, muscle and skin-fab indices of the upper and lower limbs
(right and left) and of the arms and forearms (right and left) were
determined by means of the methods described by Wartenwsiler et al
(1874). The tissue index was determined by expressing tissua mass as a
percentage of body mass. The determination of tissue mass necessiteted
the celoulation of tissus ares and volume. A spesially prepared Fortran

programme was utilized for calculation of the tissue indices.

a. Bone index was caloculated by the formulae:

1} Bone area

- ' Lo
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where Ay *  oross-sectionel bona area (an
d = bana diameter ‘om}
@ = 3,0

The bi-epicondylar diemeter (humerus) was used as the bone diameter
in the salculation of upper limb and arm bone ereas. Wrist diameter
was used for the foresarm and the average of the bicondylar {femur)

and ankle diameters was used for the lower limb bone dianeter.

111 Bone valume
VB = AB x LL .
where VB = bane volume (cm )
AB = cross-sectional bone erea (umzl

LL =  limb or segment length (om)
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1i4)

Bone mass

where M

Bone index

where BI
BM

Musgls index

Muscle volums

pone mass (g}
bone volume fom )
relative density of bone tissue

M 100
am
bone index

bone mass (kg
body mass Thgl}

Since the calculation of lean ant bone volume was included in the

Fortran programme, muscle volums wWas determined by subtracting cone

volume from lean volume.

VN
where vV

VMI..
Muscle mass

”f’l
whers MI'I

VM

1
Muscle index

MI
where MI

MM

am

- Vg

musole volume (cm)
lean voluma (cm )

bone volume (on®)

V','1 x 1

muscle mass (g)
muscia volume (om”

relative density ci ..-.-1e tissue i

BM
muscle index
muscle mass (kgl

body mass (kg) :
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. Skin-fat index

1) Skin-fat volums

Bince the calculatlon of lsan, whols 1imb end whole segment volumes
wag included in tha Fortran programme, skin-fat volume was determined
by subtracting thw lean volume from the whole limb or segment volume.

Var - Y T Vs
3
whers Ve - skin-fat volume (cm
3
Yva 1sen volume (em™)
V. =  whole limb or ssgment volums fem®)

The whole limb or ssgment volume was valculated from the formulasof

2
. diemeter (3], erea . ) and valume (A x LL) (Wortenweilar
st al, 1974)
: ii) Skin~fat mass
Mge = Vg X B8
whers Mge = skin-fat mass ()
3
\ R -
ge skin-fat valume (om ]
9,9 = relative density of fat tissus
111) Skin-fat index
s = Mo, 100
&
whera SFI =  skin-fat index
Mge ¢ skin-fot mass (kg)
amM = body mass (kg)

All tissue messes In grams wera convertsd to kilograms by dividing by
1000,
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Tissue area 38 a percentage of body surface ares

An alternative mathad of calculating the tissue index was devised
and utilized in the present study., Crose-sectional tissue area
wss expressed as a parcentage of predictsd nuds body surfece area.
The latter wes determined by means of the Du Bois height-weight
formuls (Du Bods end D Bols, 1916).

The bone, muscle and skin-fat indices of both upper limbs were
determined hy means of this alternative method.

Bore index (8SA)

a _ ki
¢ a?
whare Ay = cross-ssctiunal bone area (umz)
d = bi-epicondylar diametsr (humerus)
4 = 3,0
srtesm - s
BSA
where BI (8SA] = bone index (body surface area)
AB = bone area [n")
BSA = body surface area (m”)
) Muscle index (BSA)
. 2 2
A g = < % ) . *
(3,00 “
where A, = cross-sectional muscle ares (cm2)
dMB = lean diameter (muscle + bone) (om)
dg * bi-epicondylar diameter [humerus) {om)
- A
MI (B88AY = ™ . la0
BSA
where MI (BSA} = muscle index (body surface area)
Ay = muscle area (m")

BSA «  body surfacs avea (m?)
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131} Skin-fat index (BSA}

2 Vi

Agp L SR B
4
where ASF = cross-gectional skin-fat area [sz)

¢ = dismeter of the arm (cm)
dME = lean diameter {muscle + bon~} [cm)
SFI BSA} = Ag.

=2 am

BSA

where SFI (BSA)

skin-fat index (body surface area)

Age - skin-fat area (n’)
BSA < bady surface arsa (%}
ALl the tissue areas exp: in square es wers divided

by 10 00D for converrion to square metres.

Adipose Eissus

a. Percentage or relative body fat, which refars to the total fat
mass es & percentage of body mass,was detarmined by means of the
technique emsloyed by Durnin and Rahaman (1987).

Four skinfolds, the triceps, biceps, subocapular and supra-iliac
skinfolds, were summed and converted into a logarithmic value which

was then substituted in the following regressian equations:

Male 5] = 1,1610 - (0,06328) 8¢ = 0,006
Femala D = 1,181 - (0,07208) s, = 0,0096
wrere D = predicted body density (g/mll
s = log (18%) of the sum of the 4 skinfolds
s, = standard trror of the estimate

oF

Percentage body fat was then determined by the formuls of Brozek
st al (1983). This formula has been recommendad for its uniformity
by Novak (1874a).

o= 100 ( 2370 4,142)
where  F - body fat as a parcentage of body mass

O =  predicted density (g/ml)
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b, Fat mass pr sbsolute body fat was valculsted by the formulas
moo= LA

100
where i = fat mass (kg)
F = percentage body fut (predicted
BM = body mass (kg)

V. Lean body mass
Lean body or fat-fres mass was calculated by the formula:

LBN = 8- 1

whers L8 =  lesn body mass lkg)
& =  body mass (kg)
FM = fot mass (kg) (predicted)

'Ideal® body mass

Standard height-wsight tables are generally used to pradict the
‘normal! or ‘average’ weight from height. Although these tables
are of some practical value,they do have a number of serious
shortcomings. The fact that body composition or the gross
proportion of bone, muscle snd fat is completely neglected is
probably one of the most serious faults (Clarke H.H., 1876).

The term 'idesl' weight,defined as the weight ascociated with the
most favoursble mortality, is often used instead of average or
stendard weight,which inplies normality and biological
desirability (Keys and Brozek 1953).

The terrs 'ideal’ body mass end 'ideal’ percentage fat are used
in this study and they refer to the most Favoureble mass and
percentage fat for a particulor type of physical sctivity or
spoTt, in this cees tennis.

An alternative practice) method of predicting ’ideal’ body mass
which considers body composition and is therefore believed to be
superior to the standerd height-weight method, was devised by the
present writer and used in this study after consultation with

frofessor L.P. Novak. The ~~thod involved the fuollowing procedures:
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a. The determination of percentage body fat, fat mass and lean body

mass according to the methods and formulae presiously presented in

this study.

b. The determination of ‘idesl' fat mass (IFM) by the formula:
. InEF
] -
whers IFM = rideal’ fat mass (kg)
I%BF = 'idesl’ percentags body fat
(9,5% males, 17,5% fenales}
am = body mass (kg)

Percentage body fet norms for a large variety of physical activities
and sports, have been established by numerous investigators

{81oan, 1967; Novak et al,1888; Girandola and Katch, 1973; Behnke and
Wilmore, 1974; Van der Merwe and Jashne, 1975; Copley, 18768: Lubbert
1978).  On the basis of these norms a fairly chjective selection
of 'ideal’ percentage body fat can be made for an individual. In
the case of a sedentary adult mele for example, a value of 16,5%

would be appropriste since values rangs from 15% to 18%.

From a study conducted on international tennis players (Copley,
1876a) the 'ideal’ percentage body fat values selected for the mele
and female were 9,5% and 17,5% respactively.

c. The celculation of 'ideal’ body mass by means of the formula:

IBM = LBM o+ IFM

where  I8M *ideal’ body mass (kg
LBM = lean body mass {Kg}

IFM = ‘'idesl' fat mass (kg)

A fat rating which provided information concerning the amount of
fat to be lost (designated by a negative value) or gained
{designated by a positive value) in order to attain the 'ideal®
body mass, was calcylated by means of the formula:

FR = mm - M

where FR = fat rating (kg)
‘ideal’ fat mass (kg}
FM = fat mass (kg)

H

H

E
"

e
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The 'ideal’ body mass and fat rating of each subject were calculated
by means of a speclally prepared Hewlett Packard programme.

Androgyny
The degree of masculinity in physique was estimated by means of the
an-irogyny index of Tanser (19513.
AL = (3 x BIACROM} ~ BICRIST
where AL = androgyny index
BIACROM = biacromial dismeter (cm)
BICRIST = bicristal dismster (cm)

This index is bassd on the relationship of shoulder and hip width

and was calculated for both female and male subjects.

In 2 study by Melina and Zavaleta (1876), lewic Females und
males had endrogyny indices remging from A id a4 to 98
respectively.

Relative index of tissue asymmetry (RIA)
Wolanski (1872) davised the following formula for the calculation
of the relative index of asymmetry:

RIA = -k, 100
v R
where iR = ar c mean of ervation on the right sids
% = erithmetic mean of obssrvation on the left side

This formula expresses the degree of asymmetry betwsen right and
left sides of the body and direct comparisons can be mads
irrsspactiva of the valuss being investigated.

A slight modification to this formula was made for the calculation
of the relative index of tissue asymmetry.
RIA (T) = 2 (XD - XND) 100

XD * XND
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where  RIA(T) = relative index of tissus asymmetry

XD = variable on dominant side
XND = variable on non-domipant side
Dominance wes by The rig side was

taken as dominant in the case of right-handed players and the left-
hand side as dominent in the case of left-handed players.

The RIA's of all the leen volumes 2-d bone, muscle end skin-fat
indices were determined for sach subjmct. A positive RIA value
indicated that the value on the dominant side was greater than that
on the non-dominent side (D > ND). A negative RIA value indicated
that the value on the non-dominant side was greater than that on
the dominant side (ND > D).

Somatotype
The somatotyps expresses physigue or body build in relation to its
shape and proportion. Carter (1875) defines the somstotype as a
description of present morphologicel conformation., It is expressed
in a thres-numeral rating, consisting of three sequential numerals
which are always recorded in the same order. Each numeral provides
an evaluation uf one of the three primery components of physicue,
which describs individual variations in human morphalogy and

composition.

Endomorphy. the first somstotype component, refers to the relative
fatness in the physique.

Mesomorphy, the second component, refers in essence to relative

musculoskeletal development per unit of stature

Ectomorphy, the third component, refers to relative leanness or

linearity in the physigue

The anthropometric somstotyping metlod of Heath and Carter {1887)

wes used in the present study.
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Anthropometric measurements

Ten measursments wers required in order to determine the three
somatotype components. The technigues and eguipment used to take
these measurements have been described in a previous section (3.5.1}

The measurements were:

Body mass (kg)

Stature (cm)

Skinfolds (mm): triceps, subscapular, supra-iliac and calf
skinfolds measured on the right-hand side

Bone diameters {em): bi-spicandylar [humerus) and bicandylar
{femur)

Girths (om}: celf and contracted arm

The diameters and girths were measured on both the right- and left-
hand sides, but in sach instance only the greatsr of the two measurss
was used (Carter, 1975).

Somatotype caloulations
Endomorphy was determined from the sum of the triceps, subscapular
and supra-iliac skinfolds. Mesomorphy was derived from the
deviations of bone dismsters and fat-corrected calf and contracted
arm girths from designated values for the stature of the subject.
Ectomorphy was obtained from a height - waight ratio (reciprocsl af

the ponderal index) where stature was divided by the cube root of

‘mass.

The three component ratings constituting the Heath-Carter anthrope-
metric somatotype were calculsted by means of computer programme
recommended by Carter (1976). The programme included a stature
corrected sndomorphic rating, but since nane of the subjects was a
child this was not used.

Somatotype frequencies were also plotted on somatocharts. The
locetion of & somatotype in terms of X and Y co-ordinates on the

somatochart is referred to as its sometoplot.

The somatotype dispersion distance and the somatotype dispersion
index 2lso wers determined, These statistics wers developed by
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Ross et_al (1874 and are analogous to individusl and mean values
in ordinery peremetric statistics. They provide a more sophisticated

means of analyzing somatotype data.

Tha sometotype dispsrsion disztence (SDO} is the distance on the
somatochart betwsen each subject’s sometoplot and the mean sample

somatoplot (§).

The somatotype dispersion index (SOI) is the mesn somstotype dis-
persion distance of ell the somatoplots in a sample.

Until guite recently somatotyps comparisons were limited to
comparisons of the individual components. While the megnitude of
the individusl components is of obvious importance, treatment of
the components as independent variables destroys the concapt of
relative dominance. By means of the formulae of Ross et al (1874),

differences or differences among the mean somatoplots
of the four groups were determined. The t-test was utilized to
compare the individual somstotype components of the groups.

a8 PHYSIOLOGICAL DBSERVATIONS

Each member of the research team was responsible for a spscific
physiclogical assessment. ALl equipment was regularly calibrated and
particular care was taken to ensure accuracy and to eliminste measurs-

ment and recording errors.

3.6.1 Maxiral asrobic power (Y0, max)

Maximal aerobic power, or Vi, max, refers to the body's ability
to utilize the grestest amount of oxygen during strenuous exercise.
It was indirectly measured and essessed by means of the adjusted Astrend-
Ryhming nomagram which is shown in Figure 2 (p.121).

A frictionally braked Monark cycle ergometer was used to provide a six-
minute workload. The pedal frequency was standardised at 80

revolutions per minute.
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Figire 2: Adjusted Astrand-Ryhming Nomogram
From Astrand and Rodahl (1870




122

The accu:acy of predictions of VDZ max from the nomogram has been shown
to depand upon the workload used, within the heart-rats range of 120 to
170 bpm (Astrend and Radahl, 1870). The workload (450 to 1200 kgm) was
selected to induce & steady state condition in which e heart rate of

between 160 and 170 beets per minute was atteined. Unfortunately, not
all the subjects attained heart rates within this range. A Cardionics

cardiometer was used for ths continuous monitoring of heart rate.

when a steady state sondition was not reached within the six-minute
periad, the lstter was prolonged for a further one or more mirutes.

The saddle and hendlebar heights of the oycle ergoms
ta suit each subjeot, thus ensuring uniform mechanical efficiency.

ware adjusted

Care was taken to ensure that tne subjects hed nelther eaten nor par-
ticipated in any form of strenuous physicel activity during the two hours
before testing,

Workload and oxygen consumption (&/minffwere separately utilized with
the sttssned hasrt rate to deterwins the predicted V0, max (L/min)
from the nomogram. When recessary, the pradicted veluss were carrected
for age (Astrand I., 1860). The correction factors for the respective
age groups are shown in Table I.

Jable I: Age correction factors for predicting maximal aserchic power

Age {yrs) Age correction factor

g
15 - 24 1,10
25 - 34 1,00
35 - 39 9,87
40 - 44 0,83
45 - 49 0,78
50 - 54 0,75
55 - 59 9,71
60 - 84 0,88
85 + 0,85

Fram Astrand and Rodahl (1870}

¥ The techniques used to measure oxygen consumption (Vi ,
described in detail in the following section (3.6.2).
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The corrected absolute value was converted to millilitres and divided by
the subject's body mass. This step was necsssary in order to express
maximal aerobic power in relative units of millilitres of oxygen per
kilogram of body mass per minute (ml/kg/min). It was expressed alsc
in millilitres of oxygen per kilogram of LBM per minute (ml/kg LE8M/min).

3.6.2 Mechanical e:siciency
The efficiency of humsn movement may be gauged by the calculating

of mechanical efficiency.

total external work output
#.E. (Gross) = . 100
total energy input

At present the mechanical efficlency of tennis playing cannot be deter-
mined because there is no means of accurately measuring the tobal

external wark output.

Net mechanical efficiency is a more precise determination since a
correction 1s made for the resting ensrgy coct. Since exercising VO,
was determined during the Astrand-R: ning submsximal cycle ergometer
test, only resting inz was required for the caiculation of

net mechanical efficiency. The formula used was:

ME = (TEWD x 0,002344)
S X T 100
V0, - RVD,
where ME = net mechenicel efficiency (%)
TEWO = total external work utput (kgm/min) x

pedal duration (min)
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pV0, = pedsl oxys 3 consumption (g/min STPD)
caloric v 3 (Kgel)

R\'/nz = resting o.  n consumption (g/min STPD) x
caloric value (keal)

0,002344 = kcal conversian factor

The non-protein respiratory quotlent was calculated at rest and while

the subject was pedalling from the formyla:

rQ =

uhere €O, =  valume af certan dioxide produced (L/min STPD)
and 0, = volume of oxygen conaumed (&/nic STPO}

The esloric values at rest and during pedalling were determined from the
caleulated RG's and Table II.

Table II: Caloric values for non-protein R @

RO Kosl/t0, RO Koal/20,
G,707 4,688 0,88 4,875
a,71 4,680 0,87 4,887
0,72 4,702 0,88 4,893
8,73 4,714 0,89 4,811
@,74 4,727 0,90 4,924
0,75 4,730 0,91 4,338
0,76 4,751 0,92 4,348
0,77 4,764 0,93 4,951
0,78 4,778 0,94 4,873
8,78 4,788 9,85 4,985
0,80 4,801 4,86 4,886
0,81 4,813 0.87 5,010
0,82 4,825 0,88 5,022
0,83 4,838 0,98 5,035
0,84 4,850 1.00 5,047
0,85 4,882

From Lusk (1928)
Oxygen sonsumptions during reat and exercise were assessed by the open-

circuit method of indirect calorimetry (Clarke D.H., 1875).

While the subject was comfortably sested on the cycle srgometsr, expired

air was collected for ana minute in a Collins osanvas type Douglas
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bag by means of a thres-way Otis MoKerron valve. An Omege stopwatch
was vsed for all timed periods.

Suring the last minute of the cysling work bout enother collection of
oxpired gas was made 0 @ second Douglas beg. The velume and temper-
ature of the expired air in each Douglas beg was then measured with a
Colling Singer respiratary gasmeter. A Colline motor blower was used

o convey the air from the Douglas bogs to the gesmeter.

The oxygen concentratiune{%) of the expired air were dsterminad with a
Beckman electronic axygen analyser (Model OM14). A Backman slectronic
, @nslyser (Model L8 2) wes used to measure the concentrations (%)
of carbon dioxide. Water vapour pressure (PH,0), wiich depends upon
the temperature of the expired air, was determined from Table TII

isble ITI: Values for water vapour tension at varicus temperaturas

Yoo FH0 Tamp FH8
G & ) 2
{embgr 3 o)
20 17,54 a1 33.70
21 18,85 32 35,66
22 19,83 33 37,73
23 21,07 33 39,80
24 22,38 a5 42,18
25 23,76 ES 44,58
26 25,21 a7 47,07
27 26,74 38 49,88
28 20,35 3g 52,44
29 90,04 40 55,32
i 31,82

From Clarke D.H. (18751

T Tollowing seriles of formylae from D.H. Clarke (1975} were then used
o ceiculate the oxygen and carbon dioxide volumes, corrected to

endard temperature (9°C) and pressure (760 mmHg), dry (STPO)

N Volume of ventilation per minute, ambient temperature and pressure,

saturated:

VE(ATPS) =

shere VE = - )luma of adpirad gas as measured
rt = wcollestion time dn ssconds
80 = sunvarsion of volume frowm seconds te minutes



- . FIO, (1 - FECO,) - FEO, (1 - FICO.
Vo, (87PS) = VE (BYPS) 2 ¢ 2 TR ¢ 34
(1 - FIO, - FICO,)
where  FI0, = proportion of axygen inspived (D,2083)
FED, = proportion of oxygen exirsd
FICO, = proportion of carbon dioxide inspired (0,0003)
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The VE ATPS wea converted to volume of ventilation per minute, body
6 and pressure, saturated (VE BTPS), as follows

. . 310 Py - PHO &t T
Ve (aTPs)~ VE(ATPS,
(BTPs)~ VEMTPS) s T Fg - 47
where T = temperature of the expired air in degrees Lslsius
Py = bparometric press.re in mm Hg
PH0 = water-vapour tension at T

Watar-vapour tension at the designated temperature (T) wes obtained
from eppropriste tables. The value 47 is the alveclar PH,0 in
mm Hg, 310 1s the average respirstory tract temperature in deg K

ard 273 is the temperatura at absclute zers in deg K.

The oxygen consumption per minute (BTFS) wes caloulated from know-
ledge of tta proportion (fraction, F) of the oxygen and carbon
dioxide expired, along with the known values of both geses in the

inspired air, as follaws:

FECGZ = proporticn of carbon gioxide expired

The U, (BTPS) was converted to STPD, sccording to the following

273,0 Py - 47
3to,0 * 760

VDZ {STPD) = \ICI2 {BTPS)

The \'/CCI2 [B7PS) was calculsted fram the following formula:
FEEDZ[l-FIDZJ - FICDZ(l—FHUZ]
Q- FID2 - FICDZJ

{ico, (aTPs) = VE (5TPS)

Uico, (STPD) was celculsted as Follows:
273,0

lco, (sipo) = Voo, (BTPS)
316,0




127

A Hewlett Packard programnsble caleulstor (HP - 67) was used to
calculate the resting and pedailing axygen cansumptions which,in turs,
were utilized for the determination of net mechanical efficiency. A
speclally prepered programme ensured rapld resulte and a high degree of

cnmputatinnaf acouracy«

The efficiency of competitive singles tennis playlng wes also assessed
by expressing the measured 002 during play as a percentage of the
predicted Vuz max.

3.6,3 Epergy expsnditure

Energy expenditure or cost refers to the amount of energy utilized
by the body per unit of time, The absolute energy cost (gross) of
competitive singles tennis playing was determined by means uf the

formula:
GEE - U, x OV x 4,183
whers  GEE = gross snergy expenditure (kI/min
Quz = oxygen consumption (&/min $TPD)
oV - caloric value {keall
4,983 = ki conversion factor

A portable Kofranyi - Michaelis respirometer (dry gas meter) was carried
on the subject’s back and @ nose clip and mouth piece were worn during
the test. The subjects were requested to play as they normelly would
under singles match conditions for 10 minutes prior to the collecting
period. This procedurs was adopted to ensure sufficient physiclogical
adaptation at the start of the collecting period which was then continued
for a further 8 to 10 minutes. The respirometer, with o mass of only
about 4 kilograms, placed only a slight restriction on movement about

tha caurt,

While playing, the subject inhaled atmospheric air and exhaled into the
meter through a three-way valve. A small fraction of this exhaled air
10,03%) was diverted into & rubber bladder connected to the meter
After the test the total volume end temperature of the expired sir were
read of f meters housed in the respirometsr. The oxygen and carbaon
dioxide goncentrations {% in the semple of expired air, Onz (4/min)
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and caloric value (keal) wers determined with the same squipment,
techniques and formulse described in the previcus section (3.6.2,.
When the RQ was greater than 1,0 as ogourred in a few cases, the
saloric value was taken to be 4,85 kilocalories as recammended by
wyndhem (1874).

The relative ensrgy cost of competitive singles tennis playing was also
determined by expressing the playing \'Io2 as a percentage of the \‘n::2 max.

Since it was possibls only to simulate match conditions, somewhat higher
valuss could be expected under actual matoh circumstances s a result
of the inireased metabolic activity brought about by numerous peycho-

logical and physiological stresses and strains,

Surprisingly, the subjects particularly the Females, were reluctant to

participate in the energycost determinations,

3.8,4 Swesat-rate

This refers to the lass of liquid from the bod: per unit of time
by the process of sweating. The net body mass change method was used

to determine sweat-rate., The formulae were:

Sl = IBM - FBM + LT ~ W - FP

where sk = sweat-loss (g)
1Iem = initial body mass {g)
FBM = final body mass (g}
I = liquid intake (ml)
uv = urine voided (ml}
PP - fascss passed (g)

Sweat-loss mass was converted to sweat-loss volume by means of the

Tormulas
Ll
v = a4
v D
where v = sweat~loss volume (ml)
il = sweat-loss mess (g)
[’} = density of sweat = 1,003

Sweat-rate was determined by the formula:

60 Vv

R = . —
g0 1000




where SR sweat-rate (R/hrl
ED exercise duration (min)
v sweat-~10ss velume (mi)
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Sweat-rate determinations were made under actual match conditions and,

For the purpose of meaningful comparison, sweat-rate was alsa expressed

in litres per square metve of body surface area per hour (R/m2/hr).

The subject’s initial body mass was measured immedistely before
competition with a Seca besm balence scele, This nude body mass was

recorded to the nearest 25 grams.

Subjects who normally drank during competition were provided with 1500

miliilitres of water or 'isotonic game’ which is @ replacement liquid.

Final nude body mass wes measured directly after competition. The
subject’s heir and body were carefully driad before this final measure-

ment, which also was recorded to the nearest 25 grams.
An Omags stopwatch was used to measure the total playing time.

The volume of ingested ligquid was determined by subtracting tha liquid
returned by the subjsct Ffrom 1500 millilitres.

The subjects were requested not to urinate or defascate from the time
of the initisl body mass measurement to the final measurement after the
match since this would necessitate careful collection and measurement
of the urine voided and/or the feeces passed. To cur great relief =11
the subjects were most co-operative in this respect. Whether this
co-oparation was dus to 'natural contral’, ‘inherent shyness' or the

rigours of competitive play remsined an unasked and unanswered qusstion.

3.6.5 Static and dynamic pulmonary volumes

A Godhart expirograph EP 16000 (wet type) was used for the

measurement of pulmonary volumes and capacities.

The subject wore & nose clip and mouth-piste, The mouth piece was attached
ta a three-way valve which was connscted to t

expirograph, The test was
conducted with the subject in a standing position. Smoking wes prohibited
for at least one hour before the test and all restrictive clothing was i
removed as recommended by Kral (418743,
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The subject was instructed to breath normally, then to inhale maximally,
to hold the breath for one to two seconds and then to exhale as rapidly
and complstely as possible. This procedure was practised hefore being

recorded on the expirograph chartpaper as a spirogram.

The following static and dynamic pulmonary volumes were caloulated

girectly from the spirogram:

A. Tidel volume (TV), or the volume of air inspired or expired during

normal breathing.

B. Inspiratery reserve volume (IRV), or the maximel emount of air

inspired from & normal. resting, end-inapiratory level.

. Expiratory reserve volume (ERV), or the meximel amount of air
expired from a normal, resting, end-expiratory level (De Vries 1975,
Guyton 1876).

The following pulmonary capacitiss were derived from two or mora of

th2 maasyred volumas.

D. Inspiratory capacity (IC), or the maximsl volume of air inspired
from a resting expiratory level, was determined by the formula:

o= Vo IRV
whers IC = inspirstory capacity (4)
W= tidal vaiume (4)
wmyo o= inspiratory ressrvs volume (4)

E. Vital capscity (VC}, or the maximal volume of air expelled from the
lungs by forceful effort following a maximal inspiration, was cal-
culated by the formula:

Ve = IC o« ERV
where VC = vital capacity (2)
= inspiratory capacity (2)
BRV = expiratory reserva volume (£1

The inepiratory and vital capacities were also calculated directly
from the spirogram in order to check the indirect calculations.
Relative lung size was also detsrmined by expressing vital capacity
in relation to body surface area [E/mzl.
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Forced expiratory volume lFEV17

Respiratory function was assessed by neasuring the forced
axpiratory volure per sscond or the meximum amount of air expired
$rom the lungs in one second after  meximal inspirstion (Astrand
and Rodahl, 1970). This is a messure of absclute lung power.

Forced exprratory volume index lFEV1 n

This index, which 1s a measure of reletive lung power, was determined

by the Formula:
FEV, T = FEVy , 100
Ve
where  FEV,T - forced expiratory volume index (%)
FEV, = forced axpiratory volume per second (1
v o= vital capacity (%)

Al the volumes and capacities Wers canverted from amblient tempera-
ture and pressurs saturated (ATPS), to body temperature and pressure
saturated (BTPS), by the farmula (Clarke D.H., 1875):

.
Visres) = Viates) . A
Py - 47 3T
where  V(poooo volume at body temperaturs and pressure

saturated (4}
V(ATPS) = volume at smbient temperature and pressure
saturated (21

Py = barometric pressure (mm Hg)

PHZO = water vapour pressure [mm Hg) at T

47 = alveglar FHZD {mm Hg)

310 = average raspiratory tract tempereture (K )
273 = temperature st absolute zero{‘k

T = anbisnt temperature (°C)

3.6.6 Flexibility

Static flexibility, which refers to the range of mation in a

joint, was measured with a Leighton flexometer (De Vries, 1975). This

instrument contains a weighted 380 dsgree dial and a pointer, both of i

which move freely and independsnily, being controlled by gravity. Each

has 2 separate locking device
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The {iexometer was strapped to the part of the bady being tested. The
dial was locked when it became steady at one extreme of a prescribed
movement, and the pointer was locked when it besame steady st the other
extreme position of the movement. From the indicator windaw on the
flexometer, the arc through which the movement took place was read to
the nearest degree (Clarke H.H., 19753,

Each flexibility test wes conducted twice and when the observations
differed by five degrees or less, tha average was celculsted. In the
svent of differences excesding five degrees, the test was performed a

third time and the two nearest observations were aversged.

The shoulder, elbow and wrist flexibility tests were conducted on both
the right and left sides.

The following flexibilicy tests were conducted (after Leighton, 1886):

A, Shoulder-joint

I. Flexion - Extension

The subject stood with heels, buttocks, upper back and rear of
the head in contact with the vertical section of & portable stadio-
meter. The flexomater was securely strapped to the lateral side of
the amm just above the elbow. From the side of the body the fully
extended upper 1imb was moved as far as possible forward and upward
and then downwerd end backwsrd in a vertigal arc.

IT. Rotabinn

The same body position was assumed as in the shoulder flexion

and extsnsion test. The instrument was fastened to the lsteral side

of the forearm just below the wrist.

‘The srm was abducted and held parallel with the floor while the
elbow was flexed at right angles. With this position of the arm
maintained throughout the movement, the forearm was moved downward
and backward, and then forward, upward and backward in a verbical
arc ss far as poseible.

Elbow-joint
I. Flexion - Extension

The subject assumed a squatting position and placed one arm
across the corner of a table so thet the elbow extended just beyond

one adge and the armpit rested against the near edge. Tha instru-
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ment was strapped to the lateral side of the wrist. The movement
involved maximal flexion and extension of the elbow.

II. Supinetion - Pranation
From s squatting position the subject placed the forearm across
the corner of @ table with the wrist projecting just beyand the
table suge. The Flaxometsr was strepped to the front of the Fist.
With the wrist held straight the fist was rotated maximally ir a

clockwise and then anticlockwise direction.

According to Leighton (1858, this tast is a measure of radial-ulnar
supinstion-pronstion and is classified under elbow-joint. Howsver,
strictly speaking, it should not be classified Lnder elbow-joint as
pronation and supination are related to the superior and inferier
radio-ulnar jointe. Th) test is referred to simply as & measure of

supination and pronatien in this study.

Wrist-joint
I. Flexion - Extension

A squatting position was assumed end the subject placed the
forsarm agross the corner of a table so that the wrist rojected
Just beyond the sdge. The flaxometer wde attached to the back of
the hend (lateral side). The fingers were then clenched to form
a fist which was moved upward {extension} and downward (flexion}

1n ss largs an arc as possible.

This test is described by Lsighton [19B8) ss a measure of wrist
ulpar-radial flexion. Since radisl flexion is sometimes used for
radial deviation and likewise with ulnar flexion, 1t is evident
that this description is misleading. The test measures flsxion
and extension at the wrist-jaint and is therefore referred to as

wrist flexion and extension in this study.

Hip-joint
I. Flexion - Extensian

The subject assumed e standing position, feet together, knees
fully extended and uppsr limbs extended, with hends claspad above
the head, The instrument was strapped to the right side of the hip
reglon at umbilicus helght. The subject wss Instructed to bend forward
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and backward as far as possible, without maving the fset or flexing
the kness.

II. Abduction

The flexometer was attached to the back of the right leg just

above the heel. From a standing position, with feet together, kn
extended and arms at the sides, the subject moved the right lower
limb laterally (abduction) as far as possible. The knees were kept
extended, the trunk verticsl and the fest parallsl throughout the

movement .

Leighton (1868) describes this test as a measure of hip adduction
and abduction. Since it is possible to adduct beyond the stationary
1mb to the opposite side, the test is, in fact,a measurs of hip

abduction end not adduction and is referred to as such in this study.

Trunk flexion - extension

The position of the bady and the prescribed movement were sxactly
the same os in the test of hip flexion-extsnsion. The position of
the flexometer, howavar, wes different. It was strapped to the
right side of the chest just below the armpit at nippls height.

Since the prescribed movement involves trunk and hip flexion and
extension, the reading obtained for the hip flexion and extension
test must he subtracted from the trunk and hip reading in order to

obtain the actual measurement of trunk flexion and extensicn.

TFE = T + HFE -~ HFE

whers TFE =  trunk flexion and extension (%)
T+HFE =  trunk and hip flexion and extension (°)
HPE = hip flexion and extension (")

Trunk lateral flexion

The body position used in the hip abduction test was assumed. The
flexometer was strapped to the cantre of the back at nipple height.
The prescribed movements involved banding sideways to the laft and
right as far as possible without leaning forwerds or backwards. The
feet were kept flat on the floor and the knees fully extanded
throughout the movement.
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G. Ralative index of flexibility asymmetr

The relative incex of shoulder, slbow and wrist flexibility

asymmetry was determinad by means of the formula

RIA (F) = 20 - fw?
Bt e
where  RIA (F) = relative index of flexibility asymmetry
XU = ¥flexibility variable on dominant side
XND = flexibility variable on non-:lominant side

As 1n the cass of the relative index of tissue asymmetry, dominance

was determined by handedness.

3.8.7 Deular dominance

Although normal vision is binocular, involving the use of both
ayes, there is usually ane eye, referred to os the directing and
contrelling aye, which is pradominantly used (Benton st al., 19853,

Ocular dominance was assessed by means of the binocular peep-hole or
hole-in-card test described by Hurtt et al (1872}, A tardboard card
{30 om x 20 om) with a small centrel hole, six millimetres in diameter,

was held in both hands at arm's length. The subject was positioned six
metres from a fleshlight and instructed to raise the card so that the
light could be seaen through the central hole with both eyes.

The subject was right-eyed dominant 1f the light could no longsr be
seen after the right eye wes vovared, If the 1ight disappeared when
the left sye was coversd, left-eyed dominance was indicated. The test

wes condusted twice on each subject.

3.8.8 Eye-limb concordance/discordance

Having sssessed handednass (upper-limb dominance) and ocular

dominance, eye-limh i , as sither crossed
latersiity or unilaterality,was determinad for each subject. The
subjects were also guestionsd sbout their groundstroke proficiency to
determine the possible relationship betwsen backhand and forehand drive
proficiency and eye-1lumb concordance/discordance.



3.7 SIOCHEMICAL OBSERVATIONS

Blood specimens were taken immediatsly before and after competi-
%ion in order to determine bloocd glusose, lactate and slectrolyte

changes induced by competitive tennis playing.

Four-millilitre samples of venous blood were hypodermically withdrawn
#rom & suparficial forsarm vein by a qualified nursing sister.

The specislly prepared blood samples were stored in ice and analysed
within fen heurs by the Industris) Mygiene Division of the Chanbsr of
Mines.

3.7.1 Blood plucose

A cdisposable capillary pipette containing 50 wmicrolitres ()
whole blood was emptied inte 500 microlitres premeasured ice-cold
perchloric acid (0,3 normal). This selution was used for the deprotein-
ization of the bloed (Tfelt-Hansen and Siggard-Andersen, 1971). The
sample was then centrifuged and the blood glucose cancentration {mg/100
m1) determined by means of snzymatic spectrophotometric methods,
based on the Biochemics Tsst Combinpations from Boshringer Mannheim
{Jooste et al., 1978).

5.7.2 Lestate

A disposable cepillary pipette conteining 50 microlitres
whole bleod was emptied into 250 microlitres premsasured ice-cold
perchioric acid (0,6 normal). After being centrifuged,the supernatant

was analyssed for lactate concentration (m moles/%) by means of spectro-

pnotometric metho The Boehringer Mennheim kit for lactate was used.

3.7.3 Electrolytes

The remaining whole blood was placed in a non-heparinised tuhe
and stored dn ice,whers 1t was allowed to coagulate. After being
centrifuged, the serum was snalysed to determine the following

slactrolytes:
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A. Sodium concentration (mEa/&) was determined by means of a flame

photometer.

B. Caloiym and magnesium concentrations (mEq/%) wers messured with

an atomic absorption spectrophotomster.

€. Chloride concentration (mEq/%) was determined by means of a

chioride titrstor.

In cantrast to the pre-canpetition drawing of blood which rasultsd in
1ittls or no pain, the post-competition withdrawals of bload were pain-
ful and in soms cases considerable discomfort was experienced. The

explanation for this lies in the fact thet exercise induces

a greater muscle tonus which, in turn, increases the sensitivity of the

receptors in the surrounding cutaneous and subcutaneous tissue.

3.8 STATISTICAL APPROACH

The computer programme used for the statisticsl analyses included
the Biomecical Dats Package (BMDP - P Seriss 1877), the Statistisel
Package for Social Sciences (SPSS) and specially prepared Fortran
Somstotyping programnes (Carter, 1975).

The BMDP programmes which were used for ths large majority of the analyses,
are particularly sulted to the analysis of morphological, physiological
and blochemical data. A Fortran sub-programme was used to convert

peired right and left morphological and physiclogical variables to
dominant and non-dominent veriables. Dominance was determined by
handedness.

The computatiens were done by en I.B.M. 370 model 158 computer at the
University of the Witwstersrand.

3.8.1 Univariste statistics

The BMOP 1D programme was used to cowmpute tha fallowing univariste
statistics: jean, stendard deviation, standard error of the mean, co~
efficient of varlation, the smallest and largest valugs with their

respective z.scores, range and the total frequency.

The median, mede, veriance, first and third guartiles, interquartile

range, shewnsss end Kurtosis were computed using the BMUP 20 programms.
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Histograms end cumulative percentege tables also were provided by this

P . Cumulative percentsge graphs or ogives were constructad for

a number of selected variables.

A. Formulae

% = fxam o= mean
s _ [{(Xj %% - 1] = standard deviation
= /= = stendard evrar of the mesn
2.3 3
5 - Soxg - 0% 7 8™y = skewness
g = {w-%ty sy - 3 = Kurtosis
SE gy = (8/n)" = Stendard error of skewness

1
SE g = (24/n)* = Standard error of kurtosis

3.8.2 Correlations

The SPSS Pearsan carrelation pairwise delevion programme was
-#ilized for the computation of simple correlation matricss. These
basic corralations do not, of course, consider the possible influence
of other related factors. Pairwise deletion was ussd since this method,
in contrast to the listwise method, does not require an equal number

of cases (n) and utilizes all the svailable data. The equivalent BMOP
programme was not used becauss levels of significance were omitted in

the print-out and would have had to be separetely calculated.

A, Formula

Product - moment correlation coefficient

-

fx, -0 o
o2 2] s

L X =Y
[{(xj ” )]

3.8.3 Analysis of variance and covariance
A tug-way snalyeis of variance waes con . 4 with the @MpP 2V

programme to determine the differences among the mesns [cell) of the
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varisbles in the four groups at the 5 and 1 percent levels of canfidence
or significance. The two-way analysis was utilized because of the twa

main factors involved, namely proficiency (professional and amateur] and
sex (male and femslel. Note the fact that the group sizes wers unequal.
when significant interactions were indicated (p < 0,05 or p < 0,01), use

was made of Bonferroni's Least Significant Difference (LSD)
order to determine differsnces in the means amang the groups.

The programre (BMOP 2V) also conducted an analysis of covarisnce., In
this analysis, the acdjusted means of selscted variables in the four
groups were compared in two-way tables, while certein other selscted
variables or cavariates were held constant, The selsction of the
covariates wes bassed on theorstical justification. Differences at the §
and 1 percent levels of significance were determined. When significant
interactions ware indicated. Bonferroni’s Least Significant Difference

test was utilized. The formulae were:

Two-way analysis modsl:

Yijk = 4 o+ By + (LB + E

whers &, = proficiency effest

13k

a o] = sax effect

a4 Bi} = intersction bstwsen proficiency and sex

Bonferroni's test:

LSDBcn * t M3k

o
2K *

where Lsnaunf = Bonferroni’s Least Significant Difference test

o = 0,05
K = 4
MSE = mean square ecror

ny and n, = sizes of the two sanples

3.8.4 toteat

The 'Student’ t-tast was ntilized to campare = somatotype

component ratings of professional end ameteur players. The t-values and
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levels of significance {2-teiled) were determinad by means of Hewlett
Packard t-statistic and t-distribution progremmes. The formula was:

whers t = t-valus; X and ¥ = means of the two samples;
X; and Y, = sum of the deviations in the two samples;

and n, and n, = sizes of the two samples.

The ’Stu
physiological data of the professicnal playe: . “3d sedentary subjects

t7 t-test was used also to comper : ' morphological and

Levels of significance (2-tailed) were determined by means of a Hewleti-
Packard t-distribution programme. The formuls was:

where & = t-valus; df = g *n, -2 K, oand X, = means
of the two samples; S, and §, = standerd deviations of

the two samples: ng and n, = aizes of the two samples.

3.8.5 Non-parametric statistics

A. Twp-way_contingency table
The ohi-squared test was used to test the null hypothesis
that proficiency was independent of the following: lavels of

repr on, , scular domi and eye-limb

concardance/discordance. Having determined the chi-square
statistic (X?), a Hewlett packard chi-square distribution
programme was utilized to either accept [HD) or rejact [H1)
the null hypothesis at the 5 and 1 percent levels of confidence.
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B. Formula

X2 - 4 @,

By
whers @y, = observed mumver in the [ij) cell
Eyy - expected (theorsticall mumber in (ij] cell
&y =
where R, = total of the ith Tow
Ly = total of the jth colum
n = grand total

3,8.6 Linear regression

Bivariste scatter plots and simpla linear regression eguations

were caloulated by means of the BMDP BD programme.

The following statistics were presented with each graph: correlation
coefficient (r), residual mesn square (RMS] and regression equations
and lines of the two varisbles (X and Y). The standard erver of the
estimate (5, = VRIS ] wes calculated end presentsd instead of the
residual mean square because it is expressed in the units of the

dependent varisbie and,is therefors, more easily interpreted.

One varisble could be predicted from enother, with either the regression

equation or the regression linz.

The BMOP 60 programme did not include confidence bands. Confidence
functions were separately caloulated in order to determine §5% confi-

donce bands for the regression surfacss.

A. Formulae

I. Confidence bands

o2
j 1, xR
PALIY] = (atbX) + (JR”S X‘I_Ztu,nsm-z) - TR eIEE?

1
n,us;n-z) DY e

PBLLY) = (a+bX) ~ (JRI"IS W2t
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whare PAL(Y) and PBL(Y) = point abovr and below the Y regression

Line
RMS = residual mean square
= X variable
X = mean of the X variable
SD, = standard deviation of X variable
II. Regression model
Yom By v B X ot B X * e
whare Y = dependent variable
X = independent varishle

In the case of simple linear regression, X, was the only independent

variable in the model.

3.8.7 Multiveriats statistigs

A. Stepwise regression was conducted to construct multiple
linear regression equations, which could be utilized to predict a
The BMOP 2R pro-
Although this prediction is more

variable from a subset of other selected varisbles.
gramme was utilized for this purpose.
accurate than the prediction by means of simple linear regression

equetions, it is not as practical snd often requirss lsngthy cslculations.

B. Stepwise discriminsit analysis was conducted to determine a
subset of variables that meximised differences between the graups.

The BMDP 7M forward stepping programme was utilized for the analysis

A plotting functian included in the programme provided a good visual

repressntation of group differences. :

A classification table in which the subjects wers classified as profesa-

ional or smateur players wss also insluded in the analyses.

The analysis was not conducted simultaneously with all observations
because of incomplete records, resulting from subjscts not having com-
pleted the entire test and measursment battery and becauss of the small
sample (group) sizes in pelation to the number of observetions. The
morphological, physiologizal and bipchemical variables were analysed
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separately. The varisbles found to be impartant in distinguishing among
the groups wars combined and a final stepwise discriminant anslysis was

performed,

C. Factor analysis,in which the initial factor extraction was
by means of the maximum likelihood methnd {maximum likelihood factor
analysis), was gonducted by msans of the BMOP 4M programme. When the
correlation matrix was singular, the enalysis was repeated efter certeia

varishles, specified by the programme, had been removed.

The analysis was conducted in order to summarise a large number of

variables by means of & few variables (factors).

As with the stepwise discriminant analysis, the factor analysis was not
conducted simultaneously on all the observations. The basic morph-
ological and physiological variables were snalysed separately

I, Formula

The factor analysis madel:

T3 = ady ok oal, Fy b aeeeeiein.. o admim s U
where 7, - the jeh standardised veriabls
» = number of factors common to all variablss
U3 = the factor unigue to variable Z3
a3, = fector loadings
£, = common factors

3.8.8 Somatotype analyses

The following specially preparved Fortren computar p

were used for the somatotype analyses (Carter, 1975):
A. Btyps prograwme was used for the computstion of the three anthropometric
somatotyge component ratings.

B. Somatogreph programme was utilized to draw somatocharts and plot the

totypes (somatoplots).

frequencies of

C. SDI programme was used tTo calculate the somatotype dispersion distance
(SOD) and the somatotype disperaion index (SDII.

0. Programme formulae (after Ross gt al., 1974).
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lean_samatotype

o 5 7 n
A S S T AT S T A W
W W W
where § - mean somatotype (3 digit rating)
n = number of cases in sample
Beach of the three were ir 1y

treated.

Somatotype dispersion distance

spD = 3(

where SDD = somatotype dispersimn distance in Y axis units
3 = constant which converts X into Y units when it is
under the square root sign

(%, Yll
and = co-proinaies of any two somatoplots
Xys ¥y)
Somstotype dispersian index
n
I = ¢ &0,
i=1
o
where SDI » somatotyps dispersion index
SDU = sum of the sometotype dispersion distances in &
sample
n = nurber of cases in the sample

Somatotype dispsrsicn varisnce

sV = - sn?
where SOV = somatotype dispersion veriancs
SO0 = individual somatotype dispersion distances
SDI = somatotyps dispersion index (mean of SDDi values}
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Dispsrsion standard deviation

0sD = SOV
whera oS = dispersion standsrd deviation
SOV = somatotype disparsion verience

Somatotype comparisans

Somatotype (sometoplot) differences among the four groups were

determined by the formulae of Ross st al (1974), an HP &7 progremmable

6siculator and Hewlett Packard F-and t-distribution programm

ratio
The F - ratio formula was utilized to assess whether somatotype dis-

persion variances batween two groups differed significantly.

R 8oV,
DV,
where  F ~ ratio of observed somatotype dispersion varisnce
SDV) = somatotype dispersion variance with the greater
magnitude
SDV, = somstotyps dispersion varisncs with the lesser
magnituds
Using ny - 1 and n, - 1 degress of freadom, the obteined F - value

was tested for significance by means of & Hewlstt Packard F -
distribution programme.
t - ratio (equel sometotype varisnce)

Since all the F - values were found to be insignificant, the t -
valya was determined by the furmula:

soo; . 3
t o= * :12530\1Z ( 1 . __L)
ny, -2 ny
whers  t =t - valus

1 -2 = somatotyps dispersion distance batween the
mean somatoplots 8, and 5,
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SD\/1 and SD\IZ = somatotype dispersion veriance of 2 samples
ny and ny = number of cases in 2 samples
SDDE _ 3 was caleulated from the formula:
son; _ 5 - 3(
= ~ordi e §
whers Xl Vl co~ordinates of Sl
X2 Y2 = co-ordinates of Sz

Using n) + n, - 2 degrees of freedom, the cbtained t - value was
examined (two-tailed test) for significance hy means of & Hewlett

Packard {-~distribution programme.

3.9 SUMMARY

Fifty-six professional and 48 amateur tennis players wsre studied
during the 1877 South African Opsn Tennis Championships. The test battery,
comprised of 208 variables, was completed by most of the subjects. The
battery included re, ic, sC logical

physiological and biochemical variables. Personal, tennie and medical

history deta were obtained by means of oral guestionnaires.

Mass, height, diameter, girth and skinfold messurements were taken with
standsrdised, calibrated anthropometric equipment. The basic anthropometric
data were used ta obtain the following: limb and segment lengthss length, dia-
meter and girth indices: androgyny and body surface srea, lean volume, bone,
muscle end skin-fat indices; absolute and relative bady fat; lean and

'ideal' body mass; and the Heath-Carter amthropometric somatotype.

The following physiological variables were assessed: 002 max (Astrand-
Ryhming nomogram); mechanical efficisncy of eyoling and tennis playings
absolute and relative energy cost of singles tennis playing; sweat-rate;
static and dynsmic pulmonary volumes; static ¥lexibilitys and eye-limb
concordance/discordance. The bischemical chservetions included pre- and
post-match blood glucoss, lactate a.d electrolyte (Ns, Ca, Mg and C1)

concentrations,

The Biomedical Data Package (BMOP) was utilized for the computation of

the univariate statistics as well as for the veriance, covariance, linear
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regressian, stepwise regression, stepwirs discriminent and factor analyses.
The Stetistical Package for Social Seiences (SPSS) was used for the

of product-moment correlation i Specially prepared

Fortran computar programmes ware utilized for the somstotype analyses.
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CHAPTER 4

PRESENTATION OF THE DATA

The questionnairs, morphulogical, physiological and biochemical data
of the prasent study are presented in this chapter. The important
results and trands of each major sub-section are singled out, briefly

summardised and presented with the relévant tables and/or figures.

In lables X fo XXI, XXIIT to XXV, XXVII to XXIX, XXXVI to XXXIX and
Figures 3 to 3, 16 to 18,the following abbreviations are used for the
four groups: MP = male professionsls, MA = male amateurs, FP = female
professionals and FA = fsmals amateurs. Page numbers of the tables
and figures cited in the text are included. This ensures guick and

ready access to the relevant tables and figures.

4.1 QUESTIONNAIRE

The frequencies and percentage frequencies of the data cbtained

by meens of oral questicmnaires are presented in Tables IV to IX.

4.1.1 MNaticnality

As can be seen from Table IV {p.154), the male profeusionsls com-
prised representatives of seven nationalities with,the U.S.A., British
and South African nationalities most proménently represented. The
female professionals comprised nationals of six different countriss
with the British, Germen and South Africen nationalities most prominently

sepresented.

The amateur sudjects represented six nationalities: three nationalities
in the cese of the males and three in the case of the females. The majority
of the amateur subjects were South Africans.

4.1.2 Tennis representation
The relationship between the level of tennis representation and pro-

ficiency is shown in Table V (p.155). From this centingency table, ich
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contains frequencies and percentage frequencies, it is evident that there
was a significent relationship between the level of representation end

proficiency (p < 0,001).

4.1.2 Occupation

Past end present occupations are shown in T.ble VI (p.156).
A higher percentage of female professionals, 27,3 percent as compared
to the male figure of 17,6 percent, were involved in coaching. The
position was reversed among the amateurs where 45,5 percent of the vales

and 26,7 rercent of tha Ffemales were coachss.

All the subiazcts had attended or were attending school and 28,5 percent
of the mal. professivnals and 18,2 percent of the female professionals

had attended university or collsge.

4.1.4 Leisure-time physical activitiss

Physical activities conducted by subjects during their leisure-
time are presented in Tabla VII (p.157).

The male professionals’ favourite lelsurs activity was idleness,followed
by golf eno soccer. The female professionals' fovourite leisure-time
sotivity was swimming, followed by athletics and squash. A relatively
high percentage of professionals, particulariy the females, played tennis

in their leisure-time.

4.i.5 Physicel treining programmes

The subjects' past snd present physical training programmes are
shown in Table VITT (p.158).

Long-distance or endurance running was the favourite form of training

for all the groups.

A nigh percentage of professionals, 26,5 percent of tha meles and 27,3
percent of the femsles, old not participate in any type of training

programme other than their tennis practice sessions.

From Table VIII 1t is evident that progressive resistance and Flexibility
training are not so high on the subjects’ 1ist of priarities.
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4.1.6 Injury
Data an past injuries sustained by the subjects are presented in

Table IX (p.158).

The fractures, dislocations and muscle ruptures did not gocur during
tennis perticipstion but at some other time during the subjects’ lives.

The rumber of fractures among male professionals and female amateurs

was surprisingly high.

A relstively high percentage of players, in perticular the Female pro-
fessionals 40,9 percant), sustained sprains while playing tennis. The

ankle and shoulder joints were most commonly involved.

'Tennis elbow' acourred rersly exgept in the femals amateurs.

4,1.7 Tennis perticipation

The tennis participation data are shown in jable X [p.160). Ths
professionals did nat commence playing st a significantly younger age
than the amateéurs. It is evident that there was a large variation in
the starting age of the professionals. The female professionald mean
starting age of 10,8 vears was ths lowest of the four groups

Although “he mean number of ysars playsd was greater among the profes—
sionals than -~y the amateurs, the differenses were not statistically

signiticant.

Ogives or cumulative percaatages of the number of years played in the
four groups are shown in Figurs  (p.161). The ysars played range from
3 to 41 years. Cumulative curves not only reflect the progressive
development of a varisble in each group, but olso provide & gaod visual

indication of group differences and ranges.

As expected, the professionsls spent more time playing tennis tham the
amateurs, both in terms of hours per week and total number of hours
played [ p < 0,05},

The sversge numbsr of full-time years that male and female professionals

spant playing tennis were 5,3 and 5,0 respectively, while the mesns for
male and female amateurs were 3,8 and 3,3 respactively. One full-time
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year comprised an average eight-hour day, five times per week with

twenty-slght working days’ leeve per annum.

The total energy cost or expenditure of temnis playing in the males was
found to bs 27,3 and 14,1 million kilojoulss far the professionals and
amateurs respectively. Thess means differed significantly at the five

percent lsvel of canfidence,
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4.2 BASIC ANTHROPOMETRIC MEASUREMENTS AND IMDICES

Statistics of the basic anthropomeivic measurements and indices
are presented in Tables XI to Xv. They include the means {X), signifi-
cant differences among the four groups, sterderd errors of the mean
(S%) and coefficients of variation (CV). The numbers of cases (n) are
also shown. Means found to differ significently at the 5 and 1 percent

levels of significance are connected by arrows.

%
4.2.1 Body mess, budy surface aves” androgyny end interpupilisry

distance

The statistics of these observations are shown in Table XI (p.185).
The professianals were heavier (mass) and larger (BSA) than the amateurs
(p < 0,01}, The males were predictably heavier, larger and had higher
androgyny indices than the females (p < 0,01).

Intzroupiilary distance differsnces among tha groups were small with the
exception of the amateurs, where the males were found to heve a signifi-
cantly lerger interpupillary distance than the femeles at the 5 percent
level. Cumulative percentages of interpupillary distance and androgyny
in the four grouns are shown in Figures 4 {p.168) and 5 (p.167) res-
pectively, Inuerpupillary distances ranged from 52 to 68 millimetres,
while androgyny indices ranged from 86 to 99.

4.2.2 Lengths and length ingices
From Table XIT (p.168) it is evident that the professionals and
amateurs did not differ significantly in stature, absolute heights or
relative lengths, Although the absolute upper limb and segment lengths
are not included in Table XIT©  differ

nces between the professionals

and amateurs were also found te be non-significant.

The males were characterised by grester heights than the females {p < 0,01),
with the exception of trochanterion height in the amateurs, where the
difference was nan-significant.The males had a significantly greater
absclute upper limb length than the females but these differences were
eliminated when upper limb length was expressed relatively (% of stature).

*Derived anthropometric measurement. 14 was #slt that the absolute
lengths which cowld be sasily determined from the mean dats in Tabls XIX
were of lesser importance than the relative lengths.
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4.2.3 Diameters and diameter indices

As can be seen from Table XIII {p.168), the male and female profes-

sionals had significantly larger biacromial, bitrochanteric and wrist diameterc

than the amateurs. Ths male professionals also had larger bicondylsr

{femur) and ankle diamsters than the male amateurs {p < 0,05).

Predictably, the males wevs found to have significantly larger biacromial,
bi-~iliac, bitrechanteric, bi-epicondyler (humerus), bicondylar (femur),

ankle and wrist diemetere “ha. the females.

Differences in relative biacromial srd bi-iliac giameters {expressed as
a percentage of stature) emong the four groups were not significent. As
expected, hi-iliac diameter expressed as a percentage of biscromial
diameter was greater in the females at the one percent level of

confidence.

4.2.4 Births and girth indices
From Teble XIV (p.170} it can be sesn that ths professionals had
greater upper and lower limb segment girths then the amateurs, at the one

percent lsvel of confidence (calf = p < 0,02).

As expected, the melas had significantly larger sbsoluts girths than
the females {p < 0,01). Howevar, when the girths were expressed rela-
tivelythis was not the case and, in fect, the female professionals had
the largest relstive thigh and calf girths cf <he four groups.

The fe.els professionals had significantly larger thigh girths than
the m: ofessionals and the female smateurs (p < 9,05) and signif-
icantly larger calf¥ girths than femele amateurs at the five percent

level,

3.2.5 Skinfolds

As can be seen from Table XV (p.174), skinfold differences betwsen
the professionals and smeteurs were small. As anticipated, the males had
smaller biceps, triceps and calf skinfolds than the females (p < 0,01).
However, subscapular end supra-iliac skinfold difference: between the
sexes did not follow the expectad pattern and were rot statistically
significant. The femals amateurs' mean supra-iliac skinfold of
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6,0 millimetres was the lowest of the four groups. Their maan sub-
scapular skinfold of 8,7 millimetres was also smaller than the 9,0

millimetres of the male amateurs.

The high coefficients of variation indicate consicerable variation in

skinfold measurements arong the tennis players.
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Teble XII: tengths [con) and langt indices of tannds pleyers
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4.3 DERIVED ANTHROPOMETRIC MEASUREMENTS

The means, significant differences, standard errors snd cosffi-
cisnte of variation of the derived anthropometric measurements are showi
in Tablss XVI to XXI. Coefficients of variation for the RIA values in
Tebles XVI to XIX have not bsen included since this statistic 1s not
defined for negative values, Means found to differ significantly at

the 5 and 1 percent levels are connected by arrows.

4.3.1 Dominant limb and segment leen volumes and RIA's

Statistics of the dominant limb and segment lesn volumes and
ralative indicss of asymmetry ere presented in Table XVI (p.176). The
professional players had significantly larger mean lean volumes in the
upper Limb, arm and lowsr limb than the amsteur players (p < 0,01).

As could be expected, lean volumes were larger in the limbs and segments
of the males than in those of the femeles at the 1 percant level of con-
fidence. Although large variations in lean volume were observed in the
four groups, the amateurs tended to have the highest cosfficients of

variation.

Differences in meen lean volume RIA were Not significant between the sexes,
with the exception of the lower limb, where the male amstsurs and the
female professionals had significantly greater RIA’'s (p < 0,04). The
professional players had significantly grester lean volume RIA's than

the amsteurs in the uppar limb and arm (p < 0,05). The female profession-
als and the male amsteurs had significantly greater forsarm RIA's. The
highest RIA's in all four groups were found in the forearm as can be seen
from Tehle XVI.

Cumulative percenteges of dominant upper limb and forearm lean volumes

in the four groups are shown in Figures B (p 177) end 7 (p.178
respectively. tipper limb lsan volumss ranged from 2100 to 6600 cubie eenti~
metres, while forsarm lean volumes ranged from 800 to 3400 cubic centi-

metras.

4.8.2 Dominant limb snd_segment bone indices and RIA'S
Dominant limb and segment bone indices (determined by sxpressing
bene mass a3 a percentage of body mess) did not differ significantly
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netwssn the provessional and amateur players with the exception of

lower limb indices, where the female amateurs recorded a larger index
than the female professionals at the 5 percent level (Table XVII, p.178).
Differences in upper limb bone index,in which bone area (cross-sectionall
was expressed as a percentage of body surface area (upper limb BSA),

were a so statlstically non-significant.

Male-female differences, at the 1 percent juvel of significence were

found to favour the ma
lowsr limb, The differsnce in Lo
sionals was significant ot the 5 percent level (in favour of the males)

in all measures with the exception of the
limb bone index between the profes-

but the difference between the ama was not sighificant.

The only significant bene RIA differsnces weras found in the forgerm snd
favoured the professioneis. It is clear from Tabls XVII that in all

four groups the largest RIA values were found in the forearm.

Cumulative percentages of dominant upper 1imh bone index In the four
graups are prasented in Figure 8 (p.18€). Bone indices ranged from 3,41
to 0,86 percent.

4.3.3 pominant limb and segment muscle indices and RIA's

From Table XVIII (p.181}.. is evident that the professionals and
amsteurs bad similar muscle indices with the exception of those for the
wpperT limb [BSA), whers the professionsls had statistically grester

indices than che emateurs at the 1 pereent level of confidence.

The males had larger muscle indices than the females (p < 0,01) with
the exception of those for the lower limb, where the females had a larger
velative muscle mass than the malss. Howaver, differences ware not

stetistically significant.

Bignificent muscie RIA differences betwsen the professicnals and amateurs
were found in the upper iimb and arm whers the professionals had greater
wean RIA's {p < 0,08). The female professionals alsc had a larger mean
fovearm RIA than the female amateurs (p < 0,08).

‘fhe femsls professionals had significantly greater mean muscle RIA values
Li tha forearm end lower limb than the male professionals (p < 0,05),
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while the mals amateurs hed larger mesn valuss in the forsarm and lower
1imb than the female amateurs (p < 0,05).

As in the cas2 of lean volume and bone index,the highest mean RIA

values for all four groups were recorded in the forearm

Ogives depicting cumulative percentages of the upper limb muscls index

are displayed in Figure 8 (p.182). Values ranged from 4,1 to 7,5 percent

4.3.4 Dominant iimb and segment skin-fat indices and RIA's

Mean skin-fat indices of the professionals and amateurs dif noi
differ significently. (Table XIX, p.183). The female professionals had
slightly higher mean indices than the 7emale amateurs

The males had smaller mean skin-fat indices than the females at the one

percent level of significance.

No signiticent RIA differences amongst the four groups were found. The
nositive upper Limb, arm and forsarm RTA values indicated that there
was more adipose tissue in the dominant than in the non-dominent limb —

segments.

Ogives of the dominant upper limb skin-fat indices of the four groups
ars shown in Figure 10 {p.184). Indices ranged from 0,5 to 2,2 percent.

4.3.5 Body composition
Percentags budy fat, fat mess and fat reting differances hetween
tha professionals and amateurs were small and statistically non-signifi-

cant, as can be seen from Table XX (p.185),

The lean and 'ideal' body massss of the professionals werse on average

larger then thuse of the ametsurs {p < 0,01},

Pradictably, the malss were found to have smaller body fat percentages
end fat mmsses and larger lean and 'ideal’ body masses than the females

at the one percent level of significancs.

Fat rating differences between the sexes were statistically non-signifi-
cant. The famale professionals’ negative fat rating of 3,0 kg,
indicating a loss of 3,5 kg of fat for the attainment of 'ideal’ body

mass, was the highest of the four groups.
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As can be seen from Table XX, percentage body fat and fat mass varied

greatly amang the tennis players.

Cumulative percentages of percentage body fat (ranging from 7 to 31
persent), lean body mass (ranging from 41 to 80 kilogrems) and *ideal
body mass (ranging from 45 ta B8 kiiograms) are presented in Figures
11 (p.188), 12 (.187) and 13 (p.188) respectively.

4.3.6 Somatotype

Somatotype component, disparsion and somatoplot statistics ave
presented in Table XXI (p,189). Although differances between the male
professionals and amateurs in respect of the thres scmatotype components
were statistically non-significant, the female professionals had higher
mesomorphic ratings (p < 0,06} and lower ectomorphic ratings (p < 0,01)

than the femals amatsurs,

The somatotypes (somatoplots) of the mele professionals and amateurs
differed at the 6 percent level of significance, while those of the
female professionals and smateurs differed at the 0,1 percent level of

significance.

From Table XXI (p.188) it is clear that the amateurs had smaller
somatotype dispersion indices (SDI) than the professionals. Somatotype
distributions on the somatogram of the meles and females ers shown in
Figures 14 (p.180) and 15 (p.191) respectively.
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MUSCLE INDEX U. LIMB

Cumuletive percsntages of dominant upper limb muscle index
in tennis players
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SKIN-FAT INDEX U. LIMG

Figure 10: Cumulative peroentsges of daminant upper Mmb skin-fet dndex
in tennis players
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4.4 PHYSICLOGICAL GBSERVATIONS

Statistics of the physiological tests and measursments are
presented in Tables XXIII to XXVI and include mesns, significant diff-
erences, stendard errors and coefficlents of variation. Since the
coefficient of veristion 13 not defined for negative values, this
statistic has been excluded for RIA values in Table XXV, Means that
differed significently at the five and one percent levels are connected

by arrows.

Recordings of environmental conditions in terms of ambient temperature
(dry bulb), relstive humidity and barometric pressure during the eleven-
day data collection perdod, ora shown in Table XXII (p.195). These data
were required for a number of the physiclogical assessments. The
average morning and afternoon ambient temperature ranged from 16,0 to
30,0 degrees Celsius, while relative humidity varied from 12,5 to 54,0
percent. Barometric pressure fluctuations were batween 626 and 629

fom Hg.

4.4.1 Maximal sercbic power, mechanical efficiency, energy

cost and sweat-rats

The professional players had higher ahsalute 002 max values than
the amateurs st the one percent level of significance (Table XXILI, p.198).

Howaver, when VDZ max was expressed relatively, differences between the

professionals and amateurs were statistically non-significant.

Predictably, the males had grester mean values far absolute Vuz max than
the femoles {p < 0,01). The females had larger mean values for relative
U, max (ml/kg/min) than the males,as is evident from Table XXITI.
Ggives of VDZ max (ml/kg/min) are shown in Figure 16 (p.197) and, as can
be seen, values ranged from 31 ta 85 mi/kg/min.

When 002 max was exprassed in millilitres of oxygen per kilogram of
lean body mess per min (mi/kg LBM/min), the females had highsr values
than the meles (p < 0,01}, The female professionals' value of 71,6
ml/kg LBM/min was excepticnally high.

From Table XXIIT it is evident that differences in mechanical efficiency
and energy cost of tannis playing among the four groups were statistic-

ally non-significant.
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The males had higher mean absolute swest-rates (L/hr) than the females

(p < 0,03} but differences in the meen relative sweat-rates (l/m2/hr)
petwean tha ssxes were found to be statistically nop-significant. Con-
siderable variation in sweal-rate was svident in all four groups. Ogives
of sweat-rate for the four groups are shown in Figure 17 (p.198). Sweat-
rates ranged from 0,48 to 2,15 litres per hour.

4.4.2 Static and dynamic pulmonary volumes

It is appersent from Table XXIY (p.193) that the professional players
hed larger static and dynamic pulmonary volumes than the amateur
players (p < 0,011, with the exception of tidal wvoluwe and FE\Ill,thYE
differences were not statistically significant.

As expected, the males wers found ta have larger values than the femeles
at the one percent lavel of significance for all the pulmonary measures
(tidal volume at the thres percent level) with tha exception of FEV)T
where differences were non-significant. Generally, the females had smeller
variations in static and dynamic pulmonary volumes than the

males. Cumulstive percenteges of FEV, are shown in Figure 18 [p.2001.

Values ranged from 2,6 to 6,8 litre per second.

4.4.3 Static flexibility and RIA's

Although the professional players had grsater flexibility than
the amaceur players in most joints, only trunk flaxian-extansion differ-
ences (in favaur of the professicnals) were found in buth sexes o be
statistically significent at the one percent level (Table XXV, p.201).
Generally, the highest measures of flexibility were recorded in the
shoulder flexion-sxtansion test.

The females had grester supinstion-~pronation (p < 0,01), hip flexion-

extension {p < 0,01) end hip abduction [p < 0,08} than the males. The N
males, in turn, had greatsr trunk flexion-extension than the females at
the one percent level of significance.

Differences in RIA valuas among the groups were insignificant and the
high frequency of negative RIA values indicated that,in most of the
tests, the non-dominant joint had greater flexibility than the dominant
joint.
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4.4.4 Duylar-dominance, handecness and eye-limb_concorgance/discordance
The relationship between tennis proficiency, ocular dominance,

handedness and sye-limb concordanse/ciscardance is shown in Table XXVI

(p.202). Freguencies and percentage frequenciee of the four groups are

alsa includsed.

Although percentege frequencies of right-snd left-syed domfnance wers
exactly the same among the players as a whole, the majority of ths mslas

were left-oyed (54,2 percent),while bl
right-eyed (57,6 percent). Right-syed dominsnce was signifi-

majority of the females were

cantly related to proficiancy in the femelea but not in the males.

The large majority of the players were right-hended, 82,1 percent of
the males and 89,2 percent of the females. Handednsss or upper limb
dominance snd proficiency were found to be indspendsnt of one another.
The majority of the subjects wers unilateral (55,4 percent). In respect
of the professional players, 53,1 percent of the males and 71,4 percent
of the femsles were unilatersl. Unilaterality was significantly related
to proficiancy in the females but not in the males as can be seen from
Table XXvI.
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4.5 BIOCHEMICAL OHSERVATIONS

The pre- and post-match glucose, lactate and electrolyte con-
centrations are shown in Table XVIT {p.204). Differences among the
group means were non-significant for all the measures with the exception
of the females' pre-metoch sodium concentrations, which were significantly
higher than the males (p < 0,05).

Comparisons betwesn the pre- and post-match concentrations within each

of the four groups showed that sodium concentrations in the mals and
female professionals differed significantly in favour of the post-match
values at the § and 8 percent levels respsctively.” Blood glucose
concentrations in both the male groups differed significently in favour
of the post-match valuss at the 7 percent lsvel of confidence. Low

post-match lactate concentrations were recorded for all the aroups.

. The post-maten values were greateT than the pre-match values for all
the measures except magnesium. The male professionals’ post-match
magnesium coneentration was lorger than the pre-metch value as can be
seen from Table XXVII.

=

* A significoncs of up to 10 percent is genarally acceptabls in hia-

¥ chemical studies since the heterogeneity in human beings results in

N large deviati end errors of the mean., As a result of
of the large variation, it is difficult to detect differences st the §
and 1 percent levels of significance.
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4.8 ANALYSIS OF COVARIANCE

4,6.1 Morphologicel varisbles

Differences in the adjusted means of morphological variables
anong the four groups are shown in Table XWWIIT (p.207). The covariates
or varisbles that wers held constant sre shown in the centre column and

adjusted means that differed significantly are connected by arrows.

Comparilsons of the results of the analyses of covariance and variance

indicated the following:

A. Differsnces and significence levels amr.g the four groups
datermined by the analysis of covariance (Table XXVIIT) and variance
(Tables XI, XV, XVIII and XX), wers found to correspond for the fallow-
ing varisblas: body mass (stators), androgyny (mass and stature},
farearm lesn volume (mass, staturs and stylion ht) anc percantage body

fat [mass and statura).

B. Differences between the professionals end ematsurs, found to
be significant by the anslysis of veriance (Tables XIII, XIV, XVI and XX}
but non ~ significant by analysis of covariance (Tabie XXVIII), included
the following verisbles: blacramizl diameter (BSA), foresrm and con-
tracted arm girths (mass and staturel, upper limb lean volume (mass,
stature and dactylion ht], lower limb lean volume (mass, stature and
trochanterion ht) and LBM (mass and stature).

€. Bi~iliac diaméter {BSA) and lower limb lean volume (mass,
stature and trochanterion ht) differences betwsen the sexss in Favnur_
of the males, found to be significent by the veriance anslysis (Tablas
XIII and XVI), became non-significent when the covsriance analysis was
conducted {Table XXVIIL).

D. Fat rating differences batween the professionals and amateurs
({Table XXVIII), found to be non-significant by the enalysis of variance

were significant when the enalysis of covariance was conducted, The

professionals had smaller fat ratings than the amateurs (p < 0,051,
while the malss had significantly emaller ratings than the females at

the one percent level when mass and stature were held constant.

1

* Variables shown in parentheses refer to the coveriatels) used
in the coveriance enalysis.




4.6.2 Physiological variables

Differences in the adjusted means of the phyelological variables
among the four groups are presented in Table XXIX (p.208). The varieblas or
covariates are given in the centre column and the adjusted means

found ta differ significantly are connected by arrows.

Comparisons of tha vesulis of the analyses of covarience and variance

indicated the following:

A. Differsnces and signifloance levels among the groups deter-—
mines by means of the analysis of covariance (Table XXIX) and varisnce
(Tables XXIII, XXIV and XXV], were foutd to correspond for the follow-

*, sueat-

ing veriables: V0, max expressed in ml/kg LEM/min (stature)
rate (age), FEV,I (mass, ststure and ags), hip flsxion-extension (age),
shoulder flexion-extension end rotation (upper limb lean volume), and

mechanical efficiency (mass, staturs and FEVIJ.

B, Differences batwsen the professionals and amateurs which were
found to be statistically significant in favour of the professionals by
the analysis of variance (Tables XXIII and XXIV), but non-signiricent by
the analysis of covariance (Table XXIX}, included \'/Dz max expressed
in &/min {BSA), vital cspacity (BSA), and FEV1 (mass, stature and VG ).

C. From Table XXIX it can be seen that for \'/cu2 max exprasser
in &/min (BSA}, sweat-rate (% fet and BSA) and FEV1 (mass, staturs and

VE ) the diffarences betwsen the males and femeles wera small and non-
significent. Anslysis of variance, however, indicated that differ-
ences in these variables between the sexes were statistically signifi-

cant  in favour of the males (Tables XXIII and AXIV).

D. For elbow flexion-extension (U.L. lean vol) and trunk lateral
flexion (age), the differences betwsen the professionals and amateurs,
in favour of the professionals, were found to be significant {p < 0,05)
by the covarianoe analysis (Table XxIX), but non-significant by the
variance apalysis (Table XXV).

* yariables shawn in parentheses refer to the covariste(s) used
in the analysis of covariance.
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4.7 CORRELATIONS

4.7.1 Professicnal players

Fre- mt-moment correlations found te be significent at the one
and five pu- ant levels in the professional players, are presented in
Table XXX. Those correlations considired to be of relevance to

this sbudy are singlad out.

A. St rel variables

From Table XXX (p.213) it can be seen that stature and mass, stature and
interpupillary distance, and mass and endrogyry were significantly cor-

related in both the males and females.

" A high correlation of 0,88 {p < 0,01} wae found between the supra-

iliac skinfold and percentage bedy fat in the males.

Upper limb tissue indices, expressed as percentages of body mass and
tody surface arsa, were correlated significantly (p < 0,01) in the mele

and female groups.

8. Physinlogical and biochemical variables
From Teble XXX {p.213) it cen be seer that the following variables wers
correlated significantsy (p < 0,05) in the male professionsls: VO,

max and mechanicel efficiency, sweat-rate and post-match lactrte, sweat-

rate and FEV,, and t and post-match (negative

correlationl.

Shoulder flexion-extension and shoulder rotaidon were correlated at

the one percent level of sdgnificanca in chis group.

C. Combined verisbiss

In the males, V0, max (#/min) was correlated with forearm and chest
girth (p < 0,010, 1 the females, V0, max (ml/min) was corralsted with
upper limb muscle dindsx (negatively with p < 0,01), with androgyny

(p < 0,08) and with age (negatively with p < 0,01) as can be seen in
Table XXX (p.213).

Peroentage body fai and FEV, I, and endrogyny and post-metch lactate in

the males Indicated significant negative ouirrslatinns at the five and




one percent levels respectively. FEV, was significently correlated
(p < 0,01) with both forearm girth and LBM in the males.

In the femals professionals, trochanterion height, bi-iliac diameter
and relative lower limb length were negatively correlated with hip
Flexian-extension (p < 0,01). Biacromial dismetsr, androgyny and upper

limb lean volume were negatively correlated with shoulder rotation.

In the male professionals, relative upner limb length and upper limb
Iear. valume ware negtively corralated with elbow flexion-extansion
(p < 0,05} wrile shculder rotation, elbow flexion-extenslon, supination-

pronation anc jrunk lateral fiexdon indicated significant negative cor-

ralations with age (Table XXX, p.213).

The femeles' V0, max,axpressed both absolutely and relatively,was tega-
tively correlated with age {p < 0,01).

In the males,the nurorr of years played w.as correlated with IRV

(p < 0,05) while in the femalss, VC, FEv1 and elbow flexion-extension
were corrslated significantly with the number of years plaved

{p < 0,05),

4.7.2 Amateur players

Product-moment corrslations found to be significant in the
amateur players are shown in Table XXXI. Correlations of impertance

are singled aut.

A.  Structural variables

Ttatute was correlatad significantly with both mass and androgyny in
the males, and with mess in the females.

Forsarm glrth indicated significant correlstions (p < 0,01) with bi-
acromisl, bi-ilisc and AP chest diameters in the male amateur players.

Androgyny was correlsted significantly with percentage bady fat
{p < 0,01) and BSA fnegatively with p < 0,01} in the males,

Upper 1imb tissue indices,expressed as percentages of body mass and
body surface area,wsre correlated significantly st the one percent
lsvel in both the msle and female amateurs (Table X¥<J. p.214).
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B. Physiological and biochemical variables
002 max was found to be correlated significantly with post-match glucose
(p < 0,01) and sodium (negative with p < 0,01} concentrations, as well
as with ngl (negatively with p < 0,01) in the male amsteurs. In the
females, V0, mex (£ and w1} wes alsa highly negatively correlated with
FEV) at the 5 prroent lsvel (Table XXXI, p.214).

The males' sweat-rate wes correlsted significantly with their FEV, and
VC/BSA 1 < 0,85}, while ensrgy sost indicated significant correlatians
with pos -match glucose anu sodium concentrations at the 1 and 5 percent
levels ressectively.

Both elbow flexion-extension and Suplnation-pronation as well as

trunk lateral flexion and hip sbduction were correlated at the five

percent level of significance in the male amateurs.

C. Combined variablss

Farearm girth in the male amateurs was found to be correlated signifi-
cantlywith V0, mex (£) and VC, while VO, max (2) in the females was

correlated with lower limb lean volume {p < 0,05},

Percentsge body fet in the males wes correlated significantly with
sweat-rate, post-match lactate and F-‘EV1 at the five percent level of
confidenca.

In the females, shoulder rotation indicated o significant negative
correlation (p < 0,05) with biacromial diemeter and androgyny, whiie
mechanical efficiency and bi-iliac diameter we.e slso negatively corr
related (p < 0,05).

Elbaw flexion-extension and relative forearm lsngth, age and 002 max
(ml}, and years played and hip flexion-extension in the males were
negatively correlated.

In the female amsteurs, androgyny and nip abduction, age end supanstion-
pronation, and age and stature were negetively correlated at the five
percent level of significance (Table XXXI, p.214).

4.7.3 Foregarm girth

Significant product-moment correlations between forearm girth
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and various morphological and physiological variables in the male and
famale groups are shown in Table XXXIT (p.245). It is clear from
Tables XXX, XXXI and XXXII thet forearm girth was correlated highly
and sugnificantly with the majority of the basic and aerived anthropo-
metric variables, as well as with a number of the physiclagical
variables.
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Stature - fasa w1 Stoture - Mass oes 1

Staturo - Androgyny 0w s UL, Joan vol » LgY o 1

atecron - 1 fot os 1 s e UL - Hus dndox (BSA) wer 1

Btacron - Foreern girn ose Scnn tndex UL, - Bone tndue (B5AY o8 1

a1-L1z00-Foraarn gisth o 1

46 chest » Forastm gixth s Phystalogtoal snd bischentca)

Androgyny = % Tot v 3 o, ne (23 - PV, o s

Androgyny - 855 s 1 Vo ma (o) - PE am s

VL. loan vet - LiL, taan vl P Swest-cats - Trunk L.F. 0w s

Hus Lndex UL - Mg dncex (BSA) e 1 Swuet-rats - UL, loan vol 0. i

Bore fndex UsL. - Sonw dndox (BSA) a1 Shoulder F.E. » Trunk L.F. om s

Fob taox ok - Fot dndex (56} X I Machan af¢ ~ 1 o805

Phystologieal e biochumizal conbtnng

0, nex () - Giucone post om 2 @ - ntgn gtrtn s
- ey, w1 vesesa - Lon s
- Sodim post w1 Shoulder F.E. - Hos ndux U.L. 5
Fev, os s Shoulder rotatton - Blecran 5
VE/BSA 4,55 s Shoulder rotation ~ Androgyny 5
Siucess post W g Hachon ue - Bi-tliec s

Enorgy - Glucoss post se 2 fas - ve/msA s

Enargy - Sodlun post om s Statura - Hip FE. s

Elbou F.6. - Sup-pronation oy s Blacron - eV, s

Eltow £.6, + Trook LE. on s Androgyny - Hip abd s

Trunk LF. - Mg A o 2 Androgyny = FEV, B

L6« Trunk L, B

Contnen Lok Laen vl - {0, max (6 5

Vi, mex (8)-Forser girth s s Vo, e (2] - 1

Semet rate - 1 ot o s L, Tomn vol - FEY,

Swact-rats - Susre-il skinfold om 1 Ao - v

Energy  LiL. ¥ THL on 5 489 - Sup-pronstion

VC - Farsame ghrth 0@ Age =« Stature

¥ - 0, max (o) wsm #g0 - Ratale Langth

vev, - % foc vas s

Lectata post - 3 fat o8 s

Giocons poat - % Fat on s

Elbou FLE. - Fordarn langth 3 TOL -4 s

280 - uy mex (o] o s

g - v 0% s

Viara - Wip F.E. aws

Vears - L. Jaan va PR




Table XXXIT: Significant product - moment corrslations betwsen forearm
girth and variocus morphological and physiological variables
in tenni: players
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Cowpined males T Combinad females

Varisble n of | verianls n
sigf3)

Age 61 0,38 1 | mess 0 0,85
Mass 6 0,87 1| Androgyny 30 0,45
Interpup dist 57 0,28 5 |[BSA 30 0.76
Andirogyny 61 0,36 1 Lengths™ o -
Lengths™ 81 - 1 Oameters” s -
Diameterd 61 - 1 Girths* 30 -
eirths* 61 - 1| Lean vo1 u.L. 30 0,89
Lean vol U.L. 61 0,89 1 | Lean vol A 3 0,76
Lean val A 61 0,85 1| Lean vor F 30 0,35
Lean voi F 61 0,51 1| Lean vol L.L, a0 0,36
l.ean vol L.L. 81 0,71 1 | % body fat 30 0,58
% body fat 81 0,38 1 {uen 30 0,78
Len 51 0,76 1 |1an 30 0,78
Tan 81 0,80 1 Vo, max (1) 26 0,63
Yo, ma (23 55 0,49 1| o, mex tm) 26 0,48
IRV 500,57 1| Vo, max wem 26 0,58
Ic 54 0,87 1| Lact post 5 -0,36
ve 54 0,58 1 ’
FEV, 54 0,80 1
Hip F E 57 0,46 1
Lact post 14 0,47 5

Level

af
sig(%)

B R R R S R

& = stat, scrom, troch, dact, rad, styl, tib ht.

% = biacrom, bitroch, hiil, AP chest, biep (hum), bicsn (fem), wrist, ankle.
* z arm (uncen), arm (con), chest, thigh and calf,
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4.0 SIMPLE LINEAR REGRESSION FUNCTIONS

Simple linear regression functions or equations of morphological
and physiological variables with standard ervors (S.), correlation

coefficients (r) and significance levels are presented in Table XXXIIT
(p.218). Some linear regressions wiih regrassion iines and 95 parcent

confidenss bands are stown in Figures 19 to 35.

4-8.1 PMale professignals

Although a number of the correlation coefficients shown in Table
XXXIII wers sigri~*-~-nt at the one parcent level, it is'evident that

the correlol’ verally guite low., Pegressions of mess on age
and of vital 1 mass, indicated the highest correlstions.
-Regressions of si.  , uppar limb lean volume, lower limb lean volume

V0, max, LBM and I8M on mess sre presented in Figures 19 (p.219), 20 (p.220),
21 (p.221, 22 (p.222), 27 (p.227) and 28 (p.228) respactively.

Mass sccounted for 84,5 percent of the varietion in LBM (Figure 27} snd
86,5 percent of the variation in IBM (Figure 28). These high co-
efficiants of determinstion (RZ1¥ and the aarrow confidence bands

confirm the sccuracy of these two prediction fornulse,

4.8.2 Female pro’essionals

From Table XXKIIL it is clear thet regressions of VO, max (ml)
on age (50,4 percent variancel and of arm muscle index on years (43,8

percent variance) were the most promising linear prediction formulae.

Regressions of steturs, androgyny, fat rating, LBM and IBM on mess are
depicted in Figures 23, 24, 25, 27 anc 28 respectively.

The regression of swest-rate on steture is shown in Figure 28 without
confidence bands. The latter could not be calculated owing to the smell
number of cases [n = 4].

Mese accounted for 53,3 percent of the variation in fat rating (Figure
25), 84,0 percent of the variation in LBM (Figure 27) and 77,4 percent
of the variation in IBN [Figurs 28). The latter farmula could be used
with = high degres of accuracy.

* Coetricient of determination RZ = (r)2 x 100
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4.8.3 Male amateurs
Correlation coefficients were found to be significant at the one

percent level for all the regressions shown in Table XXXIII (p.218).

Lower 1imb lean volume on mass (88,5 percent veriance) and FEY, on
stature (B5,6 percent variance) proved to be the most promising regres-
sion formilae.

Regrassions of staturs, LBM and IBM on mass are shown in Tigures 28

34 and 35 respectively. The close proximity of the IBM regression
lines resulted in untidy overlapping of the confidence bands which

were consequently omitted from Figure 35. The regression of vital

capacity on stature is presented in Figure 30. Mass explained 94,1

nercent of the verietion in LBM (Figure 34) and 85,0 percent of the
variation in IBM (Figure 35), while stature sccounted for 87,2 percent

of the variance in vitsl capacity (Figurs 30).

4.8.4 Femsle smoteurs

The most promising predictions are those of fat rating from
mass {B8,% percent variance) end upper limb lean volume from mass
(53,3 percert variance], as san be seen from Table XXXIII {p.2183.

Regressions of stature, percentege fat, sweat-rate, LBN and IBM on mass
are shown in Figures 31, 32, 33, 34 and 35 respectively. Confidence
bands are not shown in Figurs 33 because of the small number of cases
tn = 4],

Mass could be utilized to predict the following varisbles.with a high
degree of accuracy: LBM (84,6 percent veriance, Figure 34), IBM
(90,3 percent variance, Figura 35} and parcentaga fat (62,4 percent

variance, Figure 32).




Table XotIT

varissies 10 tennis pla

Stmpia Linear regression functions uf morohologios) end physiologieal

tore Favale

Dependent Tnempendont Copandent: Ingapanciont

variabla vertanie Equatian % roa varisie Vartable Equation & ¢ n

3] ) x1

nass (kg) Ao Yro.eax < 59,02 6,2 3 rat hass ¥ 0,498 - 5,38 w7 1

Arcirogyny hass Yo 0.3B1K s 6,8 48 W e ot (end”  sme ¥ o 36,700K ¢ 10833 290, el

t fat Mass Y # 0,4729K - 1,48 28 L a0 vl (o tass ¥ = 317,21 » 54520 28,9 18

Fat rating s Y= 602K 4 1L,24 2,8 Trunk LF (%) g ¥ % -1,8982K « 262,58 15,4 1

ve (el Pess. Y - 0,0878X » 1,47 0,7 Moch eff {3} Age ¥ = -B,3659X + 36,26 3,5 15

rev, (2000 Stature ¥+ O,0810K - 435 0,6 0, max (a1 Mech 8f ¥ LAGEK + 15,63 15,8 1

owateR (1/hr) Staturs Y+ 0,088 - 3,93 0.4 Tecn ef? (%) (o, moxinl} ¥ % 0,0078K + 22,28 2.8 15

+fat Years Yo n2x e 8,35 8,0 FEV, (2/snc) Yeors Yook ae 0.3 14

Truak L7 (%) Age ¥+ -1,058)0X +138,48 12,6 -0,45 31 W dean vol (s ‘Yasra ¥ «58.721X » 2578.0 3113 Et]

Hach off 13) s 1ot Yo -n0800 0 43,27 2,1 o tndi & Yoors Y o,0280K ¢ 175 0.1 18

\‘IL\2 max (ml/min} Mach eff Y % 0,423% + 37,02 8,2 ve i} Years ¥ = 0,0478X » 3,57 0,3 D44 14
V0, nox a1} ™ Yo -2,4007% 116,80 10,2 071 18
Sveat-R (W1 Mech sf Y e -0,2268K 0 7,84 0.3 0,87 4
fach ate (3) SwestsR ¥ =30+ 282 12 087 8

Male ematours Fenao emsteurs
Depandant Tngependent Depandant Incapendent
varighia vartebls Equation P variable vertabl: Equatton % r o
(&3] [
Fat rating {xg) Mass. Y+ -0,1712X + 8,95 2,1 -0,65 28 Fet reting (kg) Masa Y -0,3406X 17,30 4,0 -0,83 11
Hase Y0200« 2,08 2.5 Woeen vol ton®F Hass Y+ 6a,ma%x - 970,01 23,6 0,77 1

T ¥ 207,00 - sa848 22,7 Androgyny Stetwre  Ya D@0 -387 48 0 1

0, mex (ml/nin) tioss. ¥ e -0,411K + 72,86 31 @, max (2} fass Yeoums-ure 0E o8 10

anirogyny Statura ¥+ G,350X 0 22,08 46 G52 feV, (2/0mc) Stoture Y% 0,000 - 3,36 0.2 0,58 7

U e ) (e’ Stature (om0 - w0 BLY 020 2 | Seasrre OF s Ym0 174 Ga8 10

fEv, thrsae) Stawr Y+ O005% - 2.3 04 0B 25 | Mus dad A voars YooK LB D2 . 1

rus nd o oo veo0800e 3,7 04 06s 26

w e vat (e vears Y2 152+ S0, 0,8 130 27

Coominart value thandednoua),  Uneerdinec ¢ < p 1e1,01)

8Lz
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4.9 MULTIPLE LINEAR REGRESSION FUNCTIONS

Multiple linesr regression functions or equations of morphola-—
gical and physinlogical variables with coefficients of variation (CV),
coefficients of determination (RZ), F-values and significance levals
for the professicnals and ameteurs are shown in Tables XXXIV and XXXV

respectively.

The independent variables were selected on the basis of theorstical

justification and included the following:
Morphological: BSA (size), stature, LBM {muscls mass) and hody mass:
Physiological: VC, FEV), FEV,T and mechanicel efficiencys

© Activity: Years played snd hours per week; and
Y play
Age.

The most promising pradiction formulae in terms of practicality and

acourscy ave singled out.

4.9.1 Male professicnals
From Table XXXIV (p.238) it can be seen that mass and age accounted

for 85,6 percent of the varistion in LBM and 86,4 percent of variation

in IBM. The very low coefficients of variatian for these two prediction

formulae were 3,3 and 2,9 percent respectively.

Prediction of LBM and I8 by means of the above-mentionsd fwo-term
equations, compared to the one-term equations shown in Figures 27

(R% = 84,6%) and 268 (R® = 86,5%), indlcate that the addition of sge
only marginally incressed the accuracy of tha LBM and I8M predir:tiona

4.9.2 Female professionals

From Table XXXIV(p.238) it is clear that uppsr limb muscle index
(8SA}, fat mass and IBM could be accurately predicted by the use of the two-
and three-term equetions presented.

BSA and yesrs played accounted for 87,2 percent of the variation in
IBM (CV = 2,9%). This equation, therefore, provides a far more
accurate prediction of IBM than thot afforded by the use of mass only.

where the variance was 77,4 percent (Figure 28).
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Age and hours per week could be utilized to provide a reesonably accurste
pradiction of U0, mex (ml/LBW/nin), the cosfficients of determination
and varistion being 56,7 and 17,0 percent respectively.

4.9,3 ‘lale amateurs

' From Table YXXV (p.238) it may be observed that androgyny, upper and
lower limb lesn volumes, fab mass, LBM, IBM, VO and wrist #lexion-
extension could be accurately predicted from the two- and three-tarm

equations presentad.

\ Eighty~four percent of the veriation in vital capacity was explained
by statire, age and years played. The cosfficient of variation for
this pradiction was 7,2 psrcent!

4.9.4 Female smateurs

Upper limb lean volums, 002 mex (&/min, . shoulder flexion-

extension could be y with the prediction formulas
presented in Tabls XXXV (p.239).

Mess and hours played per week explained 74,7 percent of upper limb lean
volume varisnce, while mess alone explained 59,3 percent of this

variation {Table XXXIII). Tha two-term equation, thersfors, offers far
greater predictive accuracy than tha one-term equation,
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1 tannin playars

rate
Sapendent Loval
vartsble Equation w o
™ «1g13)
Lt Y- 30,0 - 0,8 (YD) - 0,19 (EER) w58 1z
Fat mass Thg ¥ 4-30.4 + 0,20 (mase) + 0,14 (ago) wa 487 191 1=
Fat rating (g} ¥ 10,4 - 0,11 (ness) - 0,14 (aga) D oms 6 1w
Lan e ¥ % 10,4 + 0,80 {nasa) - 0,14 (aga) 3,3 858 w2 room
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Covat
Sauation w ¥ s
Steturs (em) Yo G440+ 138 WA ¢ 623 UEV) - 028 MLER 13 66,8 148 1 on
#adeogymy Y« 5,21 0,16 thradk] » 44,00 (858) i @21 1A 1
L Tean ol (w Y 1807+ 2251,15 (BA) + S279 (yew) 6 9 s 1
Lt toon vl (en®® ¥ = 58500 - £+ 13 Dhrowk) + 105,70 tmaas) e S 88 s
s o UL (B5A1 Yo LO6 ¢ 0,004 e} - 0,01 (otat + 0,40 (858 5,7 M2 168 PO
fun tna Yo 4,0 + 0,0 (atat) - 2,08 (55 W sa 2 1
s Y #7086+ 0,72 (sass) - 0,50 fatat) wo W3 23 P
Fot mass (ig) ¥ - 30,4 ¢ 070 tress) - 0,37 tatat) + 017 (sl 3,1 6T 8.7 P
Fat rating thg) Y1 28,5 - 0,50 (as) + 0,38 fotat) - 0,17 lyra) - 7A3 MG 1o
e thed ¥ S13,5 ¢ 43,50 (8SA) - 0,17 fyrad 28 W2 ma i
0, tmt Lann} ¥ %1325 - 3,08 fogs) + 0,70 Umowk} a7 s 1o
v Y 3.2+ 0,05 tyra) + 0,02 (heesk) 21 4R 2 s oom
stoutdar 8 (OF ¥ 78,7 4 2,01 tase - 2,50 rm) 74 A s P
[ ¥« 48,0+ 1,80 (yrs) - 1,15 totat) 23 w2 33 -
Sopepronatton Oy« 508,7 + 2,39 tnemen) - 163,3 (858) 55 me 82 L 1
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Table KOs fultiple linesr cugramsion functions of worphalogical end phystalogical

varisbles in smataur tennis pleysrs

Mala smstours

oependant
veriebla Eqation o - o
()
Stature (om) Vo127 008 (BN 0 .63 (01 e 42 PR 20 w4 26,3 1 =
Androgyny ¥ 77,8 - 5,00 ESA) ¢ 0,32 (woon) 52 7ea a7 1 »
Ui daon vl (% ¥ 1385,3 + 58,5(mess] - 26,10(stt) + 53,1400ge} 9,3 BLL 71,4 1 2
©leen vel fen® ¥ -2050.6 ¢ 35,40 Oheawk) ¢ 220, [nase) 75 sy a2 1 z
Tus tnd UL (BSW) ¥ .6« 0,00 (nose) - 0,008 (stet} « 0,002 yrs) 10,0 .2 15,7 : s
t et Y 20,5 ¢ 0,32 (mana) - 8,17 Gatet] wo w5 128 1 2
Fet mese (kg) Y1795 097 (BA) ¢ 0,42 (mase) - 0,21 (stat) 24 0,8 a1 1 P
Fst rattng (hg) ¥ = 18,8 - 0,90 weso} + 0,20 (stat) - ema ows 2
Lo kg ¥ 18,7 - 4,19 (B3 » 0,66 (mass) + D,25 (stat) 30 .4 2660 1 2
nes. ¥n o155 4 4.53E0) + 0.6e(mens) » 0,36(stet) 28 85 278 1 2
{0, nax (n1) ¥ 89,8 - 0,02 (masa) - 1,28 fegel ¢ 0,67 yra) 15,8 444 48 5 2
w Yo SIS0 0.09 (stat) + .03 (age) - 0,05 yre) 27 S ERE @A 1 =
shoutder roter (¥ = 150,6 0,41 (mevs) - 1,15 lyra} 61 e s 5 0n
st [ ¥ 50,5+ 16,80 (BSA) » 0,50 tyre] e o sz 1 »
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4.10 STEPWISE DISCRIMINANT ANALYSIS

A totel of twenty stspwise discriminent analyses (forward
stepping) were conducted. The basic anthropometric, derived morphological,
physiological and biochemical veriables were separately analysed to
determine those varieblas‘v‘ that meximised differences between the
profgssionals and amateurs, and betwoen the males and females. These
variables are oresented in order of importence, in Tables XXXVI to XXXVIZY
with their approximate F- statistics. Also included are classification
matrices or tabies which provide statistical classificatians of the

subjects.

Veriables fadnd to be lmportent by the initial separate stepuiss
discriminant analyses were then'used in a final stepwise discriminent
"analysis to determine, fram amongst the combined variables, the mast
significant varicbles that maximised differsnces amang the groups. The
results are prasented in Table XXXIX.

4.10.1 Morphological variables

These comprised & number of bagic and derived measurements,

Al Basic antbropometric measurements

Ankle and bicondylar diameter of the femur (males}, bitrochanteric
dismeter and the triceps skinfold (females), snkle dismeter and contractsd
arm girth (professionals), and biacromizl dismeter and the triceps skinfold
{amateurs) were the most significant distinguishing variables as can be
seen from Tabls XXXVT (p.242).

B. Dsrived morphological measurements
As can be seen from Table XXXVIL [p.243), LGN and bicondylar
dismetsr of the femur as a percentage of lower limb length (males),
forearm girth es a percedtage of upper limb lemgth and relative lower
limb length [femeles), lean body mass and percentags bady fat
(professionals), end percentage body fat and lowsr limb puscle index
{amateurs) were found to be the most significant distinguishing varieblas.

4.10.2 Physiulugical variables
The significent distinguishing physiological varisbles ere

# The two most significant distipguishing veriables and the
relevant groups (brackets) are cited in the taxt.
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presented in Table XKXVIII (p.244) and include the following: hip
flexion-sxtension and U0, max expressed in millilitres per kilogram
lean body mass (males), FEV, and trunk latersl flexion (females),
inspiratory capscity and hip flexion-extension (professionals) and

VC/BSA and hip flexion-extension (amateurs).

4.10.3 Biccnemical variables

Nona of the twalve bioshemicsl variables was found to ciscriminate
significantly betwsen the professionals and amatsurs, nor bestween the

males and females.

4.10.4 forphological and physiological variables

The veriables found to be significant in the initial analyses, were
‘used in & final stepwise discriminant analysis, the results of which ere
presented in Table XXXIX (p.245).

Ankle diameter and OUZ max, expressed in litres per min (males), lower
Zimh lean volume eid foresi~ girt'. 2s a percentage of upper limb lsngth
{females), lean body mass and the supre-iliac skinfold (professionals)
and dactylion height and percentasge body fat {emateurs} were the most
significant distinguishing variables.

Histograms of cancnical variables which graphically illustrate the
differentiztion between the male, female, professional and amateur groups,

are presanted in Figure 36 (p.246).

From the classificstion matrices shown in Table XXXIX, it is evident

that subject classification by means of representation (professional or
ameteur) and sex (male or femsle) curresponded well with the statistfcal
classification. According to the statistical classification ar grouplog
by representation; 88,9 percent of the male professionals, 95,0 percent
of the male amateurs and all the female professionals and amateurs were
‘correctly' classified. With regard to sex classification all the

subjects wera 'sorrectly’ cetegerised.

= Made with the aid of discriminant functions,utilizing information

on the selscted variables.
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Table XXXVI; Stspwis. Mfscriminent enalysis: basic anthropometric
weasurements * of tennis players .

MALE

FEMALE

Professional - Amateur

Approximate

Varisble entered P otiatie

Professional - Amatsur

Approximate

Variable enterad ki

Ankle dismeter 18,1
Bloondylar diameter (fem) 10,2
Interpupiliary distance 8,1

Bitrochanteric diemeter 24,8
Triceps skinfold 22.8
Thigh girth 22,3
Biepicondylar diam (hum) 21,8
Biceps skinfold 21,3
Bi-iliac skinfald 20,7

Classification matrix
[ MA Correct %

Classification matrix
FP FA Corrsct %

MP 24 7 77,4 FP 18 0 100
MA 5 21 BG,8 FA 0 11 100
Total 29 28 78,8 Total 11 100
PROFESSIONAL AMATELR
fale - Femals Wale - Female
Varisble entered Approximate  Veriable enterad Approximate
F-statistic Fratatistic
Arkie diameter 104,3 Biacromial diameter 34,1
Contractsd arm girth 75,0 Triceps skinfold 33,8
Triceps skinfold 73,6 Wrist dismeter 31,5
Body mess 70,1 Biepicondylar diam (hum) 27,6
Supra~iliac skinfold 58,8 Bi-iliac dianeter 27,2
Radiale height 54,8 Trochanterion height 24,8

Classification matrix

Clessification matrix

MP. FF Correct %

MA FA Correct %

P 31 2} 100 1A 26 0 100
FP a 18 100 Fa 8 11 100
Jotal 31 18 100 Total 25 11 188

* A total of 26 hasic anthropometric measurements (Tablss XI to XV)
were utilized in the stepwise discriminant anelysis.
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Table XXXVII: Stepwise discriminant

analysis: derived morphological

measurements ¥ of tennis players.

MALE

FEMALE

Professional -~ Amsteur

Professional - Amateur

Approximate

Variable ertered F-statistic

Approximate

Veriable sntered o ottetin

Lean body mass 11,4
Bicon dia (fem} %

L.L. length 7.2
Bone index L.b. 6,1
Relative forearm length 5.6

Forearm girth %

U.L. length 45,8
Relative L.L. length 38,5
Bone index U.L. (8SA) 35,8
Relative forearm length 34,7

Ciassificetion matrix

Classification matrix

MP MA Correct %

FP FA Corrsct %

M 25 8 75,8 P 18 bl 100

MA 8 20 71,4 FA o 11 100

Total 33 28 73,8 Total 19 11 100
PROFESSIONAL ANMATEUR

Male - Femsle

Male ~ Famale

Approximate

Variatle sntered Footoriotie

Approximate

Variable sntersd o tatistic

Lean body mass 183,5
Percentage hody fat 138,7
Forearm-srm length ratio 98,4

Porcentage body fat 87,8
Muscle index L.L. . 81,3
Bi-i1 diameter % biacrom
diameter 75,3
Fat index L.L. 73,0
Bone index Y.l. 72,7

Classification matrix

Classification matrix

MP FP Correct %

MA FA Correct %

NP 33 0 100 MA 28 a 100
FP g 18 100 FA 0 11 100
Total 33 18 1aa TJote ™ 28 11 108

* A total of 40 derived meesurements
were utilized in the stepwise disc

(Tables XI to XIV and XVI to XX)
riminant analysis.
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Jable XXXVIII: Stepwise discriminant snelysis: physiological

measurements ¥

MALE

of fennis playsrs

FEMALE

Professional ~ Amatsur

Professional - Amateur

Approximate

Varishle entersd o eatintis

Appraximate

Variable entered o tatiotin

Hip flexion-extension 14,4
Vuz max (ml/kglLBM/min} 12,3
Trunk flexinn-axtension 11,7
Tidal volums 10,7
V0, mex (%/min) 9,8

Forced expiratory vol

(FEVI) 17,4
Trunk lateral flexion 14,7
Hip abduction 13,2
Inspiratory capacity 13,0

Wrist flexion-extsnsion 12,8

Forced expiratory val
indax [FE\/lI] 12,5

Classification matrix

Classification matrix

e MA Correct %

FP FA Correct %

MF 25 2 92,6 FP 10 0 100
MA 4 17 81,0 FA 0 8 100
Jotal 29 19 87,5 Total 10 8 100
PROFESSIONAL AMATEUR
Male - Female Male - Female
Approximate o Approximate
Variable entered Fostatistic Variable entered Fostatistic
Inspiratory capacity 42,9 Vital capacity/BSA 20,8
Hip flexion-extension 25,1 Hip flexion-sxtension 13,0
Forced expiratory vol
[FE\/lJ 19,1
Shoulder rotation 18,6

Classification matrix

Classification matrix

Iy FP Correct %

MA FA Correct %

MP 25 2 92,6 MA 18 3 85,7
FP a 0 100 FA o & 00
Total 25 12 84,6 Total 18 g 28,9

* A total of 20 physiological measursments (Tablss XXIIT to XXV
were utilized in the stepwise discriminant analysis.
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Table YXXIX: Stepwise discriminant .nalysis: morphological and
physiological measurements® of tennis players

HALE FEMALE
Professional - Amatsur Professional - Amateur
Apnroximate Approximate
L Variable entersd F-gtatistic Variable entered F-statistic
Ankle diamster 18,1 tean volume L.L. 57,1
Yo, max (2/min) 16,3 Forearm girth % U.L. 56,8
Hip flexion-extension 19,0 Bitrochanteric diemeter 48,1
Trunk flexion-extension 12,7 Bone index bU.L. (8SA) 39,0
Bi-iliac diameter 30,3
! Classification matrix Clagsificatiaon matrix
. MP__MA  Correct % FP__FA  Corrsct %
. iR 24 3 88,8 FP 12 o 100
MA 1 18 85,0 FA il 8 100
Jotal 25 22 91,5 Total iz 6 100
PROFESSIONAL AMATEUR
fale - Female Male - Famale
iame Approximate Approximate
Variabie entered P tatietig Variable entered e tetietin
iLean body mass 122,3 Dactylion height 55,2
Supre-ilisc skinfold 88,4 Percentage body fat 54,3
Percentage body fat 81,7 Bone index U.L. 49,5
Forearm-arm ratio 76,3 Bi-il dis % Biacrom dia 48,5
Contracted arm girth 73,2 Muscle index L.lL. 41,4
Boay mass 84,7 Body surface area 40,5
~ Classitication matrix Classification matrix
MP__FP_ Corregt % MA_ FA__Correct %
P 27 o 100 A 24 0 100
P 0 12 100 FA i} B 100
Total 27 12 100 TJotal 24 ] 100

* Neasurensnts found to be important by snalysss condusted ssperately
on the besic anthropomstria, derived morphological and physiological
vardabler were ¢ .illzed in the stepwise discriminant analysis,
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4,11 FACTOR ANALYSIS

The maximum likelihoad factor analyses conducted sepsrately in
the male and femsle groups,did not pravide any additional useful
information. The sorted, rotated factor loadings of the males' basic
morphological and physiological variahlss are shown in Tahles XL
{p.248) and XLI (p.2489), In thess tehles the factor loading matrices
ars arranged sp that the columns appear in decreasing order of var-
iance explained by the factors. Loadings greater than 0,500 appear
first and loadings less than 0,250 are replaced by blanks.

High factor loadings were allocsted to variables measuring the same
component, such as length, girth and fatness (Table XL) and pulmenary,
sardio-respiratory and flexibility function (Table XLI). From these
tables it is evident that the factor analyses provided results that
had initially been expected.
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4,92 SUMMARY.

4.12.1 Questionnaire
Professional tennis cuaching wos more popular among the female
than the male professiobnal players,while in ths amateur group it was

wore popular smong the mele players.

The mals professionals preferred to be idle in their leisurs-time, while
the female professionals preferred social swimming. A numizer of the

professional players, particularly he famsles,wsre active squash players.

Long-distance Tunning was the favourite form of physical training for
bath the professional and smeteur players. A high percentage of the
professianals (27%) did not participate in any type of physical training

besides their tennis practice sessions.

The incidence of ‘tennis elbow' among the professionals was very low
6%). Ankle and shoulder joint sprains wera tha injuries most frequently
sustained during teanis playing.

The professional players did not commence tennis playing at a signif-
icantly younger age than the amateure. The average male player requires
about 10 000 hours or 5,3 full-time years of tennis playing in order to
become an expert temnis performer. The average female,on the other

hand, requires approximately @ 300 hours or § full-time years.

4.12.2 Basic anthropometric measurements and indices

The professionals were significantly hesvier (masel and larger (BSA)
than the amsteurs but stature, height and limb length differences {absolute
and relative) were small. Mean andragyny indices ard interpupillary
distances were similar in the four groups. Significently larger msan
biacromial, bitrochanteric and wrist diamaters and upper and lowsr limb
segment girths wera found in the professional players. Skinfold differ-
ences betwesn the professionsl and amatsur groups were smell. Subscapular
and supra-iliec skinfold differences betwsen the sexes wers not
statistically significant.

4.12.3 Derived enthropometric measurements

The professionals had larger mean lean volumes in the upper limb,
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arm and lower 1imb than the amateur players (p < §,01). Significantly
greater lsan volume RIA values were found in the professicnal groups.
The largest lean volume RIA values for all four groups were found &n the
forsarm. The mean bone, muscle and skin-fat indices of limb end limb-
segments of the professionals and ematsurs were fairly similar.

As in the case of lean volume, the largest bone and nuscle index RIA's in
all four groupe were found in the forsarm. The professional players had
significently greater forearm bone index and upper Limb muscle index
RIA's than the amateurs.

The positive uppsr limb, arm and forearm skin-fat RIA values indicated
that thers was more adiposs tissue in the dominant than in the non-deminant
1imb-segments. Mean absoluts and relative body fat values of the pro-
fessionals and emsteurs did not differ significantly. The professionals'
lean body mass and 'ideal’ body mass were significantly greater than those
of the amatsurs (p < 0,01},

Somatotype differsnces between the two male and two female groups wers
statistically significent at the 5 and 0,1 percant levels respactively.

Smoller SDI's were found in the emsteur than in the professional groups.

4.12.4 Physiological ohservations

Althaugh the professional players hed higher mean absolute VO,
max values than the ameteurs (p < 0,01), differences in relative \/U2 max
were not significant. The famales hed higher V0, max values (ml/kg LAM/min)
than the males (p < 0,01). The mean mechanical efficiency of cyoling
{netl, energy cost of ternis playing {absclute) and sweat-fate of the
profassional and amateur players did not differ significantly. The pra-
fessional pleyers had significantly larger mean static and dynamic
pulmenary volumes than the amateurs, with the sxception of tidal
volume and FEV,I.

Static flexibility differences betwsen the professionals snd smateurs
were nat significent,with the exception of trunk flexion-extension, which
favoursd the professionals. The negative RIA values in the majority of
the bilateral tests indicated greater flexibility in the non-dominant
than in the dominant joints.
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Ocular dominance (right-eyed] and eye-limb concordance/discordance
(unilaterality) were significantly related to tennds proficiency in the
females but not in the males.

4.12.5 Biochemical observations

Diffsrences in mean pre- end post-match glucose, lactste and
electrolyte consentrations among the $our groups were smell. Low post-
match lacteie concentrations were recorded in all the groups, Fost-
match values were grester than pre-match values for all the biochemical
variables with the exception of magnesium.

#nkle dismeter and UD, max (%/min) wers the two most important discrimi-
nants between the male professicnal and amatsur groups, while lowsr limb
lean volume and forearm girth wers the two most significant diseriminants
batwesn the femele groups.

Leen body mass and the supra-iliac skinfold ware the twn most important
distinguishing variables betwsen the male and female professionel groups,
while dactylion height and relative body fat ware the most imp ~tant

variables discriminating between the male and female amateur groups.
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CHAPTER 5

DISCUSSION

The most pertinent findings of the present investigation, as well as
those o other related studies, sre discussed and interpreted in this
chapter.

5.1 GQUESTIONNAIRE

In the study of sport champions and the subsecuent establish-
ment of ‘ideal’ norms,it is important that the samples be representative
of the population in qusstlon. The professional groups in this study
were representative since they comprised relatively large numbers of
registered professional tennis players who represented a total of §
nationalities.

The highly significant relstionship between the ievel of tennis profi-
clency (professional and amateur} and representation (international,
nationsl, provincial and club) was an expected finding. However, it was
interesting to discover that international or nationsl temnis
reprgsantation was not a prerequisite for success in the professional
ranks, In the professional groups, 11,8 percent of the males and 4,5
percent of the femalss had attained only provincial representation.

An investigation of the occupations of the players revealed that the
female prufessionals were more involved in professional tennis coaching
than the males,while the reverse was true of the ameteur players. This
state of affairs among the professionals may be due to the fact that
the availsble tournament prize money for femele professionals is
substantially less than that far mesles end that the femsles are more
inclined to supplement their incomes by coaching. With regard to the
amateurs, it would appear that the greater demand and higher payment
for male coaches make this oscupation more attractive to males.

The favourits leisure-time activity of the male professionals wes idle-
ness, followed by golf and soocer, The femals professionals® preferences,
in order of importance, were swimming, athletics and squash. Predictably,

. e L
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tennis was tne amateurs’ favourite leisure-time activity. Although
squash may result in hebit interference and reduced tennis performance
{Copley, 1975c), its popularity among professional players,particularly
the females,seems to indicate that little or no habit interference is
exparienced by proficient playars who have well established tennis

technigues.

Long~distance ar endurance Tumning was the favourite form of training

for all the groups. It was interesting to note a marked incresse in

the popularity of endurance running and circuit training, which was
avident from @ comparison of pest and prasent percentage frequencies. In
recant years distance running has received substantial publicity, both in
Souti Africa and abroad,and it is more than likely that this *jogging
trend is a general one rathér then a specific trend among tennis players.
The facts that 26,5 and 27,3 parcent of the male and female professionals,
respectively, did not participate in eny type of tralning programue other
than their tennis practice sessions and that progressive resistance

and flexibility training are low on the list of their prioritias
illustrate the ignorance prevslent amang sport participants today.
Progressive resistance training develaps both muscular power and
andurance, while flexibility treining promotes agility and is important

in the preventicn of muscle, tendon and ligament injuries (De Vries,

1975, Williams and Sperryn, 1978; Copley, 1978a).

Ankle and shouldsr sprains were the most common type of tennis injury
sustained by the profeesicnals end the male emateurs., The femals pro-
fessionals in particular, appear to be prone to this injury. The
incidence of 'tennis elbow’ occurred far less freguently in tha pro-
fessional players than in the ameteur players. This finding suggests
that ths correct technigue could play a role in the prevention of this
injury. According to Nirschl (1974), the incorrect execution of the

backhand drive and volley contributes significantly to the development
of 'tennis elbow'. In a study of 84 expert tennis players Priest et al
£1977) found that 45 percent of the players had expsrienced symptams of
‘tennis eltow' ot some time during their playing carserse. Nearly all
the 'tennis elbow' symptoms were experienced in one or more of the follow-
ing three sreas: lateral epicondyls, medial epicondyle and the groove

for the ulnar nerve (vubital tunnel). Thirteen percent of the players
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had experienced classical 'tennis slbow'. 1In the present study, 7.5

parcent of the professianal players had experienced *tennis elbow’.

The tennis serve, which nacessitates - Liceful extension, flexion and
rotation of the trunk, is probably a major contributing cause of the

chronic backache found to scour most frequently in the lumbar region

The age of expert performers is important to the sport scientist con-
cerned with humen excellence and diversity. In meny sports the age
range may be guite considerable. Far exsmple, Ue Garay gt al (1974)
found an age range of four decades in Dlympic weight lifters, In the

present s.udy the n sgas of the mals and female professionals wers

27 and 24 ysars respecti

y. These were also the msan ages of & group
of expert tsnnis players stwdied by Jones et al {1877). The chronological
ages at which 317 national amateur tennis championships (singles end
de._les) were either wan or retained in France, England and the U.S.A.,
ranged from 14 to 37 years (Lehman, 1938). Maximum proficiency was
sttained betwesn the ages of 25 and 27 years, while 27 was found io be
the optimum age. If we assume that the optimum age of 27 applied to
both male and female (no mention was made of the sexual make-up in the
317 championship matchas], then a camparisan with the ages of the medern
profassional player indicates thet, whereas the male player's aptimum
playing age has remained unchanged, the female player reaches her

optimum tennis playing age approximstely thrse years sooner than the

female tennis champion of year, Professional-amateur differ in
the age at which playing was £irst commenced were statistically non-
signifisant. This finding contradicts the general belief that a young
starting age is a prerequisite for top oless tennis performance. Although
the professional players spent significantly more time (hrs/wk) playing
tennis than did the amateur players, differences in tne total number of
years played were statistically non-significant.

In the process of becoming e professional tennis player the averege male
spende adaut 10 000 hours or 5,3 full-time yesrs on the court. This
constitutes a tatal el

gy cost (gross) of approximately 27,3 million
kilojoules. The average female spends approximately 8 300 hours or 5,0

full-time years on the court in arder to become an expert parformer.
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MORPHOLOGICAL OBSERVATIONS

5.2.1 Introduction

In the discussion of the morphological cbservations the following

spproach was utilized:

A

o

o

5.2

grams higher than that of the ma.e amatsur players, v ‘e the female

Discussion and interpretation of the statistical differsnces
(analysis of variance and tevariance) among the four groups
Relative and absolute diffarences in bone, muscle, and fat measure-
ments among the four groups are summarised in Table XLVI. In the
assessment of the morphologicsl effects of tennis playing the cross-
sectional methed of analysis was uved. As pointed out in Chapter 1,
it would be incorrect to assume that tennis playing and training
over a number of years were solely responsible for the observed
morphological differences botwsen the professional and amateur
players. Constitutional dissimilarities and pre-selection {prior

to training} mey alsa have been partly responsible for professicnal-

amateur differences in morphology.

Visual comparisons of the mean morphologicel characteristice of
professional tennis players and ather expert spart performers.
Anthropometric data, body composition varisbles and somatotype
ratings of sportsmen and spartswomen ars presented in Tables XLII,
XLIII, XLIV, XLv, XLVII and XLVIII.  Measurements of sedentery
males and femeles who were similar in ege to the professional tennis
players, are alsa included in these tables as contrals. The
‘Student’ t-test was utilized to compare the mean anthropometric
data of the professional players with the mean data of the sedentary

subjects.

Discussian and interpretation of important correlations (product-
moment) and linear regression equations (simple and multiple).

Disecussion and interpretation of the variables found to be important
{stepwise discriminant analysis) in discriminating betwsen the

professionals and amateurs and betweaen the mele and femzle groups.

+2 Body mass and body surfacs arsa

Tre average body mass of the male professional players was 7 kila-
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professionals’ mean was 6 kilograms higher than that of the amsteurs. When
stature was held constant (covariance analysis), the professionals were
still significantly heavier than ths amateurs (Teble XXVIII,p.207).

Body surface area (BSA) was also significantly grester in the pro-
fessionals. As expected, the msles wers heavier and larger than the
females (p < 0,01},

From Table ALII 1p.2B3) it can be seen that the male tennis profess?anals’

mean body mass was 7 kilagrams grester then that of sedsntary meles (p<0,01).

The professional tennis players, professional crickaters and physical
education students had similar body masses. It wes interesting to find
that orly the Olymplc rowers had a greater mean BSA than the male
professionsl tennis players. As can be seen from “abla XLIIT (p.266),

the female tennis professicnals had the second layyc. + mean body mass
(Olympic canosists were the heaviest} and the largest mean BSA. The
professional and naticnal tennir players had very similar mean body

masses.

Predictably, body mass wes correlated significantly with stature in all
four tennis-playing sroups. It was found that body mess could ba used
to predict eccurately a number of morphological and physiological
variables. The most promising regression formulae are pressnted end

discussed under the relevant sub-ssctions of this chapter.

Bedy mass, which wes considerably lerger in the male professionals
then in the female professionals, was an important discriminant between
these two groups, while BSA, which was larger in the male amateurs

than in the female amateurs lp < 0,01), was an important variable in
distinguishing betwesn these two groups. However, it should be noted
that when use is made of multiveriate statistics (stepwise discriminant
analysis), a variable may be found to be an important discriminant
betwesn two groups, without these groups necessarily differing
significantly in this particular variable.

5.2,3 Lengths

In contrast to body mess, the professionals’ mean stature was
similar to that of the amateur players, for both sexes. When bady mass
was held constant, stature differences remained statistically nom-
significent (Table XXVIIIL,p.207}. According to the height table of
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Martin and Saller (1957), the male professionals' mean stature of 182,8
centimstres falls in the category 'very tall’. The male amateurs’ mean
stature of 178,5 centimetres falls in the category 'tall’. Tallness
appears to be an advantage in tennis playing.

Absolute height, and sbsolute and relative upper end lower limb and seg-
went length differences between the professionals and amateurs wers also
small and statistically non-significant. The mean upper limb lengths
(absclute) were camperable for the male professional (81,8 cm) and

amateur (80,1 cm) players ana very similar for the female professionals
(74,2 om) and emateurs (74,0 cm). These findings indicate that the
greater racket-head speed and ball velocity generally attained

by the professionsl player, is not the result of a greater upper limb or
lever arm length. On the other hand, the greater racket-head speed and
ball velocity which generally characterises the male player's geme, is
probably due partly to the male's considerably greater upper limb or
lever erm length. Tangential velocity (V) or recket-head speed

(linsar) is the product of angular velocity (@) and lsver arm length (rl.

Predictably, the meles hed greater sbeclute lengtha then the females.
However, the mean relative upper and lower limb and segment lengths of
the males and females were very similar; in fact, the females had greater
mean relative lower limb and thigh lengths than the males (Tabls XII
£.188).

As can be seen from Tables XLII (p.265) and XLIII (p.288), the professional
tennis players were on the averags taller than most of the other groups
of sport representatives. The male profgssionals were on average 7
centimetres taller than the sedentary males (p<0,01). Only the rowers
were taller than the mele professionals. The mean statures of the

prafessional end national tennis players were practically identical

Forearm-arm ratic was en important discraminait between the male

end femsle professionzl groups (>FP), whils dactylion height was

a nighly significant discriminant between the male and femala amatsur
groups (> MA).




5.2.4 Diameters

The male professionals had significantly larger mean biacromial,
bitrochanteric, wrist, ankle and bicondyler (femur) diesmsters than the
smateurs, whils the female professionals hed significantly larger mean
biscromial, bitrochanteric and wrist diameters than the female amateurs.
The professionals’ significantly larger dominant wrist diameter may be
due partly to bone hypertrophy in response to habitual racket memipulation.

As expscted, the males had greater bone diametersthan the females.

Differences in mean interpupillary cistance betwsen the professionals
and amateurs and betwsen the male and female professionals we:s not

significant. However, the male amateurs had s signifivently larger

n
interpupillary distance than the female amateurs. Stature was the only
morphological characteristic that correlated significantly with imter-
pupillary distance in the professional players.

Comparisons with other sportsmen (Table XLIT,p.265) indicated that while
the msle professional tennis players’ mean hip width was similer to the
mean widths of most of the other sport representstives, their mesn
shoulder width was noticeably smaller, The professional female tennis
players, on tha other hand, had on the average,narrawsr hips but o
similar mean shoulder width compared with other sp man (Table XLIII
p.286).

Ankle dismeter was the most important discriminant between the mals
professional and smatsur groups {> MP), while bitrochsnteric (>FF)

and bi-iliac (>FA) dismeters were significant discriminants bstween

the ferale professional and amateur groups. Bi-iliac diemeter

as a percentage of blacromisl diameter was important in distinguishing
petween the male and female amsteur groups (> FA). The evidence suggests

that narrow hips may constitute s structural advantage in women's tennis.

$.2.5 Births

The professionsl players had larger mean upper ang lower limb seg-
ment girths than the amateurs (p < 0,81). Relative girth differences
between the profsssionals and amateurs were not significant. It was
interssting to find that the female professionals had the largest mean
relative thigh and calf girths of the four groups. The female pro- f
fassionals appear tn have a greater tissue mass in the lower than in




ST

i{

the upper limb compared with the males. A similar finding was reported
by Hebbelinck et al (1975) in male and femsle Dlympic swimmers and

divers.

From Table XLII (p.265) it is evident that the male professional tennis
players tended to have smaller mean girths than the aricketers, rowers
Nordic skiers and wrestlers. In contrast, the female professional
tennis players tended to have larger mean girths than most of the other
female sport representatives (Table XLIII,p.266), The professionsl
tennis players and sadentary subjects (male and female) had similar
means for arm (uncontracted) and calf girths. Hawever, mean foraarm
and thigh girths were far larger in the tennis playérs (p<0,01). The
evidence suggests that intensive tennis training end competitian in-

creases these girths

Unexpectedly, farearm girth was found to be correlated highly and signi-
ficantly with the majority of the basic and derived anthropometric
variables as well as with various physiological variables {Table XXXII,
p.215). Forearm girth wes corralated particularly highly with the
following varisbles: body mass, 8SA, upper limb lean volumes, lean body
mess and 'idesl’ body mass. In the males, forearm girth slso correlsted
significantly with V0, max (&/min), FEV,, VC and relative body fat

while in the fenales it corrslsted significantly with VO, max (absolute
and relative) and relstive body fat.

Forearm girth as a percentage of upper Limb langth was the second most
impoctant discriminant between the female professional and amateur groups
(> FA). Contracted arm girth wes a significant discriminant between the
male and female professional groups (> MP).

5.2.6 Skinfolds

The mean skinfolds of the professional and amateur players did not
differ greatly (Table XV,p.171). Predictably, the males had smaller
biceps, triceps and celf skinfolds vhan the Pemales {(p < D,01}. However,
subscapular and supra-ilisc skinfold differences betwsen the sexes were
not significant. The mean supra-iliac skinfold of the femals amateurs
(8,0 mm) was in fact, the lowest of ths four groups. Garn {1957) also
reported that, although males hed smailer amounts of subcutansous fat
than femsles, this was not applicsble to the iliac crest and deltoid
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sites. Soft tissue X-ray techniques were used to measure the suboutanecus
adipuse tissus. Ageing is generally associated with increased deposits
of subcutaneous adipose tissue. In males thsse deposits usually occur
in the trunk region (the sp-called 'tyrs' in meles), while in females

the depasite ocour generally in the arm, hip and thigh regions. The
findings of the present study may be the result of regional differ

in subcutaneous fat deposits betwesn the sexes., These sex differences
are probably genetically determined.

The meen triceps and supra-iliac skinfolds of the tennis professionals
were significantly smaller than those of sedentary males (p<0,05) and
sedentery females (p<0,01). The supra-iliac skinfold was an important
discriminant between the male and female professional groups (>FP),

5.2.7 Androgyny

The male professional and amateur groups had very similar androgyny
or masculinity indices (Figure 5,p.167). When mass and stature were held
conetent {coverience anelysis), andropyny differences were still found

to be statlstically non-significant (Table XXVIII,p.2071. As can be sesen
from Table XLII (p.285), thse male professional tennis players were
considerably less androgynous than the professional cricketers and the

Glympic boxers, rowers sand snow skiers. The androgyny indices of non~
athletic college males reported by Tanner (1991} and Milne (1472) were
very simllar to the mean values of the male tennis players in the present
study. The evidence suggests that sndrogyny in physigue is unrelated to
tennis proficiency in the male

In contrast to the malas, the femsle professional tennis players were
clearly more androgynous then the femele amateur players (Figure §,
p.187). Even with corrections for mass and stature (Table XXVIII

0.207), the professionals were still mare androgynous then the amateurs.
Studies by Hebbelinek 8t al (1875) ant Malina and Zavalets (1578) have
indicated that a ‘masculine physique’ is necessary for success in sports
such as hurdling, jevelin throwing, diving and swimming. As cen be seen
From Teble XLIII (p,266), the female professional tennis players were
less androgynous than the Olympic gymnasts, canneists and swimmers but
very similar to national sprinters. The androgyny index of 78,8 resorted
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by Tannsr (1851) for non-athletic females was considerably lower than
the index of 85,6 calculated for sedentary females from the mean data
reported by Fleming et al (1884), The latter androgyny index, which
was usually high, was due largely to the very narrow mean bi-iliac
diameter (22,7 cm) of the subjects who appeared to be guite young.

The fact that the femals professionals were clearly mbrs androgynous
than the amateurs and non-athletic femalss (Tanner 1951} suggests that
a 'masculine physique’ may be an advantage to the female tennis player,

Although androgyny end mass {also LBM), and androgyny end stature, were
significantly correlated in the professionals and amatsurs respectively,
the correlations and coefficients of determination (RZ) were too low

for the acourate prediction of androgyny. The addition of BSA and hours
played per week increased the sccuracy with which androgyny could be
predicted. However, since only two diamefers ere required for the cal-
culation of the andragyny index, these multiple linear regression equations
are of little practical valus.



285

"UIBP MBI BTGRTTEAR WO PEARINOTAD

*939p uBsk STRRTTENS WOI; PAYRIROTE] o

L0 251 PO s'g 8’0ol e's aetrr-eadng
b8 541 et £ '8 579 aeTndensans
Qﬁm LE g°g sdaotg
At a‘e £ a's 09 r'e sdsoay
tu} SPTESITNS
3 s L8 878 (312 £%E 53¢ 3120
#°LS LM a'ss 55 509 149 uSrug
2z 82z vog AL s'e7 wies0,
2’8z B'EE gt e Lo [ 62 fuoaun) uy
8'€B 556 1156 ] 38843
{wo) SIS
] ‘L . ‘ . . . N Rugopay
2! £ PO s AL RN 2 i . 2706
5722 v'ez 5% s‘ez v'8z pe0E €52 314 582 (w) aeTri-Ta
§8E B'6E 8"op Yol ey Lzy [ /'8€ {us) wooerg
M £8°L 5L 58y 05° ‘z 5L L 00z i8°z W yse
» # & P ) o o8 Wt 8 (&0}
8521 8'vi1 L1738 vzl 0°sLL 2681 S°6¢1 yss 078l 8°z8L () aaniess
z'0s 598 €8s a'ze N3 298 0708 oLt o sar (84) ssew
(961) (be8r) (ees61) (vo81) [97413) (9461 {vZBL} 15961} {2215} Apnas
e 38 e 38 T a8 et e a2 e 30 S e 38 e 38 wasasy
Bupustd  Aeieg eq  sgadisag Bupuuts AenoN  Aeazg s ssuer LT sJakert
o
sproseone;  S3STIOAY s3uspns BIBTISEM SISTHS OTDION  SIMOY s1axog 61238%0TI M.ﬁﬁﬂﬂm sTuUaY
Azejuspes  ITOWATD onpy teopsAyg  OTOWATD a7dwito QTMWATG  OTAWATQ  TPUOTSSEI0Id  [RUNTIBN  [RUDYSSAIOIg

ususjacds 4o eiep SEIjswOdoIyiLR wesy




*BIEP URBW STGRTTRAG WOT} FEASTNOTE] 4y

e'st a‘sL 8¢ 8‘e €'8 oeiTT-exdng
s bl Y s‘g 5'8 Vo Jerndeosgng
6's Ly [} sdaoTg
sal [T vy oEl z'zy sdeataL
[u) SPYSHTIS
SbE 0'se €79 9°se 0°sg 4180
. b6y (31 L1795 - uBruL
80z 8'zz zvz 1'sg 152 wiesioy
552 0'52 vz 0'gz p'82 (uoaun) way
(wo) SUIITY
. . . ‘qn . . . AukSoapt
: 9758 e Mac e At gz €zg ukgoapuy
© t'zz L2z 572 ez 675z 97z 5*92 {uo) 2eTTI-TE
a
&
-] LiE 5708 0ge 29 0'se z'9e (wo) woraeTg
25871 259°L - e} P P ﬁmm T 0z . W vsa
9°v8L vrbalL 058l L ESL 5'€81 5791 a°galL 5D (U} same3s
9'8s 6765 4] 0ig 525 6795 £°65 £°08 (%) ssey
€51:18] (5£81) £1461) (0261) (£64) (£481) (246L) fpnag
e 38 Te 38 & 18 % 18 s 38 e 38 e 18 Juasald
Furwotd NIUTTEGqEH BUTTEY feey sg SeAoN ButuuTS uutyg < sakery
sproseones SIBUITMS s3s3uTady s3s7a0ue] s18eWifg  s3atys OTpaoN saeAelg stuusl sTuUBL
Kaejuapss oydwhin Teustien OTMATG oTdUATE oTduAtn Teuntien TRUOTSS8J0Td

uBUWDMS1I008 30 e3ep OTITAWOUDIYIUR UBSH

IIIX ®TGeL



5.2.8 Body composition
A. ’Idesl’ body mass

As 4in the case of body mass, both the professionals and the
males had significantly larger mean 'ideal’ bady masses than the amateurs
and the femaies respectively (Table XX p.185), The 'ideal’ body mass was
lawsr than the measured body mess in all four groups. The femele
profossionals had thes largest difference end their 'ideal’ mass was 3
kilograms [fat rating) lower then thair measured mass. Professional and
amateur tenais players had,on the average, e body mase which was between

2 and 3 kilograms heavier than the 'ideal' tennis-playing body mass,

In tha assessment of the 'ideal' body mass for tennis playing, relative
body fat values of 8,5 peroent in the male and 17,5 percent in the female
were used. Thess values were selected on the basis of data obtained
fram some of the world's leading mals and femsle tennis players (Copley,
1976a). Compatitive tennis playing necessitates rapid movemsnt sbout

the court and there is littls doubt that the player with the least amount
of fat has an advantage. Tha 'ideal’ ralstive body fat values used in
this study were not particulsrly low, in fact, values of about 7,5 per-
esnt in the male and 14,5 percent in the femaie, would probably be more
‘desirable’. The use of these lowsr values ipstesad of those utilized

in the present study, would constitute & reduction of approximately 2
Kilograms in the total adipose tissue mess of the professional players

Body mass was very highly and significantly correlated with ‘'ideal’ body

mass in all four groups and the following simple linsar regression equations

were obtained: 5
R (%)
Male professiocnals IBM = 10,8291 (mass) + 11,28 a7
Female profsssionals IBM = 0,6367 (mass) + 19,24 77
Male amateurs IBM = 0,8305 (masa) + 9,82 86
Female amateurs IBM = 0,6613 (masg) + 17,20 20

The *ideal’ body mass for tennis in professional and amsteur players can
be accurately predicted fram these regression formulse or, otherwise,
directly from the respective regression graphs (Figure 28, p.228, an!
Figure 35, p.235). BSA end ‘years playsd' eccounted for 87 percent of

the veriation in the I8M of the femole professionals, which wes 10 percent
higher than thet ascucinted for by mase alone. However, it is uniikely
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5.2.8 Body composition
A. ‘'Ideal’ bo., “ass

As in the case of body mass, both the prufessionals and the
males had significantly iarger mean 'ideal’ body masses than the amateurs
and the females respsctiv @, (Table XX p.185). The ‘ideal’ body mass was
lower than the measured vL. mass in all four groups. Tie famale
protessionals had the largest difference and their 'ideal’ mass was 3
kilograms [¥at reting) lower than their measured mess. Professiopal and
amatedr tennis players had,on the averags, a body mass which was between
2 and 3 kilograme heavier than the ’'ideal’ tennis-playing body mass.

In the assessment of the 'idesl' body mass for tennis playing, relative
body fat values of 89,5 percent in the male and 17,5 percent .n the female
were used. These values were asslected on the basis of data obtained

from some of the world's leading iile snd female tennis players (Capley,
1876a}. Competitive tennis playing necessifates rapid movement about

the court and there is little doubt that the player with the least amount
of fat has an advaptage. The 'idea.  rslative bady fat valuss used in
this study were not particularly low, in fact, values of about 7.5 per-
cent in the male and 14,5 percent in the female, would probably be more
'dasirable’. The use of these lowrr values ilnstead of tlose utilized

in the present study, would constitute e redustion of appraximately 2
kilograms in the total adipose tissue mass of the professional plsyers,

Body mess wet very highly and significantly correlatzd with 'ideal' body
mass in all four groupe and the following simple linear regression equations

ware obtainad: 2
BT (%)
Male professionals IBM = 0,5291 (mess) + 11,28 87
female professionals IBM = D,86367 (mass) + 19,24 7
Male emateurs I\ = 0,8305 (mass} + 9,82 98
Female amatsaurs IBM = 00,6813 (mass) + 17,20 |0

The *ideal’ hody masa for tennis in professional and ameteur players can
be accurately predicted from these regression formulse or, atherwise,
directly from the respective regression graphe (Figurs 28, p.228, and
Figurs 35, p.235), BSA and 'years played' accounted for 87 percent of

the vardstion in the 184 of the famale professionals, which was 10 percent
higher than that accounted for by mase alone. However, it is unlikely
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that the derived multipls regression equation, which contained a predicted
independent varisble (BSA), would actuelly have provided a more accurste
pradiction of IBY than the use of body mass alana.

H. Lean body mass (18M)

The mean LBM o¢f the professionals was greater than thet of
the amateurs {p < 0,01}, Differences were not significant when stature
and mass were held constant., The LBM of the meles was significantly
grester than the females sven when stature and mass were standardised
(Table XXVIII p.207).

The male professional temnis players' mesn LBM was similar to that of the
Olympic soccer players, sligitly higher than that of the Olympic sprinters
and wrestlers but - § kijograms greeter (p<0,01) than that of sedentary
males (Tsble XLIV, p.279). The female tennis professionals’ mean LB

wes fairly similar to “hoss of Olympic swimmors and Nordic skiers, and

5 kilog:ams greater (p<0,01) than that of sedantary females {Tabls

XLV, p.280). The cviden-? suggests that iniensive tennis training and
competition over a period of years results in an incresse in mean LEM.

As in the case of 'ideal! body mass, LBM was highly ard significantly
correlated with body mess in all four groups. The following one-teim
ragrassion equations can b8 Used to predict the LBM of professional and

amateur tennis players:

[acol
Mals professionals LBM = 0,7347 (massi + 11,24 85
Femals professionals LBM = 0,4629 (mass) + 19,18 64
Male amateurs LBM = 0,7351 {mass) + 4,87 8a
Fomale amatsurs LBM « 0,5086 (mass) + 15,87 85

It is evident from the high coefficients of determination and narrow
confidence bands that either these regression sguations or the regression
graphe (Figure 27, p.227 and Figurse 34, p.234) can be utilized to predict
accurately LBM in tennis players, Since LBM prediction equations have
heen found to be highly population-specific (Jackson and Pollock, 1877},
1t is important that the appropriate farmulas be used.

A stepwise discriminant snalysis conducted an the derived morphalogical

variables revesled that LBM was the most importent discriminant
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between the mals professianal and amateur groups (> MP}, However, when

the analysis was on all the 1ts, LBM was not

found to be an important discriminant betwsen. the two mals groups

LBM was the most importunt variable in distinguishing between the

male and female professional groups (> MP), The male professionals
abilitiss to hit tha ball harder end to move sbout the court more repldly
than the female are probahly due in part to his greater LBM

C. dons messuremants™
1. Bons index

“he mean limb and segment bone indices (relative bone
masses) of tha professional and amateur players were fairly similar.
Predictably, bone indices were significantly higher in the malss.

As may be ssen from Table XLIV (p.278), the male professional tennis
players had the same mean uppst limb bone index as the Dlympic wrestlers
but a higher index than the Olympic sprinters and javelin throwers. The
upper 1imb bone indices of sedentary males and femalss (Table XLV p.230}
were considersbly lower than those of the tennis professionals (p< 0,01).

The rmale professivnais tended to have higher mean bone index RIA values
then the male amateurs, while the fesale professionsls tended to have
Zower mean RIA valuss than the female amateurs. However, RIA differences
among the groups were not significant with the exception of the forearm
and iower limb (females). The professionals had significantly higher
mesn faorearm bone index RIA values than the amateurs. The female
professionals' mesn RIA value {18,0) was particularly high. It shoulu
be pointed out that identigal upper limb and srm RIA values (bone,
muscle and skin-fat) were obtained within esch of the four groups. The
reasons for this were: bi-epicondylar (humerus) diameter was utilized
to saloulate cross-sectional bona area of both the upper limb and the
arm; right and left limb and segment lengths were «asumed to be equal
and, tissue density constents were used. As a result, right end left
side ratios remained the same.

o
For a discussion of lean volume see p,272.
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Bone index {uppsr limb), detsrmined by expressing bone mass as a per-
centage of body mess (formulee of Warterweiler et al., 1974), was highly
and significantly correlated in all four groups with bone index (upper
iimb}, determined by expressing bone cross-sectional ares as e persentsge
of body surface area (method proposed by ths author}. The latter method
invalves fewer calculations than tha method of Wartenweiler et al {1874)
and the evicsnoce suggests that it may be used as an alternative method.
Bone index could not be asccurately pradicted from eny of the derived

simple or multiple linear regression equations.

Uppsr 1imb bone index (BSA)} was an importsnt disoriminant betwesn

the femals professional and amateur groups (> FP J, while the upper limb
bone index was a sighificant discriminani betwesn the male and fenals
amateur groups {» MA).

11, Relative and ebsolute bone differences

The relative and sbsolute differences in bone m e’
are summarised in Table XLVI i{3.281), It is svident from this table
that while the professionals, particularly the males, tended to have
significantly larger absolute bone measurements (diamsters) than the

» differemn in relative (bone index) were generally
small. Ths facte that the highest bape RIA vslues in all four groups
were found in the fore.. and that wrist diameters and forearm bone RIA
values wers considersbly larger in the orofessional plsyers, indicate
that habitual racket menipulation results in marked bone hypertrophy in
the dominant forsarm. Other studies on cagert tennis glayers have
revealed similar findings. Lewis {1871) found lerger bone dismsters and
cortical thicknesses in the dominant upper limb comparcd with the non-
dominant iimp, while Priest st 8l {1977} reported significant hypertrophy
in the radius and ulna of the playing foresrm compered with the non-
playing forearm. Roesntgenographic techniques were used in both studies.

Owhen expressad to two decimel places (Table XVII, p.179) no difference

betwsen the two female groups was observed. However, when expressed
to four uscimal places the bone index was larger in the female pro-
fessionals.




B. Muscle messurements

I. Muscle index

The professiocnals tended to have higher mean muscle indices
{relative muscle masses] than the amatsurs but thz differences were not
statistically significant. However, differences (in favour of the
professionals) in relative uppsr limb muscle cross-sectional area (muscle
index BSA} were significant (p < 0,01). This finding and the fact that
upper limb muscle indax was not highly correlsted with upper limb muscle
index (8SA) in thres of the four groups, indicate that different results
may be expected when thess two tissue index methods are applied to muscle
tissue. In contrast, when these two tissus index methods are applied to

bone tissue, similar results may be expscted.

The males had higher mean relative muscle masses than the females in the
upper limb, amm and foreerm (p < @,01}, &n the other hand, the females
had larger relative muscls masses in the lowsr limb. Relative thigh and
calf girths were found also to be larger in the females (professionals}.
These tindings are probably due partly to the fact thot the lower limbs
of both sexes are subjected generally to mare similar conditions of

physisal activity then are ths upper limbs.

The mals professional tennis players has a alightly higher average uppar
limb muscle index than the Dlympic sprinters, but e considerably lower
mean indsx tnan thet of the Olympic javelin throwers and wrestlers (Table
XLIV, p.278).The mean upper limh muscle indices of sedentary males and
females were considerably lower thai those of the tennis profsssionals
{Tablas XLIV, p.27% and XLV, p.260) ot the 1 percent level of significance.

Mean upper limb and arm muscle index RIA's were larger in the professionals
than in the amateurs (p < 0,05). The forearm muscle RIA was also larger
in the fema.e professionals (p < 0,05). Although differences were small,
1t was surprising to find a larger meen farearm muscla RIA in the male

amateura than in the male professianals.

Muscle index sould nut be accurately predicted From ons-term regression
equations, but the fullowing multiple linear regression formulas do
provide a relatively high degree of predictive apouracy.



R2(%)

Femals Mus index = 1,08+0,004 (yrs) - 0,01 (stat) + 0,40 (BSA} 77
professionale  U.L.(8SA3

Male amateurs Mus index = 0,6+0,01 {mass) - 0,004 (stat)+ 0,002 (yrs) B8

U.L, (BSA}
Female Mus index = 0,8 + 0,007 fmass] - 0,004 (stat) 73
amateurs U.L.(B3A}

Lower limz musele index was an dmportant discriminant between tha

male and female amateur groups (> FA).

II1. 1 volume

The professionals' mean uppsr limb, arm and lower limb lean
volumes were larger than those of the ameteurs {p < 0,071). The profes-
sionals also had larger average lean volumes in the forearm, bui the
differences were not significant. Predictably, the average lean volumes
of the males were larger than those of the females (p < 0,01). Although
upper and lower limb lsan volume differences between the professionals
and amateurs ware non-significan® when mass, stature and lengths (iimb)
were kept constant, these corrections did not alter the position in
respect of the lean voluma differences “etween the sexes (Table XXVIII,
9.207), in other words, the average lesv volumes ware still Pound to be
larger in the males,

Caompardscns of the wean valuss for upper limb and segment lean volumes
among sxpert male sport participants (Table XLIV, p.278) revesled that
the male professional tennis playars had larger average arm and foresrin
lesn volumes than Oliympic soccer players and a larger meen upper limb
lean volume then Olympic sprinters. Since sprinting and soccer playing
mske ittle structural or functional demends on the upper limb, this is
not unexpected. Olymple water polo players, swimmers and rowers had
suhatantielly lerger aversge lean volumss of arm and forsarm than the
professional tennis players. Arm, forearm and upper limb lean volumes in
the male professionals were copsiderably larger than those of sedentary
males (p < 0,047,

On the average the female professional tennis players had a larger arm
lsan volume than Olympic runners. The professional tennis layers and the
gymnasts had the same average forsarm lsan volumes(Tabla XL, p.280).
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One would expect to find lsrger mean lean volumes in gymnasts who use
their upper limbs extensively. Female Olymplc gymnasts are often guite
young (14 to 16 years) and this may explein their relatively small arm
and forearm sverage lean volumes, The femaie professional tennis players
had substantially laiger average lean volumes of arm, forea.. and upper
limb than sedentary femaies (p < 0.01i.

The lean volume RIA findings were very similar to the miscle index RIA
findings. As in the case of the ruscle index, the lergest average lean
valume RIA's in all four groups were found in the foresrm.

The male smateurs had significantly larger forearm lean volume RIA’s

then the male professionals [p < 0,01). A similar finding was evident
respsct of the forearm muscle index RIA. An investigation of the lean
valume in the non-dominant forearms of the mele professionals and amateurs
revealed that thers were relatively larger differences [(in favour of ths
professionals) in the non-dominant forearm compered with the differences
in the dominant forsarm. This finding suggests that the male professional
players had more muscular forearms than the smateurs before the commence-
ment of tennis playirg and training. It seems 1iksly thet a degree of
pre~selection msy have been partly resprnsible for the observad differences
in upper limt mussularity bebween the mals professional and amateur
players.

It should be pointed cut that the non-deminant upper limb is not an
unexercisad extremity, since it is used to slevate the ball during the
serve, to achieve and maintain halance during the execution of the strokes,
to steacy and support the racket on the backhand side prior to the for-
ward swing and, sometimes, o eMsmute drives and/or volleys in the case

of double-handed strokes. These funciions, particularly the latber ane,
would tend to lessen, particularly in the professionals, the structural
differences between the dominant and non-dominant limbs and may provide
some explanation for larger mean lean volumé and muscle index RIA values

in the amateur play.rs.

The #indinge indicsted that lean volums could not be accurately predicted
by means of one-term regression squations. The following multiple

regression squations were the most promising:
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R (%)
Lean volume =-178,4 + 18,32 (hrs/wk] + 64,15 (mass) 48

Male
professionals  (U.L.]

Feonsls Lean volume » -1180,7 + 225,15 (BSA) + 52,78 (yrs) 69
professionals  (U.L.)

Male Lean volume = 1385,3 + 98,64 (mase) - 28,10 (stat) +
amateurs W.L.) 53,14 (age) 91
Female Lean volume =-1030,3 - 28,02 (hrs/wk} + 76,24 (mass) 75
amateurs .t

Lower 1imb lean volume was the most important diseriminant between the
female professional and amateur groups (>FP). This was not en important
discriminant betwsen the two male groups., The female professionals’
greater lowsr limb Is=r -~lume probably enables them to move about the

4l male amatsurs.

court more rap:

III. Reletive .. osglute muscle differancas

Relative and absoluts differences in muscle measurements
amang the groups are shown in Table XLVYI (p.281). The mean girth and lean
volume values were in close asgreement and there is little doubt that the
professional tennis player is, on the avarage, considerably more musculsr
than the amsteur, while the male is considersbly more muscular than the
female. The protsssional is also reiatively more muscular than the amateur.
although differences here are far lass pronounced. Tie findings indicate
that habitusl racket manipulation results in marked muscular hypertrophy
of the dominant upper limb. The high forearm muscle index and lean volume
RIA’s indicate that the greatest hypertrephy occurs in the forearm.
Similar findings were reported frum studiee conducted on tennis players
by Buskirk gt el (1856), Chinn et al (1874}, Cepley (1976s) ana Priest
ot_al (1977), From visual inspections of a large number of professional
tennis players, it has become evident to the sauthor that the structural
asymmetry which generally characterisss the professional player, is not
restricted to the upper extremities but Is clearly discernible in the
misculoture of the trunk (rectus abdominis, pectoralis major and trapezius)

as well.

Another interssting trend evident From Tabls XLVI (p.2B1) is that the
female professionals had higher mean musnlz index RIA's than the males in
the upper limb, arm and foresrm. Under similer training or exercising
conditions, muscular hypertrophy is usually less pronounced and ooouUTS
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more slowly in the female than in the male (Massey gt al., 1973; Noekes,
1877). Accarding to Neakes (1177) this phenomenon is due to the lower
levels of body building testosterons in the female. From the muscle

indsx RIA Findings it appears that upper limb muscular hyperbrophy is
relatively greater in the female than in the male professional tennis
players. It is the author's contention that this phenomenon 1s due largely
to -ex differences in absolute muscular strength. Because of ber smaller
absalute sirength (Mathews and Fox, 1978) and the fact that there is
usually little difference in the mess of the rackets used (Copley, 1879a),

the female utilizes a higher proportion of her raximum upper limb strength.
This then would resilt in relstively greater muscular hypertrophy in the

famele professional temnis player.

E. Fat msasursments
I. Skin-fat index

The meen upper and lower limb skin-fat indices ({relative
fat masses) of the professionals and amateurs were similar. Trs female
professions’s had slightly higher skin-fet index meens than the female
amsteurs, As could be expectsd, the femsles had significently larger
reletive fat masses than the males (p < 0,01).

From Table XLIV (p.278) it in evident that the male professional tennis
players fiad on the average, relatively less upper limb st than Dlympic
Javelin throwers and wrestlers, it relatively more fat than Olympic
sprinters, The sedentary males hsd a higher mean upper limb relative
fat mass than the professioral tennis players. The female professional
tennis players had a smeller relative amount of fat in tha upper iimb
compared with the sedentary females (Tabla XLV, p.280),

Biffarences in meen skin-fat index RIA'S among the Tour groups were not
statistically signifiscant. It would appesr that intsnsive racket
menipulation has little effect on the amount of fat in the dominant
compared with the non-dominant upper limb., This was in kesping with
similar results abtained in studies conducted on tennis players by the
suthor (Copley, 1976a) and Gusoup et al (1978). Thess findings, as well as
those of the present study, fail te support the 'spot rsduction’ thsory?

@ Reduction In the amount of adiposs tissus in & specific area i.
response to lagslised treining or exerciss.
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The poeitive upper limb, srm and forearm skin-fat RIA‘s found in all four
groups indicated very clearly that there was more fat in the dominant
than in the non-dominant uppsr limb. Although one might have expected
non-significant fat differences between the dominant and non-dominant
limbs, one would not have expected to find more fat in the dominant upper
linh. Biceps and triceps skinfolds were consistently larger in the
dominant limb. It is highly unlikely that instrument or observer error
were responsible for the ohserved finding since calibrated Harpenden
akinfold alipers wers utilized for the messurements and becauss the two
cbservers {the suthor and a senlor assistant), freguently took skinfold

measurements on the same subject. According to W. Rose (perzonal

commnication), muscular hypartrophy may result in reduced skin compressi-
hility which, in turn, wauld heve the effect of increasing skinfold
caliper measurements. Since most of the players were more muscular in
their dominant limbs, this appears to be a feasible explanation for the
abserved finding.

The upper imb skin-fat index was highly and significantly correlated with
upper limb skin—fat index (BSA) in the male professional and amateur
groups. When these two tissue index methods (relative mass and relative
cross-sectional area) are applied to fat tissue, similar findings can be
expected, Since the latter tissue index method (by relstive cross-
sectional area), proposed by the suthor, lnvolves fewer caloulations than

the other method, it sppears to be the mare practical ane to use.

As in the case of the bone index, skin-fat index could not be accurately
predicted from any of the derived simple or multiple linear regression
formulae.

II. Relative and absolute body fat

The mean relative and aehsclute body fet of the professionals
and emateurs were fairly similar. Predictably the females hed greater
relative and absolute body fat then the males [p < 0,01). According to
5. Terblanche (perscnal communication}, exercise causes a marked stimula-
tion of the femals's but not,the male's sppetite. This is due to sexual
Gimorphism in hormonal response to exercise. This may partly explain the
observed differe -e in body fat between the male and female tennis players.
When mass and stature were held constent, relative bedy fat differences i
among the groups remained unaffected (Table XXVIII, £.207). H
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From Tsble XLIV (p.278) it is evident that the male professional tennis
players' mean reletive and shsolute body fat was greater than that of all
the other sport rep: ives with the excepticn of the Olympic Javelin

throwers end wrestlers (relative fat). However, the professionals had
substantislly less relative fat than sedentary meles (p < 0,01). The
female professinnal tennis players hed the largest mean relative and
absolute body fat of all the expert performers (Tabls XLV, p.280). They
did, however, have markedly less relstive [p < D,01) and sbsolute (p < 0.08)
body fat than sedentary females. The professionel tennis players’ average
body fat (relative and absplute) is considerably greater than one would
expect to find in athletes whose sport requires rapid displacement of the
body mess for extended periods of time. The lack of speciallsed training
programmes, and the high carbohydrate content meals served at most of the
tournaments, are probably majer factors cantributing to this observed
finding.

The eccuracy with which absolute body fat (fat mass) could be pradicted
was considerably higher than the accuracy with which relative body fat
(% fat) could be predicted in all the groups, excopt the Female amateurs.
Of course, relative body Tat mey be determined easily by expressing

absolute fat mass as & percentage of body mass.

The following linsar regression equations cen be used ty predict body fat
with & fairly high degree of accuracy:

R? (%)

Male Fat mass = -10,4 + 0,20 (mass) + 1,14 (age} 47
professionals (kgld

Female Fat mass = 30,4 + 0,78 (mess) - 8,37 [stat) b4
professiotals Che) + 0,17 (yrs)

Male Fat mass » 17,9 - 0,87 (BSA) + 0,42 (pass) 82
amateurs (kg - 3,21 [stat)

Female Percent = 0,5343 (mass) - 9,38 62
amageurs fat

The prediction of relative body fat from msss in the famels smsteurs can
be obtainsd alsc from the re,ression greph presented in Figure 32 (p,232).

Relative body fat was & very important dissriminent betwsen the male and
femsle groups (>F). It is ths author's contention that the male’s
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ability generally to move about the court mere rapidly and efficisntly
then the Temale, is duas partly to his considersbly lower relative Sody
fat.

III. Relative and sbsolute fat diffsrences

A summary of the relative and sbsolute differences in fat
measurements among the four groups is presented in Table XLVI (p.2813,
It 1s evident from this teble that the profsssionals tended to have larger
absolute and relative fal measurements than the amsteurs. Absolute and
relative fat measurements were considerably larger in the females compared
with the malss., Fat differences betwesn professiopal players and sedentary
subjects seem to indicats that tennis playing may have the effect of
reducing body fat. However, tha insignificent differences betuween the
professionals and smateurs in respect of relative and absoluts body fat
and upper limb skin-fat index RIAs, suggest that the frequency and dnten-
sity of tennis playlng have little effect on absolute fat mass and local
fat ceposits.
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5.2.9 Somstotype

The mean somatotypes of the male professionals (2,2 - 4,6 - 3,8)
and the male amateurs (2,2 - 4,3 - 3,2} both fell in the upper right
sector of the somotachart and were classified as ectu-mesomorphic
(Figure 14, p.190). The mean somatotypes of the two male groups differad
at the § percent level of significance. The male professionals wers on

the average, more ¢ ard less ic than the amsteur

players.

The mean somatotype of the female professionals (3.1 - 3,8 - 2,6) fell in
the upper laft sector of the somatochart (endu-mesomarphic), while the
female amateurs’ mean somatotype (2,6 - 3,2 - 3,6 was located in the
middie Tight sector and wes classified as meso-ectomorphic (Figure 15,
p.191). The difference betwsen the mean somatotypss of the two female
groups was highly significent {p = 0,001). The female professicnals were
more mesomorphic (p < 0,08) and less ectomorphic {p < 0,01} than the

amateurs.,

Surprisingly, the somatotype dispersion indices (SDI) were greater in the
professional groups. One would expect the SDI (relative looseness of
cluster of a number of somatoplots about their mean) to have been smaller
in the more select professional groups. The most proficient prefessional
and smateur players (male and female) tended to have relatively high
mesomorphic and low sndomorphic ratings. In contrast to the gensral
belief, it appears that there are physiqus requirsments, particularly in
females, for top class tennis performence (Copley, 1976b). It would be
interesting to see whether similar trends emerge from a tri-dimensicnal
analysis of the somatotype data, As statsd in the first chepter, this
will be done later. Of course,physiqus is only ana of the prerequisites
for success, but deviation from the optim m physique may becume a handicap
to the player striving to excel

Although comparisons of the mean Somatotype components and tissue indices
of the professional and amataur players sppearsd to indicate that
intensive tennis playing may incresse mesomorphy but have littls effect
on endomorphy, & comparison of the professional players' and sedentary
subjects’ mesn somatotypes did not confirm this theory. Mean mesomorphic
ratings were identical but the professionals had lower mean endomorphic
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ratings than the ssdentary subjects (Teble XLVIL,p.284 ang Table XLVIIL,
p.285]. tiowever, it should be pointed out thet visual comparisons of
mean values should be trested with caution. Both the mesomorphic and
endomorphic components of the sedentary sunjects reported by De Garay
et _al (1974) wers highsr thsn one wou' § expect to find.

Mean somatotypes of mele participants representing e wide variety of
sports are shown in Table XLVII (p.264), It is evident from this table
that the somstotype of professional tennis players was very similar to
that of Olympic Nordic skiers reported by Sinning et al (1877). From
Table XLVIII (p.285) it may be seen that the mean somatotype of the female
professionals wes fairly similar to that of Olympic swimmers (Hebbelinck
et al., 1875).
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5.3 PHYSIDLOGICAL DBSERVATIONS

5.3.1 Introduction

The follawing approach was utilized in the discussion of the

physiclogical cbservations

A, Discussion and interpretation of the statistical differences between
the professionals and amsteurs snd between the males and females.
As in the case .° the assessment of the morphological effects of
tennis playing, it sennot be automatically essumed that intensive
tennis playing over a period of years sas solely responsible for
the cbserved physiologicsl differences vetween the professional and
amateur players. These differences may i.ve been due pertly also
to constitutional dissimilarities and a degree of pre-selection.

B. Visual comparisons of the mean physiologicsl characteristics of
professional tennis players and other world class sport performers.
Vnz max and vital capacity valuss of sportsmen and sportswomen are
presentsd in Tebles XLIX (p.290) and L (p.296). Mean values of
sedentary males and females are included in these tables as controls.
The 'Student' t-test was used to determine differences in the means

of the professional players and sedentary subjects.

C. Discussion and interpretation of important correlations, linear
ragression equations and discriminants (stepwise discriminant

analysis).

5.8.2 Maximal aerpbic powsr

The mals tennis players and professionals of boch sexes had
significantly larger mean absolute VO, max velues (4/min) than the femalas
and amateurs respectively. However, differences in relstive V0, max
{mi/kg/min) wers small. An unexpected finding was that the females had
nigher relativs Vo, mex values then the males. Although sex differ-nces
in VO, max (ml/kg/min) wera not aignificant, differences in VO, max
(ml/kg LBWmin) were significent (p < 0,01). Most published reports have
shown that men generally have substentially higher V?z max values
{absolute and relative) than women (e.g. Ssltin and Astrand, 1867

Astrand and Rodahl, 1970; Wilmors and Brown, 1874; Costill, 1878).
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Since females wave a much smalier lean body mess than males, ne would
expect male-female differences in 002 max, expressed in millilitres per
kilog: ‘m lsan body mass, to be less pronounced than differences in VU2
mex expreiced in millilitres per kilogram budy mass.

The Astrand-Ryhming nomogram tends to undersstimete the VO, max of the
unconditioned subjects and to overestimate that of conditioned subjects
{Astrand and Rodanl, 1870, Thiert et al., 1878) but it is highly uniikely
that its use in the present study would have resulted in an over-
estimation of \‘/cx2 max in the female tennis players and an underestimation
in the males. The female players had high absolute VI, max valves end
small gross and lesn body messes compared with the males and thiz may
partly’explain the females' higher relative \'/02 nex,

A number of players had VD, max valuss in excese of 70 mi/kg/min. An
exceptionally high value of 85 mi/kg/min was found in one female pro-
fessional. This subject hed besn a leading British cross-country runner
prior to becoming a tennis professional. Since she was highly conditioned,
it 1is possible that the pradicted VO, mex was en overestimation of her
true Vo, max.

A comparison of the means end caefficients of varistion obtained when
workload and Un, were ssparately utilized to predict U0, mex from the
Astrand-Ryhmng nomogram, indicated prastically identical values within
gach of the four groups. In con , Shephard (1956) rep that the
use of workiosd comparsd with VO, in the Astrand-Ryhming nomogram
substantially incressed the verisnce . the predicted V0, mex. He sub-

sequently recommended the use of \'/nz. However, it should be pointed aut
that Shephard's study was conduted on sedentary subjects. The svidence
suggests that while \'/uz 1s probably preferabls ta worklaad for the
prediction of VCI2 max in sedentary subjects, either cne may be used for
conditionsd suhjects When the VD max of conditioned subjects is pre-
dicted from the Astrand ~Ryhming nomogram, there appears to be little
point in utilizing vuz, which is batb and time-consuming ta
measure, when workloed, which is . can be utilized with

the same degree of predictive accura.

fieen absolute and relative VO, max values of male end female sports
perticipants are shown in Teble XLIX (p.280}. Tha mele professional
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tennis players and Olymple soccer players had similar values. It was
interesting that national table tennis players had the same absolute VO,
max as professional tepnis players but a higher relativs VO, max.
Although the mean absolute VU, mex of sedentary meles was significantly
lower than that of mele professional tennis players [p < 0,05), their
relative V0, max was only sLightly lowsr than that of the tsmnis profes-

2
sionals.

Ball games do not place heavy demends on serobic power since short periods
of high intensity activity are freguently interrupted by periocds of reduced
tempo or rest (;strand ond Rodahl, 1870}, Mathews and Fox (1978) state
that only 3G percent of the snergy for tennis is derived from aserobic
metabalism, while the remaining 70 percent is anserobically obtained

It was surprising, therefore, to discover that the average female profes-
sional tennis player had & very high \'/02 mex, comparahls to that of
national swimmers and runners {Table XLIX, p.280),

The female professionals had a markedly higher \'/a2 max (absolute and
relative) than sedentary fenales (p < 0,01}, The svidence suggests that
while & high VO, max is not a preregulsite for success in men's tennis,

it is a prereguisite for success in women's tennis. Women’s teanis is
generally characterised by longer ralliss and lower work intensities

with more emphasis on gerobic wetabolism than men's tepnis, which generally
involves sharter rallies and higher work intensities with thes emphasis on
snasrobic metabolism. These ¢ '+ “ences in functional demands of men's

and women's tennis may provide an explenation for the present fincings.

V0, max (absolute and relative) win highly ang significantly negatively
correlated with age in the femala professionals. This confirms the
general observation of s reduced V0, mex with sgeing (Jooste et al.,1875).

The most promising regression equations for the prediction of V0, max

were:
P2 (%)
Male professionals VO, max = 0,0533 (mass) - 0,25 26

(&/min}

Fomile professionals VO, mex = 132,5- 3,00 (age) + 0,70 (hrewk) &7
(ml/kg LEW/min)
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Male amateurs 002 max = 99,9 ~ 0,41 (mass) - 1,28 lage) » 0,67 (yrs) 44
! (m1/kg/min)

Ferale amateurs VO, max = 0,195 (mass) - 3,79
(/min)

It is evident from these regression formulae that Vuz mex could not be

; predicted accurately from gross body mess or lean body mess in any of the
four groups. Although submeximal 002 can be accurately predicted from
gross bady mass [van der Walt et al., 1878), there are discrepencies in
the literature as to the accuracy with which \I/D2 max may be predicted
From gross body mass and LBM, Buskirk and Taylor (1957) reported that

N tody mass accountsd for only 70 percent of the variation in Voz max
similar cosfficients of determination (R?) were found in the present
study. In contrast, Wyndham and Heyns (1888) ancd van der Walt et al
(1978} reported considerably higher coefficisnts of determination for
the prediction af an max from body mass, Tha latter workers are of the
opinion that sometotype plays an impartant rale in the prediction of Vo,

data are

max from bod. i..8s and that the discrepancies in the repor
due mainly - .omatotype differences in the various authors’® samples.

{10, mex (B/min and ml/kg LBWmin) wes n w.iorient discriminant between
the male professional and amateur groups (> MP). This finding indicates
that & high 002 mex ie an edvantage in men‘s tannis, in spite of the
fact that it doss not appear to bu a precoguisite for the attein

high levels of tennis proficiency.
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%.3.3 Mechanical efficiancy

Although the male professionale recorded the highest mean net
cycling mechanical efficiency (30,1%), differencez among the four groups
were not statistically significent, Even when body mass, stature and
pulmonary function (FEV,]J wara held constant, mechanical sfficiency
differsnces among the groups were still found to be n.n-significant.
These findings indicste relatively similar physiclogical responses to
nubimeximal cycling in the faur groups.

The mean mecherdcai sfficiency values of all four gr.ups were higher than
the mean value of 23,5 percent for & group of sedentary sdults (Astrend I.,
4950) and 25,0 percent for a group of athlstes (01 Prempero gt al., 1976).
However, Gassser and Brooks (1875) have pointed out that, unless cycling
work rates are standardised, comparisans of mecharical efficiency should

be treated with caution,

unen the efficiency of tennis playing is assessed by U0, during play

baing expressed as a percentage of VUZ max, the male professional an

the average used only 39 percent of his U0, mex, while the male

amateur utilized 2 percent of his VO, max. This msthod of assessing
efficiency in tennis players is prefersble ta the . 'armination of the
mechanical efficiency of cycling. Unforfbunately, relisble statistical
analyses and interpretations of tennls playing efficisncy were not possible

becausa of the small number of cbservations.

In the professional players, mechanical efficiency was corrslated signifi-
cantly with U0, max (ml/kg/min). Although the correlstion wes not high
this finding supports the contention that mechapical efficiency may be

used to gauge csrdio-respiratory fitnass.

A wide pelvis has the effect of reducing the mechanical sfficiency of
running becsuse of the greater hip muscle Involvement (NMathews and Fox
1876). In the present study bi-iliac diameter and mechanical sfficiency
were negatively correlated in the female amateurs (p < 0,05). This finding
suggests that the efficiency of cycling may be influenced slsc by pelvic
width,

Sweat-rate accounted for 76 percent of the variation in mechenicel efficiency

in the female professionals. The one-term regression egquation that may be
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used to predict mechanical efficiency with a fairly high degree of
accuracy is:

F

emale ME (net} = -3,3405 (sweat-rave) + 32,82
professionals

5.3.4 Energy cost

Unfortunately, only 11 subjects ware willing to participate in the
energy cost determinations. The fear of heving to breathe through the
portable respirometer and the fact that the durstion of the test was
relatively long (ZD to 30 minutes}, were probsbly the main reasons for
the general reluctance of players. Reliasble ststistical analyses and
interpretations were not pussible becauss of the small number of cases
involved,

The diffsrence in gross, absolute energy cost be.ween the two male groups
was very small. The mean enargy cost of 36 kd/min for the male players in
the present study was slightly higher than the value of 28 kJ/min found
by Skubic and Hodgkins (1967) and the valus of 30 ki/min reported by

O.H, Clarke {1975). Thess absolute energy cost differences may be the
result of differsnces in tennis proficiency. Gensrally, the proficient
tennis performer plays a more sggressive attacking game than the less
proficient performer. Attacking tennis is characterised by repested,
rapid net approaches which requirs far more physicsl effcrt than a
defensive baseline game. The energy cost of singles tennils and badminton
playing are very similer (£ 30 ki/min). Squash playing is far more
strenuous with & meen energy cost of sbout B4 kilajoules per minute
(Passmore and Durnin, 1955). Uifortunately, most of the energy cost
tables in the literature are published without reference to subject num-

bers, stsndard deviations, proficiency levels or whether gross or nat

valued are being presented. This greatly hinders comparisons of the

reported values.

While ths absolute enwrgy cost of singles playing was very simllar in the
mole professional and amateur groups, it was evident that the relative
cost of playing (\‘/n2 % Ouz max), was far lower in the professional group
(39%) ctoen in the amateus group (52%). The inverse relationship hetwsen
relstive snergy cost and proficisncy in swimming (Karpovich and Millman,
1847} and in handball (Banister et al., 1964), sppears to be spplicable

also to the sport of tennia. Interestingly, fhe relative energy coet of
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singles tennis playing in the male professional, is very similar to that
af the manusl lsbourer who is allowed to set his own working pace
(Astrand I., 1967).

5.3.5 Swest-rate

The mean absolute (R/hr) and relative (L/n*/hr) sweat-rates of the
professional and amsteur players were very similar. The males had
significantly higher sbsolute sweat-rates than the females (p < 0,03).
Relative swest-rates alse were higher in the males. The femsls hormone
lutevtrophin (LTH), which rsduces the loss of liguid from the body, is
largely responsible for the females’ lower sweat-rate {personal communi-

cation from S. Terblanche}, When relative or percentage body fat was

held sweat-rate diff {absalute)} between the sexes were
not significant (Table XXIX, p.208). This indicates that sweat-rate is
influenced by the amount of adipose tissue.

The mean relstive swest-rate of the male professional tennis players
(0,67%/n? /hr} was lower then that of world class merathon runners

(0,09 L/r /he3 S but slightly higher than thet of wsll trained heat
ascolimatised subjects (0,52 2/n*/hr).®  The sweat-rates of the tennis
players sre fairly high when one considers that competitive playing aften
exceeds 4 hours per day. In a match lasting 120 minutes, the male pro-
fessional and amateur players would lose on the average 4,95 and 1,80
litres of liquid respectively. This constitutes a liquid-loss af 2,6
pergent of the total body mass of the males’ In femsle professionals

and amateurs the linuid-dosses would constitute on the average 2,0 and

2,4 parcent of the bedy masses cespectively® Tt is cbvicus from these
data that rompetitive tennis playing mey result in marked dehydration.

According to Heyward et sl (1878), the rate of cooling is a function of
BSA. The large BSA's of the professional pleyers (f = 2,02 n® and
¢ = 1,70 n?) indicats a high rate of cooling and efficient thermo-
regulation during exposura to hest.

% Calculated from data reported by Costill [1978).
m Calculated from dats repo-+~d by Jooste and Strydem (1878).
% Calculsted from mean data - the present study.




284

Sweat-rate in the maies could not be accurately predicted by means of
aither simple or multiple linear regression equations. However, in the
females the following one-term regression equations appeared to be the

most promising:

g% (%)
Female profassionals Sweat-rate = 0,0813 (stat) -~ 12,40 72
(a/hr}
Female amatsurs Sweat-rate =-0,0424 (mass) * 3,40 78
{&/hr)

As these regression formulee were derived from data obtained from small
samples (4 professionals and 4 amateurs), they should be treated with
caution. The fact that sweat-rate (FA) was negatively correlated with body
mass wes surprising since heevier psrsons ususliy have greater sweat-rates
(Astrand and Rodehl, 1870).

5.3,8 Static and dynamic pulmonary volumes

The professianal players had significantly larger mean sbeolute
(VC) and relative lung sizes (VC/BSA), IRV, ERV, IC end asbsclute lung
power (FEV,) then the arateurs. Differences in TV and relative lung
pawer (FEV,I)were small and non-significant. Predistably, the males had
significantly larger dynamic and static volumes than the femsles, with
the exception of relative lung power where differences wers smsll. The

females tended to have slightly grester relstive lung power than the males.

As can be sesn from Table L (p.205}, the male professional tennis players
had a noticesbly smaller average VC then socosr players, swimmers and
track athletes but a larger VC than the sedentary males. In respect of
the femalss, the Olympic swimmers were characterised by the largest mean
V&, The femals tennis players and runners had similar mean VE's. The
mean VC of sadentsry femelss was considersbly smaller then that of pro-
fessional tennis players (p < 0,05},

It wes surprising to find that FEV, was significantly negatively
carrelated with U0, max in the smateur players. as e positive eorrelation
was expectsed, Howaver, it should be noted that although the correlations

were significant, they were not high.




The accuraoy with which VC and FEV, could be predicted wes considerably
figher in the amsteur groups, The most promising regression formulae

were;

Mals

professionals FEV1 = =-%,1 + 3,88 (BSA) - 0,04 (age) 33

Female

professionale VG = 3,2 + 0,05 (yrs) + 0,02 (hrswk) 43

Male

amateurs Ve = -13,1 « 0,09(stat) + 0,08 (age) - 0,05 84
(yrs}

Famale

amateurs Ve = 5,4 - 0,04 (hrewk} - 0,03 (mass) a0

The following one-term rsgression equati~ the estimation of VC from

stature in male amateurs alsc provided 1 lgh degree of predictive

accuracy:

tiale amateurs VC = 0,0843 (stat) - 9,69 R* = 87

The regression line of this equation with 85 percent confidence bands is

shown in Figure 30 (p.230).

Tidal volume was an important physiclogical discriminant between the two
msle groups (> MA), while FEV, and IC were inportant physiologicel dis-
oriminants betwsan the two female groups (>P), I€ and FEV, were
significant physiological discriminants between the two professiona’
groups (> MP), while relative lung size [VC/BSA) was sn importsnt dis-
criminant bstwsen the two amatsur groups (> MA). Tha evidence suggests
that a large FEV1, IC and relative lung size {VE/BSA) are advantages in
tennis and that compstitive tennis playing over a pericd of ysars has
beneficial effects on both the structure and function of the respiratory

system.
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5.3.7 Flexihility

Only trunk flexion-extension appears to be increased by intensive

tennis training and compstition. This is probably the result of habitual

ding and twisting of the trunk during the tennis service. In contrast
to this finding,the nasgative RIA values for most of the bilateral
flexibility tests indicate that tennis playing actually reduces joint
mobility in the upper limb. This was particularly svident in the
supination-pronation test where the highest negatlve RIA values were
recorded in ail four groups., A similar finding was reported by Chinn

st al {1974) in & study of international and national tennis players.
Supinatien-pronastion and shoulder rotation were found to be significantly
reduced in the playing 1imb campared with the nan-playing lims

According to these workers, fibiotic changes in the capsule and ligaments,
rasulting from repested microtraumste over years of Intensive tennis train-
ing and compstition, may have the effect of reducing joint mobility in the
dominant upper limb, Although thess fibrotic changes serve to msintain
oversll stability of the joint structire by decreasing capsular disten-
sibility, they prevent the full range of internal rotation.

Soft tissues, particularly muscle tissue, can have a significant effect
on joint mobility (De Vries, 1875). In a study by Braune and Flugel
(1882) on cadavers, it was found that supinaticn-pronation was signifi-
cently affected by the forsarm musgulsture which became wedged betwasn
the ulna and radius during pronation of the forearm. The male tennis
player's significantly lowsr supinatlon-pronation, sompared with the
female's, is probably the dirsct result of his significantly greater
forearm muscle msss, Elbaw flexion-sxtension also appears to be o ictad
by upper limb musculature. Professional-amatsur differences in elbow
Flsxion-extension were not statistically significant. Howaver, when
upper limb lean volums, which was greater in the profassionels {p< 0,011,
was held constant {Table XXIX, p.208), it was found that the professionals
had significantly grsater elbow flexion-extension than the amateurs

{p< 0,05). Intra-muscular changss resulting directly from upper 1imb
muscle hypsrtrophy mey slso be pertly responsible for a reduction in
joint mobility. Muscle hypertrophy increases intra~musculer tension or
muscle tone and also causes relativa shortening of the muscle, since the
increase in Pibre oross-sectional ares is proportionally greater than

the increase in fibre length.
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A number of static flexibility tests were significantly negatively
correlated with age which indicates reduced joint mobility with ageing
This was particularly evident in the male professionals

The low correlations and ccefficients of determination among the verious
measurss of stetic flexibility confirm the observation made by Holland
(11988} that the measurement of one of several body joints cannot be used
to predict accurately the renge of motion in other jeints

The following multiple linear regression equations were found to offer the
graatest predictive accuracy of static flexibility:

Amateurs R

Females  Shoulder FE = 274 - §,3 {nrawk) - 1,83 (age) + 1,68 {yrs) &4

Males Wrist FE = 50,5 + 14,89 (BSA) + 0,8 (yrs) 78
Professionals

Females Sup-pran = 505,7 + 2,39 (hrswk) ~ 191,1 (85A} 57
Males Hip FE =-42,5 + 250,47 (BSA) - 4,42 (mass) 37

In the stepwise discriminant analysis conducted with all the variables
(morphalogical end physiological), hip and trunk flexion-extension were
found to be highly important giscriminators between the msle professional
and amateur groups (> MP). The male professicnals’ greater hip joint
mobility probably results in a more mechanically efficient serving action
than that of amateur players. The importsnce of mechanical efficiency in
tennis is related to the duration of play., Although lateral flexian of
the trunk and hip asbduction wers found te be important in discriminating
botwaen the female profsssional and ameteur groups when the analysis was
conductad with only the physiclogical variables, they were not important
discriminants when the analysis was conducted simulteneously with all

the variables, morphological and physiclogical.

5.3.8 Vision
The smail professional-amsteur differences in interpupillary dis-

tance indicate that this linear measurement is not relsted to proficiency

in tennis, It would bs interesting to determine whether interpupiliary

distance and depth perception are related.
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The majority of individuals are right-handed, a fact substantiated by the
present findings in which 84,6 percent of the players were right-handed.
No such definite trend is apparent in respect of ocular dominance.

Duke-Elder (1939) reported that 64,0 percent of the adult population ware

right-syed. In the present study, right- and left-eyed percentages among
the players, both professionals and amatsurs were approximately equal.

The majority of male players were left-eyed (54,2 percent), while most
females were right-eyed (57,8 percent). This finding suggests slight
sexual dimorphism:in ocular dominance. In this study right-eyed dominancs
was significantly related to temnis proficiency in the females but not in
the males. It appears that ocular dominance is more important to the
famals tennie player than to the mala player

Studies by Adams (1965) and Whiting and Hendry (1988) have indicated that
expert sport performers are precominantly unilateral. Similsr findings

are evident from this ot.iy ' -z the majority of the male (53,1 percent}
and the femals (71,4 percent) professional tennis players were unilateral
One may not assume that unilaterality and bail game proficiency are
necessarily related. Such an assumption would be feasible only if thers
were an equal number of crossed lateral and unilateral subjects in the
general population, which does not appear to be the case. From a study
conducted on a large oross section of the general population, Hildrath
(194y) reported that betwasn B0 to B0 percent of the subjects were uni-
latsral. In the present study, 55,4 percent of all the playsrs (professional
plus ameteur) were unilatersl. it would appear that unilaterality is
more common than crossed laterality in both sport particisants and

sedentary persons.

The relationship between eye-limb concordance/discordsnce and proficiency
in ball games cen be determined only by assessing and comparing eye-limb
concordance/discordance in performers of varying levels of proficiency
within o particular sport type. This approach was utilized in the present
study, By means of Chi-square snalysis (contingency table), it was found
that unilateral female tennis players wers generally more proficient than
crossed laterel players. Unilateral baseball batters were also found to
be more proficient than crossed lsterael batters in a study by Adams
(1965). Tennis proficiency was not raleted to eye-limb concordance/
discordance in the mals tennis players. As in the case of sys dominance.

eye-limb concordance/discordance appears ta be mors importent to the
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femsle tennis player then to the male player. The majority of professional
playera (80,4%) were unilateral and the evidence suggests that unilateral-
ity 1s preferabls to crossed laterslity. Eye and limb dominance are
usually congenital and in this respect thersfors, good female tennis

players sppear to be horn rather than made.

An interesting observation was made regarding stroke proficiency and eye-
1imb concordance/discordance. Most unilatersl players rated themselves
more proficient on the forehand side compared to the backhand, while most
orossed lataral players wera of the opinlon that they were better on the
backhand side compared to the forehand. From this observation it would
appear that when the dominant or controlling =ye is on the same side as
that on which the ball is struck, greater groundstroka proficiency is
achieved. This observation is substantiated by Lund (1932) and Fink
1938}, who fourd that the highest degres of co-ordination was achieved
waen the dominant or directing eye was on the same side as the dominant

hand,

The claim is often made that left-handed tennils players are more proticient
performers than right-handers. In this study howsver, handedness and
proficiency wers unrelated, It is true of course that since thers are

Far more right- than left-hended tsrnis players, the left-handers have

more opportunity of hecoming accustomed to right-handed pleyers than
vice-varsa. This may possibly explain why lsft-handers are regarded
generally as more 'difficult’ opponents than right-handers.

5.3.9 Comment

The results obtained from the stepwise discriminant analysss
revealed that the basic and derived marphological variahles tended to be
more important than the physiclogical and biochemical variables in dis-
tinguishing between professional and amatsur and between male and female
groups. The derived morphological variables tended to be the most impor-
tant distinguishing variables (the highest spproximate F - statistics).

5.4 BIOCHEMICAL OBSERVATIONS
5.4.1 Glucase

The mean pre- and post-match blood glucose concsntrations of the
four groups were fairly similar, A comparison of pre- and post-match



blood glucose concentratiore within each group indicated larger post-match
concentrations in all four groups, In the males, the post-match values
wera significantly higher than the pre-mstch values at the 7 percent

level of sgignificance.

Elevated blood giucose concentrations following marathon running wers
reported by Magazanik et al (1874), Meron gb al (1875) and Jooste et al
(1877]. The increase nas been ascribed meinly to the common practice of
ingesting cerbohydrate-supplementsd solutions during the races, Similarly,
many temnis players in the present study consumed ’'Isotonic Game

(a replacement ligquid containing giucose) at frequett intervals during
their metches, This may have been partly responsible for the elevated
post-match glucose levels in the tennis players. Furthermore, because
there was marked dehydration [sweat-loss in excess of 2 percent of body
mess) and sweat-rate was highly and significantly corrslated with past-
matech glucose in mele amateurs, it seems likely that haemoconcentration
was also partly responsible for the elevated post-matoh glucose levels.
The evidence suggests that the occurrence of hypoglycsemia in tennis
players is highly unlikely.

From Table LI (p.304) it is avident that the blood gluccse response to
strenuous compstitive tennis playing is similar to tnat of long-distance

running.

\‘/E'2 max {#/min) was highly and significently correlated with post-match
glucose in the male ameteurs. For e given workload, the individual with a
nigh V0, max would use a smaller percentege of his O, max and tend to
rely more heavily on fat metabolism than en individual with a low V02 max
Since fat metabolism has & glycogen-sparing effect (Costill, 1879}, the
evidence suggests that a high 002 max is essociated with a more efficient

utilization of blood glucoss.

5.4.2 Lactate

Mean pre- and post-match blood lactats concentrations in the four
groups were quite similar. Althaugh post-match levels wers higher than
pra~match lactate levels in all four groups, differences were significant
{p < G,10) only in the male professional group. The low post-match
lactate lsvels in the professional players may have been dus partly to an

efficient lactate clearance (giuconeogenesis) which nceurs in response to
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high intensity training. The low post-match lactate levels in males and
females and the high U0, max  females indicste thet snssrobic metabolism

may be less important and .¢ metabolism more important in tennis

playing [particularly in wame. . temnis) then was previcusly belisved
(Astrend and Rodahl, 19705 Mathews and Fox, 1876).

In a study conducted by Seaudin et al (1978), it was found that squash
playing did mot produce high lactate concentrations. The mean value of
2,7 millimoles per litre for squash players was very similar to the

lactate level (2,6 m moles/litre) found in the male professional tennis
players. As can be seen from Teble LI (p.304), tha mean post-exercise
lactate level Jf the long-distsnce runners was very similar to the mean

pre-exercise lactate level of the male professional tennis players.

5.4.3 Electrolytes

Pre- and post-match serum electrolyts differsnces among the four
groups were small, with the exception of pre-metch sodium where signifi-
cantly higher mean valuss were found in the females than the males. The
transport of sodium is regulated by certain hormanes, namely, adrenc-
corticsl steroids and, in particular, the adrenccorticotropic hormone
(ACTH}. Under the influence of these hormones, the concertration of
intracellular sodium is increased.with a concomitant decrease in the
concentration of serun] or extracellular sodium. Owing to sesxial dimorphism
in hormonal secreticn, tnere is & larger release of these steroid hormones
in the males than the females, This may partly explain the considerably

lowsr pre-match sodium oen in the males.

The females’ higher post-match sodium is probably the result of the

presence of the luteotrope harmone (LTH) and a reduced secretion of

steroid hormones in response to exerciss, the reduction being propartionally
greater in females then in males (Tharp and Buuck, 1974; Terblanche et si.
18783, LTH acts as a stabilizer of sodium and reduces its loss in sweat
Since LTH is a female hormons, it oscurs in far graster guantities in the

female (personal communication S. Terblanchel.

The fact that post-match sodium concentrations were significently higher
than pre-metch levels in three uf the four groups, confirms the observa-
tion of Terblanche st al (1978) that a reduced release of steroid hermones

oceurs in responss to physical exarciss. This has the effect of increasing
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the post-match serum sodium concentration. The elevation of the post-
wetch sodium levels may also have been due partly to haemczoncentration

which ocourred as a result of deshydration.

Post-match magnesium cnncentr‘atinn.s wers slightly lower than pre-match
lsvels in the male amateurs and femele professionals. This was probably
due ta & shift of magnesium from the extracellular into the intracellular
compartments, Numerous enzymatic reactions in which msgnesium is an
important cation ocour in the intracellular compartments (persenal

communication S. Terblanche;, Other studies (Rose al., 19705 Beller

st al., 1975; Joose st al., 1977; Cohen and Zimmerman, 1978) have reported
significant decrsases in serum magnesium levels after exerciss. The
slightly higher post-match magnesium concentration in the male profsssionals
compared with pra-match magnesium might have occurred because of haemo-
concentration and/or certsin metabolic sdeptations in response to years of
irtensive tennis playing. According to S. Terblanche (personal communica-
zion), the metabolic adsptations may have reached a level at which a

agnesium shift is unnecessary becanse of adequstu intraceilular magnesium.

v be sesn from Table LI (p.304), the pre-exercise sodium, magnesium

shloride concentrations of professional tennis players and highly

ed long-distance runners were fairly similar. Post-exercise magnesium

wel chloride levels wore smaller than pre-exercise levals in the runners,

il the opposite was found in the tennis players. These differences in
-wat~axercise eleptrolyte congentrations are probably due largely to the
ferenpa in duration between temnis playing and distance running.

Tne “uchemical findings of the present study indiceie that sirenuous
competitive tennis has relatively little effect on blood glucose, blocd
lectste end slectrolyte lsvels and that biochemicel responses to tennis

playing are very similar in professional and amateur playsrs
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TABLE LI: Pre- and post-exercise blochemical concentrations in
male tennis players and long-distance runners

Professional Distance
Tennis Players Runners
Present Study Jooste st a1 (1977)
Glucose 1 85,4 ¥ 4,72 80,9 < 3,01
(mg%) ' ¢
7 5
(N i
2 08,1 = 11,73 115,3 £ 41,03
Lactate 1 1,8 < 0,17 2,6 ¥ 0,35
(m moles/8) '
10
‘ +
2 2,8 - 0,45 1,8 ~ 0,13
Sodium 1 138,1 £ 0,63 142,32 0,95
{mEq/R) §
[
; 5
2 140,7 % 1,05 43,5 © 1,82
Magnesitm 1 2,0 2 0,07 1.9 £ 0,08
(mEg/g) t
5
¥
2 2,1 % 0,08 1,6 ¥ 0,08
Chloride 1 103,4 < 2,81 103,8 © 0,22
{mEq/8}
B «
2 104,8 2,62 01,0 1,88
1 = p se con don, 2 = p roise concentration

% = Standard error of ti mean,

2% onnected by
levels indicated.

arrows differ significantly at the peroentage

-




5.5 SUMMARY

5.5.1 Questionnaire

The popularity of squash among the professional playere, parti-
cularly the femeles, indicates that little or no nabit interference is
sxperienced by proficient players who have well established tennis

techniques.

A surprisingly high percentage of professional players participated in
ne form of training other then their tennis practice sessions. Most
players appear to be unaware of the importance of progressive resistance

and flexibility training.

While participating in tennis, players appear to be most susceptibls to
sprains of the shoulder and ankle joints. The lower incidence of ’tennis
elbow’ among the professionals indicates that the occurrence of this

injury may well be inversely relsted to the leval of tennis profiscisncy.

while the optimum playlng age of mals vennis players has remaihed
unchanged over the past 4 decades, femsle players appesr to reach their
ontimim age 3 years sooner than the femals champlons of 40 years ago
The age at which teantis playing was first commenced was not related to
the level of temnis proficiency sttainsd in edulthood. This contradists
the common belisf that a young starting age is o prerequisite for tap

cless tennis psrformance.

5.5.2 Morpholugical observations

Height appears to be an advantage in tennis since the male
professionale were on the everage 'very tall’ while the male amatsurs
were classified as 'tall’. The professional players' ability to impart
graster velocity to the ball, doss not appear o be the result of a
longer upger limb or lever arm length,

The large mean wrist diameter of professional tennis players mey be the
rasult of bone hyoertrophy ir response to habitual racket manipulation.
Narrow hips eppear to be an edvantage in temnis playing.

Intensive tennis playing increases uppsr and lower limb girths, parti~
cularly in the forsarm and thigh reglons. Compared with the meles, tme
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females faf a greaster tissue mass in the lower limb than in the upper
limb. Forearm girth correlatad highly and significantly w'th a

surprisingly large number of merphological and physiological variables.

Mean skinfold measurements of professional and amateur tennis players
were fairly similar. Sex differences in regional deposits of subcutsn.nus

adipese tissue appeur to be genetically determined.

A more masculine phyeique or androgyny index does not constitute an
advantage to mels players, but sppears to be an advantage to female tennis
players.

5.5.3 Body composition

The 'idesl’ body mass for tennis was lower than the measured body
mass in all four groups. The tennis players’ average mass was from 2 ta
3 Kilograms heavier than the 'ideal’ mass. Body mass cen be used to
predict accurstely the 'ideal’ mass for tennis in professional and

amateur players.

Intensive tennis playing appsars to increase lean body mass in mele and
female players. Body mass can be used to predict accurately LBM in
tennis players.

There sppesrs to be little difference in the results obtained from the
expression of bone index either in terms of relastive mass or in terms of

relative cros: 1 area. The evi that intensive

tennis playing causes marked bons hypertrophy in the dominant forearm.

Differences in resulis can be expected when muscle index is expresssd in
terms of ralative mass and in terms of relatlve cross-sectional area.
Intensiva tennis playing results in marked muscular hypertrophy in the
dominent upper limb, particularly in the forearm. L% jer limh muscular
typertrophy is relatively grester in femala professionals than in male
tennis players.

The frequency and intensity of tennis playing appears to have little
sffect on absolute fat mass as well as on local fat deposits, Thase
findings are not in sgreement wilh the 'spot reduction’ theory. The
lerger biceps and triceps skinfolds in the dominent upper limb of the

players may be due to a reduced skin compressibility assoclated with

muscular hypertrophy.
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5.5.4 Sometotype

The mean Heath-Carter anthropometric somatntype of the male (2,2 ~
4,6 - 3,0) and female (3,1 - 2,9 - 2,6) professional players differed
significantly from those of tne amoteur players. Top class tennis per~
formances, particularly in females, appear to have definite physigue
requirements, The evidence suggests that intensive tennis playing may
incresss the mesomorphic component but have little effect on the endo-
morphic component.

5.5.5 Physiological observations

Although the males had significantly higher absoluts VO, max
values then the females, they nad lower relstive V0, max values. Compared
with the malss, the females had nigh absolute VD, max values and small
gross and lean body masses. This may explain partly the observed finding.
A high V0, mex eppears to be importent for the femals but less important
for the mals player. This may be due to differences in the physiclogical
demands of men’s and women's temnds. None of the morphological or
physiolegical variables could be used to predict V0, mex with a high
degree of accuracy.

While the net mechanical efficiency of oycling was fairly similar in the
professienal and amateur groups, the efficiency of singles tennis playing
[Ouz PR ), mex] wea far better in professional players (mslsj.

The gross absolute energy vost of singles tennis playing wes very similar
in the professionals and smateurs but the relative energy cast (Vnz 3 002
max) was considerably lower in the professional players. There appears

to be an invarse relatienship bstwsen relative energy cost and proficiency

in tennis.

The absolute and relative sweat-rate of professional end amateur tsmnis
players were fairly similac. The professionals’ large BSA suggests a
high cooling rate and efficient thermoregulation during exposure to
hoat.

A large absolute lung power (FEV,), relative lung size (VC/BSA) and IC
probably constitute an advantage in tennis. Competitive tennis training
end playing over @ number of years appear to have beneficial sffects on

respiratory structure and function.
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‘fennis playing seems to increase trunk flexion-extension whils reducing
joint wobility in the dominant upper limb, particularly in the elbow
and wrist joints. The reduced static flexibility is presumably the
rasult of an increased muscle mass and intra-muscular changes associated

with this hypertrophy.

Unilateral femsla players were generelly more proficient than crossed
laterel players. Most of the profsssionals were unilateral and the
indications are that unilaterality is prefersble to crossed laterality

in tennis players.

From the stepwise discriminent analyses it was evident that morphological
variables were more important than physiological and biochemicel verisbles
in distinguishing between the profsssionals and amateurs and between the

males and females.

5.5.B Biochemical observations

Elsvated post-match bloog glucoss levels (compared with pre-match
levels) may have been caused by the ingestion of 'Isotonic Game' and
haeomoconcentration. Hypoglycaemis rarely occurs in tennis players.

It appears that a high U0, max is sssociated with more efficient

utilization of bloed glucosa,

Tennis playing does not produce high lactate concentrations and the
svidance suggests that aercbic matsbolism is mors importapt in tennis
playing then was previously believed.

Eleva

post-match serum sodium levels sppear to be caused by & reduced
relesse of steroid hormones in response to sxercise and haemoconcen-
tration. Reduced post-mstch serum magnesium levels (compared with pre-
matoh levels] were probably caused by a shift of megnesium from the
extracellular into the intracellular compartments. The male professionals’

glevated p teh ;3 ion may have resulted from short-

term haemoconcentration and/or leng-term metabolic adaptations.
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CHAPTER &

CONCLUSICONS AND RECOMMENDATIONS

In this chapter the auther draws conclusions from the findings and tenders
answers to the guestions posed in Chapter 1. Numerous suggestions and

recommendations are mada as well.

8.1 CONCLUSIONS

B.1.1 Morphological and physiclogical norms of tennis players
A. Male professional

The male professional tennis player ls, on the average, very
tall {182,8 cm}, has a large mass (76,5 kg) and body surface area fZ,szJ,
broad shoulders (39,7 cm) and large wrist (5,0 cm) and ankle (7,3 om)
diameters. He has muscular upper and lower limbs and an ecto-mesomurphic
somatotype rating of 2,2 - 4,6 - 3,0. For a professional sportsman, he
has a fairly large amount of body fat [relative = 11,8% and absolute =
8.0 kg, He also has & fairly high VO, max (absolute = 3,8 g/min and
relative = 50 ml/kg/min), absolute net cyecling mechanical efficisncy
{30,1%), gross absclute energy cost of singles playing (38,8 ki/min) and
sweat-rate (absolute = 41,3 &/hr and relative = 0,67 R./mz/hr). Mis static
and dynamic pulmonary volumes are largs (VC = 5,81 and FEV, = 5,1 2/ssc),
his static flexibility is above average, particularly in the hip-jeint,

and he tends to be unilateral (eye-limb concordance).

8. Male amateur

In comparison with male professionals, the mele amateur is,on
the average, shorter [178,5 oml, lignter (89,9 kgl, smaller (1,8 n°) and
has narrower shoulders (38,1 cm) and smaller wrist (5,7 om) and ankle
(6,9 om) diameters. His upper and lower limbs are considerably less
muscular. He has an ecto-mssomorphic mean somatotype rating (2,2 - 4,3
- 3,21 which is similar to the grofsesionals’ mean rating. The
amateur has & slightly higher fat percentogs (12,0%) but a lower absolute
tat mess (8,4 kg). His V0, mox is smaller (absoluts = 3,4 &/min end
relative 48,8 ml/kg/min) and he has a lower absolute net cyeling
mechanical efficiency (27,5%), gross absolute snergy cost of singles
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playing (35,4 ki/min), and sweat-rete labsolute = 1,2 &/hr and relative
= 0,86 &/r/hr) than the arofessiomal. Furthermore, he has considerably
smaller static and dynamic pulmenary volumes (VC = $,3¢ and FEV, = 4,6

f/sec). He is generally not as flexib.
to

as the professional but tends

also unilateral (eye-limb concordancel.

C. Female professional

The female professional tennis player is,on the average,
relatively tail (467,3 cm), with a large bady msss (80,7 kg) and body
- surface area {1,7 mzi. relatively broad shoulders (36,2 cml and narrow

hips (28,5 om}. She has a large wrist diameter (5,2 om), musnular upper

and lower limbs and an phic mean pe rating of 3,1 -
3,9 - 2,6. She has a surprisingly large amount of bady fat (relative =
22,1% and sbsoclute = 13,7 kg). With regard to her physiological
characteristics, she has a very high V0, max (absoiuts = 3,4 #/min and
relative = 56,6 ml/kg/min) and a fairly high absclute net cycling
mechanical efficiency (27,8%) and sweat-rate {absclute = 0,8 ¥/hr and
relative = 0,81 #/ni/hr). She has large static and dyr mic pulmonary
volumes (VC = 4,23 and FEV,] = 3,7 #/sec), sbove average static flexi-
bility, especially in the hip~joint, and is generally unilateral {eye-
1imb concordance},

0. Female amateur

A comparison hetwsen the two female groups revealed that the
female amateur temnis player 1s,0on the average,similar in stature
{167,% cm} to the femals professional, but she is lighter (55,4 kgl and
smaller (1,6 71'2) and has narrower shoulders (35,2 cm) and broader hips
(26,8 cm). She has a smaller wrist dismeter (5,5 cm) and is markadly
less muscular in har upper and lower 1imba. She has less relative
{20,5%) and absolute {11,6 kg} body fat end her meso~ectomorphic
physique (2,6 - 3,2 - 3,6) differs coasiderably from the female profes-
elonal's endo~mesomorphic physigue. Although her \.ID2 mzx {absoluts =
2,9 g/min and relative = 51,4 ml/kg/min} is lower, it is nevertheless
classified as high. The female amateur has a siightly higher absolute
net cyeling mechanical efficiency (Z9,5%) and sweat-rate (absolute =
0,8 &/hr and relative » 0,53 8/m’/hr). Her static and dynamic pulmonery
velumes (VC = 3,52 and FEV, = 3,2 #/sen) are considerably smellor anc
she is not as flexible. In contrast to the female professisnal, she tends

to be crossed lateral {eye-limb discordancel.
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It was correctly hypothesised that the professionals and amsteurs would
differ markedly with regard to and body ion (iean
volums), but it was surprising to find that absolute and :~lative body

£at diffsrances between the professionals and amateurs were small and
statistically non-significant and that the professionals, particularly
the females, had feirly large amounts of body fat. Although it was
correctly predisted thet V0, max and FEV, differsnces bstwsen the pro-
fessionals and smateurs would be significant, the similaritiss in cycling
mechanical efficiency, sweat-rate and static flexibility were rather

unexpected.

8.1.2 Structural and functional effects of tennis playing

A number of morphological and physiologlcal differsnces between the
professionals and emateurs were probably due largely to long-term
participation in competitive tennis playing and training. However, as
stated in the previous chepter, constitutional dissimilarities and pra-
selection may elso have been partly responsible far these abserved

differences.

Comparisons of the measursments of professionals with those of amateurs
and of the tissu= composition of the dominant with that of the non-
dominant upper 1imbs, revealed that intensive tennis playing increases
lean body mass end results in marked bone hypertrophy ir the dominant
forearm and pronounced muscle hypertrophy in ths dominant upper limb.
The evidence suggests that & degres nf pre-selection may have been partly
rasponsible for the cbserved differences between the male professionals
and amateurs in respect of upper limb musculerity, particularly in the
forearm. Although intensive playing does reduce body fat, the findings
indicate that the frequency and intsnsity of tennis playing has little
effect on either the local fat deposits or the absolute fat mess. The

bone and muscle r to nuou s tennis playing were
correctly predicted, but the findings regarding fat responses were
unexpected.

A study of the physiological findings revealed that, while women's temnis
appears to result in an increased YO, mex, men’s tennis has relstively
1ittle sffect on aerobic capacity. The evidence suggests thet strenuous
competitive, tennis playing over s period of years results in improved
tennis playing efficiency (Ooz 3 Ouz max), larger static and dynamic
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pulmonary volumes end reduced juint mobility in the dominent upper limb.
While most of the long-term physiological responses to intensive playing
were correctly predicted, the reduced joint mobility was a completely
unexpected finding.

There can be 1ittle doubt that strenuous, long-term tennis compstition
and training has a marked influence on both the morphelogy and physiclogy

of the body and that most prof ionais are o ised by p.
structural and functional asymmetry. Structural asy metry is not
restricted to the upper 1limb and is evident alsc in the musculature of
the trunk. Pronounced asymmetric hypertrophy of the back muscles pould
result in changes in the alignment of ths spinal coiumn and could be a

major cause of the chronic backach and dizziness experienced

by many profsssional tennis players.

8.1.3 Biochemical to tennis playing

In contrast to the original hypothesis, the findings indicate
that strenucus, competitive tennis playing of long duration (80 minutes
and longer} has little effect on blood glucose, blood lactate and
electrolyte lsvals and that the biochemical responses to tennis playing

in professionsl and emateur players are similar.

6.1.4 Important contributors to tannis proficiency

The findings of the present study indicete that the fallowing
morphological and physiologicsl characteristics are important to the
tennis player:

A, Stature

If all other factors are held constant, the taller tennis
player is less likely to make a mistske when serving and smashing and
can alse safely impart grester force to the ball during the exscution
of these strokes than the shorter player.

f. MWrist and hip diameters

A large, strong wrist snables the player to manipulate the
racket more effectively, while narrow hips (particulsrly in the femalel,
reduce the degrse of latersl hip rotstion end thus increase the mechani-
cal efficiency of runnhing. Running entails e large proportion of the














































































































































