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ABSTRACT

This stady aimed fo assess selected physiological, osmoregulatory and
thermoregulatory responses to tennis piay in children, 'I_‘wenty—four young
" male tennis players (X age: 13.3-+1.31 years) were studied while playing l’nr
90 min under warm environmental conditions (WBGT iadex= 13-19).

. hbltum consnmptmn of pure water was perm:iteti. '

Queshonnmres were used in order fo elicit information. regardmg the hgalth -

- status, degree of acclimatization and pre-match trait and state anxiety of the

snbjects The physiological variables assessed included pre- and post-match
" rectal temperature (T,), heart rate (HR) and oxygen consumption Vo,
during the match. The biechemical observations included pre- and post-
match blsod glucose, haematocrit (Het), haemoglobin {(Hb), plasma electrolyte

(Na"' Cr, K¥, Mg**) and total plasma protein (TPP) concentrations. -

The ﬁnﬂmgs mvauied that the ymmg tennis players investigated in this study
' expenenced ierate levels of pre-competitive trait and state anxiety. The
estimated midun exercise intensity of 50-55% of VQ, max for a duration of 90
* min resulted in a T,, increase of 0.73 *C. Mean percentage dehydration was
0.80:+0.25. Plasma volome (PV) chauges were iusignificant and were
positively related t¢ TPP changes Mean plasma Na* and CI' concentrations
increased hy 0.88 mmol. ¢ and 2.2 mmol. ¢ respectively, The subjects’ mean

H__ response (145 hpm) of a subset of the sample=13) and estimated VO, _
(21.38 mi.kg'.min™) represented a 55% of the age adjusted HRmax reserve
and approximately a 50-55% of VO, max respectively. The time spent within
the target heart rate range (60-85% HR max reserve) comprised only 33% of
the match duration. Mean energy expenditure was est:mated to be 1772 KJ

-~ duoxing the 90 min peried.

It was ealculated that in order to prevent harmful levels of dehydration under
warm environmental conditions and at an exercise intensity of tennis pl
approximately 55% of the age adjusted HR max reserve or 50-55% of 02
max, consnmption of 4.44-6.81 ml.Kg'.hr? or 200-360 wl.hr? of water is
recommended in young tepnis players possessing a body mass of 45-53 Xg.
The precise quantity was concluded to be a function of the mass and exercise
intensity of the subjects and the environmental heat siress index during play.
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*. - CHAPTER ONE
INTRODUCTION

11 INTRODUCTION TO THE PROBLEM

12 STATRMENT OF THE PROBLEM AND SUBPROBLEMS
13 SCOPE OF THE STUDY

1.4 LIMITATIONS OF THE STUDY

‘1.5 HYPOTHESIS |

1.1  Introduction to the problem

The recent growth of tennis among young children and aduits in South Africa bas
resulted in an increasing concern among authorities regarding the physiological well-
being and potential health risks of young chiliren exercising in the heat,

Teﬁni_s is an intermittent activity characterized by short bouts of high exercise
intensity interspersed with periods of rest or activity of moderate to low intensity.
Children regularly involved in competition can, however, be confronted with
strenuous maiches, particularly when playing against an opponent of equal ability.
These may contain leugthy rallies during which the exercise intensity is high and if
taking place in the ﬁeat, may reszit in large degrees of physiological stress.

Concern stems mainly from the laboratory studies done by Bai—O‘r(lQSSJ, Drinkwater
et al.(1977), and Haymes et al.(1975), who found that children exercising in warm
or hot climatic conditions are less efficient thermoregulators than are adults. Théy
are therefore, according 1o the American Academy of Paediatrics (AAP) (1982;
1983), at a special risk of becoming dehydrated and acquiring heat-related illnesses,
such as heat stroke or heat exhaustion,



The AAP (1982; ‘1983), suggest the following reasons why children are less

efﬁcmnt thennoregulators than are adults:

(1) Chﬂdren have a greater BSA/mass ratio than do adults which -induoes a
greater heat transfer between the environment and the body. Tius implies.
that whcn ambient tcmperature (T,,) cxceeds mean skin temperature (To),
thense in core temperature (T} at a given heat index wﬂlbegreater than
that of ac'ults

(2)  Children produce more metabolic heat per mass unit than Id\c;':.'adlﬂts at a

given workload.

&) C‘nildfen have a lower sweating capacity than do aduits, and show a reduced
capacity to convey heat by blood from the body core to the skin,

_ Chil..en are thus reported 1o possess fess heat tolemnce, incl r‘.ng lower sweat rates
and }ngher T, in comparison to adults at 2 given work mtenslty and heat siress
index (Bar-Or, 1983, Drinkwater et ., 1977, and Haymes et al., 1975). As the
studies on which these assumptions are based are limited, further work is required

 to confirm these theories. Furthermore, it is significant to determine whether young

tennis players are at a risk of dehydration and whether there is the need fbr_-ﬂuid

replacement in young tennis players during play in hot environmental conditions.

This study thus investigated the fluid losses and thermal responses of young tennis
players, aged between 11-12 and 14-15, playing tennis in the heat of the day, during

the mid-summer months in South Africa.



The central problem to be investigated in this study is the identification of the fluid
replacement needs of young tennis players (i.e. specific fluidl volumes required in

a given time period), and the provision of recommendations for school tennis -

coaches which will be of prophylactic benefit to young tennis players pamcnpaung |
in the sport.

With regard to the twents*-four tennis piayers investiguted in th;s study the following
Sub-problems were addresse:’

1.2.1 The competifive sl:ness' levels experienced as reflected in both trait and state

- 1.2.2 The metabolic demands oi “he game in terms of HR, VO, and related energy

ex,enditure,
", 1.2.2. The existence of tennis-induced hyperthermia in children, -

12.4 The relationship botwoen post-matth T,, and hydration levei, range of
exercise intensity (HR range) and percent body fat.

1.2.5 The potential hemoconcentration or hemodilution response during
competitive tennis play in young fentiis players.

'1.2.6 The plasma electroly:e (Na*, CI, K*, Mg**), total plasma protein {TPP)
and blood ghicose response to competitive tennis play.

1.2.7 The incidence of voluntary dehycration (a state of fluid deficit despite the -
ad Tibitum provision of fluid) among young competitive tennis players,
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This study was limited to mmr-fo;ﬁ‘ male tennis players, aged bétween 11 to 15
years and implemented during the South African mid-summer (WBGT index= 21) at
an aifitude of approximately 1800m. Mabchés were 90 min 1ohg and data collected
from the subjects were restricted to information obtained from questionnaires, basic
anthropomemcal measures, telemetry recordings of T,, and the samplmg of venous
blood and expn'ed air.

- i, O
1.4 imitati st

1.4.1 Due to practical considerations, it was not possible to pre-determine or set the
enviromnental condmons on the days of testing as these smswns had to be plaun.ed in

‘. o g_ a \\‘

advance

1.42 It is well documented that recruiting chiidren as subjects is a dxfﬁcult ..
procedure, especially when experimental measures include blood sampling. T}ns
i-nvestigation was thus limited to children who co::esented to participate in such a
procedure, and children motivated and interested to .le.am more about physiologicaf

response to tennis,

1.4.3 The use of two types of Sport Tester HR monitors (Kempele, Finland), namsly
the PE 300 [measuring heart rate rénges (HRR)] and PE 3000 (measuring confinuons
HR), limited the continuous monitoring of HR resﬁonsg during tennis play to a
subsample of subjecis (n=13). Thus, exercise intensity was expressed as time spent
in the three HRR, i.e. low exercise intensity (the timé spent by the subject playing
tennis at <60% of HRmax reserve), medium inﬁensity (the time spent at 60-85 % of
HRmax reserve), and high intensity (the time spent at > 83% of HRmax reserve), i_n
the complete sample(n=24}.



5 Hypothesis

| 5
1.4.4 Application of the conclusions reached by this study are limited to the age,

| gend'er,'physiqlogica.l and psychologicalrc.:harac{é;is'tics of the limited sample (n.=24)

as well as to the environmental conditions in which the data collection took place.

A number of hypotheses Were fonnulatéd'prisr to the commencement of the research.
It was postulated that:

[

151 The fluid intake recommendation of 300 mlhr! (AAP, 1982; 1983) is

. inappropriately standardized for chiidren.

152 'Ch;ldren will demonstrate the mcldence of voluntary dehydrahotx (Bar-Or et
al,, 1980; AAP, 1983, 1983) guring the ninety minutes of fennis pla),' in hot

enwror.menml condltmns "\

Ly
-.‘|

1.5.3 'Com,aetxtfve tennis pia,f will immse strain of moderate mtens1ty on thc
' cardmv& 3 ular system of the chxldren

1.5.4 Blood yolume (BV} ...,mpartm&nt changes will show great vanablhty among

thﬁ subjects



CHAPTER TWO
REVIEW OF THE LITERATURE
21 INTRODUGTION
22 TENNIS |
2.3 THERMOREGULATION AND OSMOREGULATION DURINGEXERCISE
24 PHYSIOLOGICAL AND METABOLIC RF.SPONSE TO EXERCISE IN
 CHICDREN
25 HEATOLERANCE AND HYDRATION IN CHILDREN
2.6 SHLECTED INSIGHTS INTO COMPETITIVE STRESSIN THE ATHLETE
21 CONCLU&ION |

This review pm'ndes a general ir-troducﬁgy overview of literature related fo'the
physiologibal r&pbn_se to tennis play and discussiop of selectéd_ principles which
underly homeosmﬁc thérmoi‘egulatiors and osmoregulation. This is fﬁltowed by a brief -
dlscussxon of penmmt issues in pediatric exemlso physwingy with pamcular reference | |
tothe ﬂuld replaﬁem.nt needs of chlldren and their ahihty to exerci.ze in the hest. -
Finatly, a brief section is devated to selected aspects of ca;_npet:ﬁvash‘c:sg in children
and the _intert-.laﬁbnship between mental stress and physiological respbnse. to exercise:

2.2 TENNIS

While much research has been conducted on tennis equipment and on the aehu‘logy |
and anatomical presentation ni:’ tennis elbow, the physiulogxcal stress unpnsed on
tennis players_has received litile atiention. This particular section’ will exarnine
existing evidence of the physical demands of this sport and focus on the energy
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- eapenditure, Cafdiovascuiar, thermo- and osmoregulatory, and Iother physiological
fespdnses to ﬁannis play. It will ulse ideatify the paucity of literature which is
| available wit-_h regard to the physiolbgicél i'esponse to tennis pﬁy in children.

2.2.1 HR response to tennis

o

k)

' HR is well documented as an indirect predictor of exercise intensity (Astrand and

S.altin, 1961; Astrand, 1967; Ekbiom et al., 1972). A number of "smdit__és have thus

- investigated HR respornise to tennis (Ffiedman et al., .198'4; Eltiot Ef al., 1985; |

 Therminarias et al., 1991). A summary of the results of these studies is presented in
Table 2.1. | |

As opposed to Friedman et al.(1984), Morgans et al.(1987), Eichner(1988) and Elliot
et al.{1985), who, using the HR responce during tennis play as the criterion, found
tennis to be of sufficient exercise intensity to elicit a significant cardiovascular training
effect, the findings of Scliger et al.(1973), Docherty(1982), Bergeren et al.(1991) do
not confirm this nﬁtion. It is possible fhat this contradiction is due to the method of
prediction of percent of maximum HR reserve i.¢. that the calculation of a particular
fraction of the maximum HR may result in a significant overestimation of exercise
intensity when the resting HR (the non-zero value of resting HR) is not taken into
) account (Davies and Convertino, 1§75). Further possible reasons include the variance
in the percentage effort of the playefs {Friedman et ai.', 1984; Docherty, 1982), the
duration of the period during which HR was recorded {Seliger et al., 1973) and the
absence of control for age and envirdnniental conditions (Friédman et al., 1984;
Seliger et al., 1973). |

Morgans et al.(1987) and Eichner(1988) in studies monitoring HR during singles and
doubles, concluded that singles competition in tennis meets the maximum HR reserve

- intensity criteria established by. the American College of Sports Medicine (ACSM) for



Table 2.1: BR response o singles tennis play. A summary of studies: 1973-1991.

(mumber of . (yr) (min) @nﬂm '(bpml - _

subjects, (DB) - PMHR)

gender) : . |

Seliger _ Environmental conditions,

etal.{1973) 25 10 - 143 may have influenced the HR

(16,M) - B response (Astrand and Rodahl,

197'?)

Docheriy o Thelr mean HRR across all

(1982) 26 30 21-24 °C 68-70% three groups was 133-137bpm

(42,M) '

Frietwnan ) : ~ Four subjects were 20% over- |

etal.(1984) 4572 &0 35.1°C_ 60-100% weight and 5 were smokers;

(28,M) ' high ambient temperature may
' have influenced the HR response

Elliot _ . The monitoting of HR was

etal.{1985) 20 . 60 23°C 153 completed at selected time

(8,M) ' ' intervals

Bergeron o Mean peréentageHR was61%

etal.(1991) 20 85 17 *C 145 calculated from MHRR

(8,M) : .

Therminarizs The veterans displayed

et al,(1991) : . higher HR during the Ilast -

©9,F) 21 - 90 27 °C 157 " 30min of play (p<0.05)

(10,F) 46 90 21 ¢ 156 '

All datz are expressed as means; M=Male, F

Rate Reserve; bpm=beats.min*

———

F=Female; DB=Dry Balb Temperature;
HR=heart-rate; PMHR = Percentage of Maximum Heart Rate; MHRR =Maximal Heart-
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developing and maintaining cardlorespuatory ﬁmeSS (ACSM, 1978). However,
doubles competition does not meet those criteria (Morgans et al., 1987; Eichner,

1588) and should not, a.ccordmg to the position statement of the ACSM (1978),be -

considered as an exercISe regune:n for developmg cardlorespu'atory fitness,

2.2.3 mmmxmmm

Seliger et al,(1973), boche;ty(1982), and Bergeron et al.(1991) invesﬁgaied tennis
- with respeet to energy ‘expenditure and concluded that tennis is a sport Wthh places
submaxlmal load on the cardiovascular and respltatory systems of playe.rs ,
Furthermore, Docherty(1982) also stated that playing tennis is of little value in
improving or mamtalmng fitness levels of individuals who have maximal oxygen
consumption '(\'fozmax) values greater than 35mlkg’.min’, To the contrary, a
© study reported by Friedman et al.(1984) concluded that those who play regular
 singles’ tennis can achieve outstanding fitness levels similar to those of running and
swirming training. In the latter study, energy expenditure was, however, pred'icted
from HR during play, and the high mean T,; (35,1 *C) may have resulted in an
elevation of the mean HR. Furthermore, obesity and habitual cigarette smoking
may have influenced the HR responge .during tennis play and therefore affected the |

results and conclusions.

In the study of Seliger et al.(1973), players competéd in 10 min games wearing
-Douglas bags. The mean energy expenditure was caleulated to be 43.65 kJ.min™!
during play. These authors estimated that 88 percent of the energy during tennis
play was derived from oxidative metabolism and the femainin,, .12 percent from
oxygen independent metabolism, and that the mean oxygen uptake (VO,) during the
10 min period of play was about 50 percent of VO, max.
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 These findings of Seliger et al.(1973) contrast with those of Fox/1984) who listed the
approximate contributions of the energy sy#aems required to pla.j singles tennis as 70
percent from the ‘phosphagen’ and glycolytic metabolism, 20 percent from the |
glycolytic and oxidative metabolism and 10 pereent from oxidative metabolism alone.
Furthermore, the observation of low accumulation of lactate in the study of
Kindermann and Keul(1977), which was confirmed by the relatively small size of the
‘“oxygen debt” and the mean blood lactate levels of 3(-:1)mM, support the findings
of Fox(1984) and Eltiot et atl.(1.985), who obsérved a marginally higher HR between '
tennis rallies (X= 153bpr) when compared to the playing pariods (X= 150bpm).
These authors contend that the 'signiﬁcahtly higher peak HR recorded during
recove; \compared to HR recorded during play, suggests that the predominant
energy sources be’ing utilized durmg the rally are the ‘phosphagen’ energy systems
with parttal restoration of the A'I'P—CP and myoglobin stores occurring during the
subsequent recovery period (Elliot et al., 1985). These hypotheses do, however,
require confirmation. The use of magnetic resonance spectroscopy, rather than

reliance on indirect predictions, would provide more reliable information. |

2.2.4 Other physiological varisbles eramined in tennis
2.2.4,1 Cardiovascular Adaptations

Dentsch et al.(1988) found that trained tennis players respond with a lower cardiac
“output for a given level of submaximal exercise when compared to untrained -
individuals.

‘This finding confirms previous reports (Foster, 1986; Hammond et al,, 1984; Mahler
- etal., 1984). Kuel et al.(1991), when studying profe.sional tennis players of world
ranking found that heart-volume (HV) was 20-30% higher than in untrained persons.
End-diastolic volume (EDV), left ventricular muscle mass (LVM) and stroke volume |

T

\
it
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(SV) were elevated while the ratios of SV and of LVM to EDV and HV were within -
- normal htmts These researchers ooncluded that the changes may be mdlcahve of
the possible develoyment of an "atlﬂetes heart” in taepms players (Kuel et al 199 ).

Significant increases in systolic and diastolic blood pressure, even in those persons
who are normotensive at rest, have been reported during singles tennis play (Jette et
al., 1991). Ttis possible tﬁ"at this increase in blood pressure during tennis play could

~ be related to the adaptive physmloglcal increase in wail thickness reported by Kuel

et al.(1991).

Sinoway et al.(1986) studied the maximal blood flow in the dominant forearms of
tennis players and reported that the greater peripheral cardiovascular adaptationis a -
possible astiological factor resulting in an increased ability of skeletal vasculature of

~ the dominant forearm to dilate during maximal exermse when compared to controI

| subjects,

Furthermore, Vodak et al.(1980) examined high denmsity lipoprotein (HDL)-
cholesterol and other plasma tipid and hpoprotem concentrations in middle-aged
malé and female tennis players and concluded that frequent tenmis playing is
. associated with increased plasma HDL-cholesterol concentration and. that this
relationghip is independent of other factors known to alter plasma HDL-~cholesterol

concentration.

However, Vodak ef al.(1980) and Powers and Walker(1982) questioned their
conclusions with regard to the physiological profile of tennis players asking whether
regular tennis participation produces above average fitness or whether the
physiological profile of the tennis playing population is indicative of physicadly
superior individuals, '



12

2242 ‘Ihgrmorzgulaxofy Response | i

PRI

Ellibt et al.(1985) and bawson ef al.(1985) mmﬁﬂed the rdhponses of male college-
Jevel players under cool (WBGT index= 21, humidity= 22.7%) and hot (WBGT
 index= 30.9, humidity= 65%) conditions. Dawson et al.(1985) showed @ mean
d1ffera1c:e of 0.5 ‘C in T,, when the game was played at tﬁe same intensity in hot
conditions. 'The mean body mass loss in this study was 2.4% as opposed to the
mean body mass loss of 1.3% in the study of Elliot st al.(1985), » hich took place
under cool conﬁiﬁons (mean HR= 152bpm). The average fluid intake during the
study of Elliot et al.(1985) was 250mL.I", representing 27% of fhe total-Sid lost,
Tt was concluded that a greater degree of thermoregulatory and cardiovascular strain
is experienced by the players during performance in the hot, when compared to cool,

~ conditions.

2.2.43 Fluid Balance

.The gradual rise in mean HR among female veterans during the last 30 min of the

60 minute-games in the study of Therminarias et al.(1991), was attributed toan 11.9
percert reduction of PV and consequent reduction in cardiac filting. However, mean
PV reduction in the study of Mitchell et al.(1992) was 0.90% for the group receiving
liquid supplementation containing carbohydrate (7.5 g.100ml*) and 1.05% for the -
group receiving water alone. Fluid replacement was maintained at a rate of -
800ml.hr? during simulated matches of three hours and under hot eavironmental
conditions (WBGT index= 26.7). Mitchell et al.(1992) concluded that although
carbohydrate ingestion is not of benefit to either performance or fluid balance
purposes during three hours of tennis match-play, consumption of 800ml. hr!
prevented severe dehydration under the extreme environmenfal conditions in which
the study took place. |
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2.2.4.4 Metabolic Responses

Copley(1984) in a study comparing professionzl and amateur tennis players, concluded.
that strenuous competitive singles tennis playing has an ihsignificant cffect (p>>0.05)
on blood glucose, blood lactate and plasma electrolyte levels and that there are no
'diffe.rences in these mponses in the two categones of players. Low pos;-exercise

v blood. lactate levels have also been réported by Therminarias et 2l.(1990) among
female veteran and young tennis players. |

2.2.5 Childrer and tennis

Birrer et al.(1986) studied correlations of performance variables in 500 pteadolescent:
tennis players. These researchers concluded that track parameters (i.e. running,
jumping) were found to be weak predictors of over_al_l tennis perfonnance_. Strongly _ |

' :positivé' correlations were found between tournament play and forehand drive,
backhand volley, smash ability and number of leg movements (r>>0,85).

An investigation by Mero et al.(1989), which cdmpared an untrained group and

- trained group of prepubescent tennis players, reveaﬂs no differences in k wmonal
profile (cortisol, testosterone and growth hormone) ‘between these prepubescent
groups. There was, however, a significantly lower oxygen consumption of the
prepubescent tennis players at anaérbbic threshold (Mei'& et al., 1989). These
researchers atiributed this difference to the nature of tennis play, assuming that tennis
is played at the level of "anaerobic threshold® or slightly below it in children.

2.2.6 Lonclusion

A review of the existing literature examining the physiological respdnse to tennis play
thus reveals that very little is known of the response of children to tennis play. This is
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an area which requires further investigﬁ‘;ion. For the purpose of this thesis, primary
focus will be placed on the therméreguiatdry and osmoregulatory control and
adjustment in children during tennis play. | - | |

2.3.1 Introduction

Small fluctuations in osmotic pressure and temperamre can disrupt biochemical
activities within the cells (Guyton,. 1986; Senay, 1979). Osmoregulation, the process
by which the osmotic pressure of the blood and tissue fluids is kept constant, is
- necessary not only with respect to water content, but also with respect to the
concentrations, relative and absolute, of the various solutes riormally present in the
body fluids. It is also well accepted that irrespective of fluctuations in the
environmental temperature, the body seeks to maintaina T, of approximately 36.7 °C
and that disturbance of thermal bélance can result in cardiorespiratory and central
nervous system disturbances (Hubbard and Armstrong, 1988). |

2.3.2 Thermoregulatory control and adfustments to heat exposure

~ Both during exercise and rest, heat is continually being produced by the body as a by-

product of metabolism and the body attempts to remain in heat Salance by Iuosing
heat to the surroundings (Canong, 1989). It is when the rate of heat production is
equal to the rate of heat loss, that the person is said to be in heat balance (Guyton,

1986). To maintain thermal equilibrium the body nmist quantitatively balance the

themmregulatory mechanisms in relation to metabolic heat productlon and

environmental stressors (Canong, 1989).
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The temperature gradient between the blood and the surrounding tissues and the skin
~ 7nd the surrounding environment is a major factor influencing maintance of heat
.balance- (Mitchell, 1977). '.‘ Withi an elevation of core body temperature, the
thermostatic system employs two pnmary iﬁechanisms to reduce body heat. Firstly, - |
vasoditation of the cutaneous blood vessels results in greater heat flow via the blood
from the core to the skin, which in turn activates sweating. The consequent |

evaporation of sweat reduces body heat storége, Secondly, decreased heat prbducﬁon _
also results from inhibition of chemical thermogenesis, which is in turn, brought about
by decreased sympathetic stimulation or circulating norepinephrine and epinephrine
in the biood (Guyton, 1986). These hormones have the ability to increase the rate of
cellular metabolism by uncoupling oxidative ﬁhoéphoi‘jrlation for the oxidation of
foodstuffs to produce the energy required of the body (Guyton, 1986).

‘More specifically, Brengelfnann(i???) and Gisolfi and Wenge:(1984)ﬂ described that
skin blood flow (SBF) and sweating response operate according to the disturbances
in T, and T, temperature, Figure 2.1 illusirates how sweating and SBF 1eSponses
(R), depend on changes in the weighted sum of . afferent thermal information from T,
and T, temperature (’I‘“) (Glsolﬁ and Wenger, 193%)

LE

| .
set-point
Fig. 2.1. Séfpoint and reshold T, that elicits an e_ﬂ'utorreapan.;e, RR chmcsﬂuéady wﬂhtheload

ervor (LE), or the d{ﬂ'mmcbeﬂum the set-pointand T,.. Reprinted with permission from Gisolfi and
Wenger(1954),



e

16
This approach to thermoregulatory response suggests that a perturbation of the T,,,
away from the set point (T,,) and, at some threshold will initiate an effector response
i.e, SBF, sweating (Brengelmann, 1977; Gisolfi and Wenger, 1984). Blevation of
T,, (T. and T,) produces a foad error of the thermoregulatory system, which is
defined by the quantity T,.T,,, and works as a conventional proportional control
system (Brengelmann, 1977). Thus, each effector response is recruited when-the
load error reaches a value characteristic for that response, and each resyons_e'ﬁas a
characteristic T,, threshold, which may be offset from T, (Brengelmann, 1977;
. Gisolfi and Wenger, 1984). For example, with exercise T, rises until a signal
| develops to call Ifor effect or activity adequate to dissipate the large amount of heat
produc;:d and ._bring about thermal balance by acting on elevated T,. Wher:
enviroxlr.ne_ntgiféhange.s ocsur, only small changes in T, and T, are to be expecteri
since the system presumably has high gain and will correct for the change with only
a small change in T, (Gisolfi and Wenger, 1984).

Different effectors have different thresholds but if all effector. thresholds T,, for

initiating all heat-dissipating responses are shifted in the same direction by an
intervention (as occurs in heat acclimatization and endurance training, hyperosmolar

state, fever and time of the day), the set-point of the controller is considered to have

shifted in that direction (Gisolfi and Wenger, 1984). If the slope of the R—Tw,

relation is changed, the thermosensitivity (slope or gain) of the response is said to

have altered (Gisolfi and Wenger, 1984). This is in accordance with the principles

of homeostasis and the potential adaptatior of the thermoregulatory _system ‘when

stresses of exercise and acclimatization are Iimposed_on the huinan body.

It has been estimated that T, exXerts nine times the influence of T,,, over sweating or
SBF (Nadel et al., 1971), but that the relative importance of T, ié greater in smatler
species (Roberts et al., 1974; Gisolfi and Wenger, 1984), Sweating response is
described to be relatively independent of cardiovascular control (Solack et al., 1985)
and dependent on thermal inputs (Tm, T,), and other nonthermal inputs
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(mterveatlons) ie. exercise, heat acchmauzatton dehydrauw and plasma
osmolality (Fortney et,al 1984; Nadel et al., 1974}, More spemﬁcally, Fortney
et al.(1984) descnbe that plasma< pemmcny influences SR thremhold rather than '
SR sensitivity and that hypnvolenua reduces SR sensitivity, but not the SR threshold
(Fortmey et af., 1981) Controlofsweaung has also been reported o be refated to-
the quantity of ¢jr .ﬁng catecholamines (Robertshaw, 1977) and anudmreuc
hoxmonc (ADH) (Sénay, 1979).
SBF cuﬁtrol is influenced by both thermoregulatory aﬁd cardmvascular systems i.¢,
thermal information from: (T, T,) other nonthermal inputs’ or imerventions L.e.
exercise intensity, upright posture, hypovolemia, hyperosmolality, positive pressure
breathing, training and heat acclimatizatior: (Roberts et al., 1977; Wenger et al.,
1975; Nadel et al., 1979; Johnson, 1979; Formey et l., 1981; Formey et al.,

- 1984)

1t can thus be concluded fhat 2 change in set point produces a correspending change
in the threshold for each thermoregy vry response. The profuse c:d faster onset
of sweating msponse nbserved ina .sﬁbject after training and heat acclimatization
(Wadel et al., 1974), could be explained by an increased responsiveness of the
sweating mechanism, a lowered intsrnal temperature threshold for sweating and
improvement in the sweaf:ng to SBF ratio that accompanies physical training., The
greater the degree of training and acclimatization, the greater the sweat response
(onset and I.volume) at a given T, threshold of the subject (Nadel et al., 1974; Baum
et al., 1976). | R -

2.3.3

When T, exceeds 'i'.g, the temperature gradient favours heat gain and evapdration
of water from the respiratory passages and skin surface of the body contributes
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substantiaily to dissipation of the internal heat. The thermal energy required far the |
evaporation of 1 liter (£) of sweat is 2.427 Kilojoules (KT) of heat (Wenger, 1972).
Evaporative heat loss is directly refated to the amount of liquid vaporized
irrespactive of the ambient \E'apour pressure and .soluté content (Wenger, 1972), If
sweat secretions evaporate, skin temperature drops which further mcreases the
temperature gradient ‘between the deep tissues of the body and the skin surface '_
.(Ganong, 1989). However, if T, and relatwo humidity are high and wmd velocity
is' low, the body reaches its limit of heat tolerance most rapidly due to inhibition of
the evaporative process, Under such conditions radiation, ‘onduction and
‘convection will result in body liy‘aat gain from the. environment, This implies that
the skin surface becomes as watm as the T, temperature and internal heat can no
longer be exchanged via the abt;ve mentioned mechanisms and body tempe-gture

Tises.

During athleuc events T, in excess of 40 *C have frequently bm reported
(Wyndkam, 1977; Dill et al., 1977). This state of hyperthermia can result in mild
cardipvascular and central nervous system dlsturbances (hypotension, fainting) or
profound celflular damage, involving the brain, kidneys, liver and blood clotting
mechanisms (Hubbard and Armstrong, 1988). The pathological condition of "heat

sttoke”, which has been defined by Kew(1976) as a condition of acute

thermoregulatdry failure which manifests with disturbances of the central nervous
system and hyperpyrexia (a T, in excess of 40,5 "C) has been described as a
serious potential risk to life from viclent exercise ('KewT 1976). The ACSM (1985)
has therefore published a position stand on the "Wmtidn of thermal injurie#
| during distance running" and recommended the use of color-coded flags to indicate
the risk of thermal stress. ‘The College stipulates that a WBGT index of 23-28
warrants the use of a “red flag" to alert both race crganizers and participants to
"high risk® environmental conditions. It recommends that distznoe races be
rescheduled or delayed when WBGT index exceeds 28 (ACSM, 1985).
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2.3.4 Disturbance of water balance: dehydration

Water comprises the ]aig;est component of the human. body. In a. man of average .
 mass (80 Kg), it represents approximately 66% of his total body mass, depending on
his percentage rsf body fat (Greenleaf, 1992). The intraceliutar fluid co.apartment
would oontam dout 30 7 (37 %) of water, whereas the extraceﬂular flaid
compartment would contain about 23 £ (29%) of water (Greenleaf, 1992).

| During éxercise, loss of water due to sweating can imch dramatically high levels.
A SR of 3.71 £,hr" has been repcrted in the world class distance runers, Alberto
Salazar (after heat acclimatization) (Armstrong et al., 1936) To_ d_etemn_ne a
'subject’s mass loss, the pre- and post—axerclse body mass difference must be
caloulated. Adding liguid intake and subtracting the volume of urine voided will
provide an indication of the total amount .of fluid lo;t (Noaices et al., 1988). * This
Hotal fiuid loss can take the form of sweat lossés,. urinary water losses and the
respuabory tract water losses and includes the loss of metabolic water (Noakes et al.,
1988). When the sweat mechanism is activated to aid in the dissipation of heat, it,
however, also occurs at the expense of intra and extracellular ﬂt__xid volumes (Sawka,
19’9ﬁ). _Unléss a portion of this water loss is replaced, dahydrétion will tesult, _

Loss of sweat resulting in a decrease of body mass of only 1% is known to initiate
impaired exercise thermoregulation (Greenlea.f and Harrison, 1986) and performance '
during hlgh-mtenstty of exercise (Nnakzes 1992). However, for a given water
deficit, the magitude of exercise performance decrement may be related to thel
1nd1v1dual acrobic fitness and heat acchmauzauon (Buslmk et al., 1984, Caldwe]l
1984)

Performance deficiencies that accompany dehydration include a) reduced muscular
strength (Bosco et al., 1969), b) reduced endurance time (Claremont et al., 1976),
¢) reduced mental activity (Leibowitz et al., 1972), d) increased HR and reduced
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stroke volume at submaximal exercise intensities (Saltin, 1964) and ) decreased
renal blood flow and glomerular filtration rate (Radigan and Robinson, 1950; Seith
* and Robinson, 1952). Blood ﬁow to visceral regions is reduced pmporuonal to the
| %VOzmax (Roweli 1974) and the absolute intensity of exercise (Rowell 1983).
'Thereducnonlsgreaterwhen exermselsperformedmtheheatﬂlanmacool
" environment (Radngan, 1950; Rowell et al 1965).

The lack of clanty surroundmg the factors determmmg the magnitude of changes in
PV during progressive dehydration oould be due to the effect of factors including
1) the state of hydration of subjects at _the start of the study (Senay, 19'}"‘), 2)
d1fferent inter-study environmental conditions and modes of exercise, and 3)

* differences in subject status variables such as physical fitness and heat acclimatization

. .(Harisson, 1985). Itis important when referring to PV changes to examine exercise

body position, duration of time in the position, specific time of blood sampling,
environmental temperature during the tlood sampling, subject physical fitness, heat
acclimatization and dehydration level (Hagan and Diaz, 1978; Harisson, 1985).

‘The sweating response during exercise can be interpreted as extremely variable |
instead of tighily controlled (Nadel and Horvath, 1977). Variability in
responsiveness is even more of a factor in studies of the cutaneous circulation, which
is dependant on two control mechanisms, namely, the 1‘hermoregulat6ry and
circulatory (Nadel and Horvath, 1977). These are all important factors contributing
to the variability of individual responses to thermal stress during exercise and may
profoundly influence BV responses quantitatively and qualifaﬁvely. Fluid shifts
occur between the extracellular and intracellular space in an aftempt to maintain
equal osmolality between these compartments (Ganong, 1989). Since transvascular
fluid shifts depends on capiilary filtration pressuze, oncotic (protein-coilo_idﬁ) and
osmotic pressute (crystalloids-electrolyte) (Aukland et al., 1981; Sawka et al., 1984;
Harisson, 1985'; Nielsen, 1986), the potential of hemodilution or hemoconcentration
exmts The degree of possible hemodilution and hemuconaentmtion resdlting from
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hemoconcentration resulting from exercise and heat stress would be detﬂrininedby the .
establishment of a new equi']’ibrium between the above factqrs (Aukiand et al., 1981).

Nielsen(1986) reports that prolonged exercise leads to "thenn_al" dehydration which
interferes with circulatory as well as thermoregulatory functions, due to the réduction
of the BV and the increased osmolality of the body fluids. It has been reported that
cenapse of thé subject is nkeljr at about 7% body mass loss, if combined with
exercise and heat stress (Greenleaf and Harrison, 1986). Moré 'receﬁt smdies (Noakes
et al., 1988; 1991b) have shown that final T,, in marathon-runtiers exercised in mild
environments {19-22 '.C) _is. more closely related to environmental conditions, |
metabolic rates sustained during the latter section of the race (Maughan, 1985; Noakes
et al.,, 1991b) and individual susceptibilit); (Jardon, 1982), than to percentage
dehydration. | "

The i'eplacement of fluids lost during prolonged exercise mainly via the sweating

mechanism, is of vital importance as it serves fo mainiain PV and electrolyte balance
(Costill et al., 1970). In determining the fluid replacement needs of an athlete, all
possible factors contributing to loss as well to gain of mass dllring the athletic event,
need to be considered. Olsson and Saitin(i970), mentioned that whenever total body
water content is determined, the water produced during mitochondrial oxi.dation (CHO
and Fat) and the water released from the glycogen stores of the body shouid be taken
into consideration as this water does not contribute to the hydration status of the body.
This is supported by Noakes et al.(1988, 1991b), However, in earlier work
 determining the fluid replacement needs during marathon running -(Wyndlwn; 1977;
Wyndham-and Strydom 1969) and prolonged: tennis play (Mitchell et al., 1992) this

factor was not considered resulting in the overestimation of the fluid replacement '-
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needs of the athletes. Based mainly on the study of Wyndham and Su'jdom(19693,
the ACSM (1985) has suggested fluid replacément volumes of between 0.83 and 1.65
£ for slow and fast ranners respectively. These recommendations have, however,
led to isolated reports of water intoxication (Noakes et al., 1985) and therefore require
further consideration. o

The problem of water deficit (dehydration) and optimal fluid replacement volurmes
during prolonged athletic events has been reviewed recently by Pandolph et al. (_198 8);
Greenleaf(1992); Sawka(1992); and Gisolfi and Duchman(1992). However, in the

above”_reviews, it was described that optimal fluid replacement volumes shouid

equalize the sweat loss in & water balanced body. As has previously occurred

(ACSM, 1985), the uhrglated water released from glycogen breakdown to the body

water deficit was not taken into account in the determination of the water deficit and

thus optimal fivid replacement volumes,

The problem of fluid replacement becomes more complex when an athlete, a coach

or an exercise physiologist has to consider the many physiological factors which

influence the passage of ingested fluids through the stomach (digestion) and the small

‘ntestine (absorption). Murray(1987), reviewed the factors influencing gastric

emptying and consequent fluid delivery to the intestine. Such factors are caloric

content, beverage osmolality, volume of the beverage, exercise and environmenﬁl
conditions, fluid temperature, sodinm (Na*) content, PH; fat content, anxiety,
emotional distress, the time and contents of the previous meal, the hormonal response
- produced by the meal, diurnal variations and even the phase of the menstrual cycle
(Murray, 1987). Hypohydration during exercise has been reported to decrease gastric
. emptying rates (Rehrer etal., 1990). In more recent studies, Rehre: 2t al.(1989) and
Noakes et al.(1991aj have emphasized.the effect of the volume of fluid in the stomach
in regulating gastric emptying and confirmed large individual differences in rates of

gastric emptying when ingesting the same concentration of a given CHO solution

(Foster, 1990). More specifically, Noakes et al.(1991a), concluded that the delivery
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| concluded that the delivery of any ingested solution to t"lllle intestine, is determined
primarily by the degree of gasiric distension. They regarded carbohydrate

concentration of the ingested fluid as a secondary factor in determining gastnc

emptying rates (Noakes et al., 1991a). |

As'it has been shbwn that approximété.ly 3-4g of water are stored with each gram of
glycogen (Olsson and Saltin, 1970), the greater the pre-exercise muscle and liver
glycogen Jevels and glyco'gén bréakdawn _capacity of a person, the greater the water
release from the breakdown of glycogen. The importance of taking the water released
from glycogen brea_k&own into account, is illustrated by the findings of the study of
 Kozlowskin and Saltin{1964). These researchers found that reduction’in PV and
extracellular space was more significant aftér dehydration caused by prd!or_agad
exposure to 2 high room temperature (thermal-induced hypohydration), than after a
corresponding degree of deh;dration during _physicil work . (exercise-induced
hypohydration). |

In the study of Pugh et al.(1967); Wyndham and Strydofn(1969) and Maron et
al.(1975) the notion that individuals who sweat profusely during exercise, invafi_ably
fail to voluntarily replﬁcé their losses (Adoiph, 1947), is confirmed. However, among
other factors these findings may be explained by the fact that water released from

glycogen stores during prolonged exercise enfiances cardiovascular volume, decreases

osmolality and plasma vasopressin and renin-angiotensin concentrations (Nose et al.,

1988), and thus reduces the desire to drink water.

Two factors can dramatically modify physiological responses to heat stress and
exercise, Tnese constitute heat acclimatization and physical training (Gisolfi and
Bruce, 1989). | | |
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Heat acclimatization has been defined as the adaptive physiological process followed
by an eiposurie to environmental and metabolic stress, which enhances the ability
fo function in the heat without distressing symptoms (Gisolfi, 1973). The
documented physiological benefits to be obtained after the completion of the
 acclimatization procedure (7 to 10 days of daily exercise in the heat) can be
summarized as follows: lower T, and Ty and greater gradient from body core to
surface at any given work load (Haymes and Wells, 1986), a greater capacity and
sensitivity bf the sweating mechanism (Gisolfi and Robinson, 1969; Roberts etal.,
 1977), diminished concentration of Na* in the sweat, kidney (Bar-Or, 1983; Allan
and Wilson, 1971; Smiles and Ronbinson, 1971) and urine (Guyton, 1986), as the
result of increased secretion of aldosterone, greater circulatory stability (increase in
stroke voiume and reduction in HE) resulted mainly by expansion of PV (Wyndham
¢t al., 1968; Senay et al., 1976), an increased in total circulating protein mass
(Senay et al., 1976) and improvement of subjective well-being (Bar-Or, 1980).

Physical training is known o be associated with an overall tmpanﬁion of BV
(Holmgren et al., 1960). Oscai et al.(1968) suggest that hemodilution may ocour
 after prolonged strenuous exercise. In addition, to support the importance of
_training with  respect .t0' thermoregulatory responses, Gisoifi(1973) using
T/performance time ratio as a.u index of heat toleiauoe, concluded that eight weeks
of interval fraining in a cool environment (21 *C) produced only 50 % of the total
adjustments achieved through heat acclimatization, Thus factors associated with
exercise training may be important in the total heat acclimation .rééponse, but as
Wyndham(1973) has noted, these do not account for the entire response.

 Although both heat acclimatization and physical training result in an expansion of
PV (Convertivo et al., 1983), Senay et al.(1976) regard this hypervolemia as the
~ “single most important mechanism responsible for acclimatization to heat’.
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The plasma protein concentrations in the vascular space depend on protein synthesis
and cataboﬁsm, their distribution between the vascular and extravascular spaces, and
PV (Guyton, 1986). 'Thus hypervolemia in acclimatization and physical training
“could be explained by an osmotic expansion which manifests with the increased
retention of sodium chloride (Robinson, 1963) as a result of the action of aldosterone
(Davies et al., 1981). Another explanation is the increase of mtravascular protein
content brought about by less protein being lost through tii_e cutaneous capillary,
 becavse training and acclimatization induced reduction in SBF (Roberts et al., 1977).
Increases in protein synthesis and (or) decreases in protein degradahnn are further
.posmbllltles (Convertino et al., 1980).

The T./VO;max relationship, has been suggested to predict development of heat

stroke (Wyndham et al., 1953) and heat tolerance in hot environmental conditions

(Avellini et al., 1982; Armstrong et al., 1987). Wyndham et al.(1953) found that

even after a heat acclimatization programme, individuals who had higher probability

to respond with heat stroke were the ones with tlie lower absolute VO,max values.
and more specifically those with values less than 2 £.min. Furthermore, Wyndham

et al.(1953) and Lind(1963) showed that the relationship between T, and metabolic

rate holds true only up to certain critical T, whmh varies according to dlfferant.
mr,tabohc rates i.e. the higher the metabolie rate, the lqwer- the critical T ;..

From this review of the literature, it would thus appear that distribution of Body
water and the ab:hty to maintain BV may bé the criticai factors infiuencing one’s
‘ability to perform exercise in the heat, Homeostatically, it is logical that during
prolonged exercise intensities (65-90%of VO,max) and under moderate
environmental conditions, individuals are capable of regulating adequately their fluid
replacement needs via the thirst mechanism and preventing significant dehydration

levels.



2.4.1 Introduction

Although S gé.neral physiologicai response o exercise is evidenced at all ages, there
ére_ arowth or devélopment related differénces to exertion at different ages (Eriksson,
1972) and physiclogic capacities have long been recogﬁizéd to be dependent on body
and system dimensions (Bar-Or, 1983)., Although the factors to. which the
physiological responses of children to exerc:ke can be attribufed are strongly
interrelated, this study has aftempted to separate them. o '

2.42 QOxygen jndependent metabolism

- Much of the training and performance of children involves activities of high intensity
and short duration. Tﬁe ability of children to sustain supra-maximal exercise for 30
seconds is markedly lower than that of young adults (Davies et al., 1972; Bar-Or,
1983). Even wﬁen adjusted for body mass, the power produced by an 8-year-old boy
is estimated to be 6niy 70% of that generated by 1i-year-old boy (Davies et al.,
1972). - |

Eriksson et al.{1973) found that the rate-limiting enzyme of glycolysis,
phospofructokinase (PFK), is present in lower concentrations in children than in adults
and attﬁbuted their lower glycolytic capacity to this ﬁhding. .Furthermore, Bar-~
- Or(1983) hypothesized that children evidenced _ldss predispasition to resort to
“anaerobic” metabolic pathways than aduits due to their shorter "O, transients” i.e.
the time needed to reach 50% of steady state VO, (Macek and Vavra, 1980;
Cumming, 1978; Bell et al., 1980).
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Curming, [978) attributes the shorter "O; transients” of children to their smaller body
sizes and the resulting shorter cirf:ulation time, Children also have higher muscle
blood flow per unit of muscle mass whén compared to adults at identical relative
' woﬁc loads (Koch, 1980). This is thought to facilitate the availability of O, to the
working muscles. A shortcoming in the literature is the fact that myoglobin
. concentration, which, has an important function as an oxygen store during shm:t spells
of heavy muscular work (Astrand et al., 19'60)‘,; has not yet been measured in
 children. | | |

Lower rates of muscle (Eriksson, 1972) and blood lactate formation (Godfrey, 1974)
after maximal work and during singl_é Bouts of submaximal exercise at the same
relative intensity have been reported in children when compared fo zdults (Astrand,
1952; Eriksson et al., 1971; Macek and Vavra, 1971). It has been suggested that this
can be accounted for by the smaller O, deficit at the onset of exercise (Eriksson,

1971; Macek and Vavra, 1980) and the lower concentrations of the enzyme, PFK,
in the muscle of 11-13 year old boys (Eriksson et al., 1973).

One of the characteristic changes during child development is a deccease in the
proportion of water in the fat-free body tissue and an increase in the solid matter
(Diem and Leniner, 1975; Rudolph, 1991). The proportionate reduction in
extracellular fluid space exceeds the increase in intracellular fluid space during growth
(Diem and Lentner, 1973; Rudelph, 1991). Eriksson(1972) thus hypothesized that
the lower concentration of muscle and blood lactate reported in children during
maximal and submaximal exercise (Eriksson, 1972; Godfrey, 1974); is due to a
greater level of dilution. In addition, these authors ohsérved iﬁg_ller muscle, but
lower blood lactate concentrations during heavy exercise following physical training
in children. Eriksson et al.(1973) question whether a greater extraction of lactate by
other tissues or different rates of production and utilization of !éétate by the different
fiber types in the working muscles may be responsible for this.
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Since children are habituaﬂy active, the low blood and muscle Iactaté can, however,
also be hypothesized to be a physiological adaptation to the inermitent nature of their
daily activities. Further research is thus requited to clarify the mechanisms.

e

2.4.3 Cardigvascular adaptation to exercise

Since VOimax is the product of maximal cardiac cutput and maximal arterial mix:
venous oxygen difference (Astrand and Rodahl, 1977), these variables may limit \.702

max. ' g
In untrained children, maximal HR is higher than that of untrained aduits, bug
hemodynamic responses change ‘with age and size and if HR is exprassed as a function
of BSA, relative HR ig the same at peak exercise from 4-21 years of age (RiOpeI. et
al., 1979). Absolute stroke volume has been found to be lower in untrained children
than in adults (Drinkwater et al., 1977; Bar-Or, 1983). However, Erikssan{1972)
states that stroke volume must be coﬁéidered relative to body dimension, and if stroke |
volume is expressed on the basis of height cubed, this index is higher in trained
children than in untrained aduits (Eriksson, 1972). Maximal arteriovenous O,
difference (a-v)O, is similar in adults and children (Eriksson, 1972). These findings
have thus led to the contention (Rowland, 1985) that the_‘?Ogmax values of children

are not different to those of adults when expressed in relative units.

Eriksson(1972) and Eriksson et al.(1973) found that the entire increase in VO, max
“after training in 11-13 year old boys was due o ine increase in maximal oxygen
transport which they attributed to an increase in stroke volume due to increased h
contractility or filling of the left ventricle rather than to differences in heart size,
These authors reported the failure of maximal (a-v)O, difference to contribute to the
increase in VO, max (Eriksson, 1972; and Eriksson ef al., 1973). This was confirmed
by Gunningham et al.(1984). However, in this study, the increase in VO, was
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attributed pﬁmarily te changes in_stroké.'volume' and Secondarily to increases in the
(a-v)0, dmi‘ference The insignificant increase in the (a-v)0, difference dﬁring exercise
found in the study of Eriksson ot al.(1973) was explained by the higher degree of
physical fitness in the subjects of the study i.e. the fact that children.ara hébitually :
more active than adults. Briksson(1972) postulated that if physical training is begun
- as eatly as in prepuberty, a larger stroke volume (heart volume) may be attained in
adulthood, than if training were initiated later in life.

Klissouras et al.(1973) studied interpair differences between twin pairs and
monozygotic twins, aged 9-52 years and found that regardless of age, existing
' individual differences in the "functional adaptability” q"_f: men can be attributed to
heredity. These researchers confirmed the prev;oﬁs. ﬁndiﬁgs -(}\Klissouras. 1971; 1972)
‘that {’Ozmax (mI.Kg“.miﬂ") demonstrates interpair éariabﬂity whic* ‘is mainly

‘explained by heredity.

There is an indication that PV expands during exercise of !'ow.intensity in children in

contrast to the PV reduction observed in adults (Macek et al., 1976; Drinkwater etal.,
1977). A possibie factor to which the PV -éxpansion observed (& 5%) during the

initial phase of exercise intensity at 40% of VO,max in children (in the absence of
fluid replacement) was attributed, was the low muscle lactate concentration in children

(Macek et al.., 1976). Suppori for this hypothesis is found in the studies of Jacobsson

and Kjellmer(1964) and Bergstrom et al.(1971) who demonstrated an increase in

extracellular and intraceffular water content of muscles ader heavy exercise due to the

increased muscle lactate concentration. The he';:-"_'ndilution obseﬁed at moderate work

loads, is hypoﬂlesizéd to be of benefit to the exercising child. Dildtion of the by-

products of metabolism, enhanced convective dissipation of metabolic heat, and less

subjective and somatic circulatory strain, will aid the exercising child. However,

further studies are needed to confirm this response. In particular, studies involving
higher exercise intensities, are required,

v
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Research dealing with cardiovascular and pulmonary facfors,‘ -bloo;i serum enzyme
 activities and other proteins leveis has indicated that childrer: cart tolerate prolonged
work as weil as adults (Liesen et al., 1974; Macek et al., 1976; Haralambie et al.,
1977). Interestingly, the adaptation of prepubertal boys to prolonged submaximal
exercise at intensities which do not exceed 60% of VO, max, is greater than that of
i;oth highly trained adults and untrained subjects Macek et al., 1976). __-Corresponding
to the above findings were the metabolic adaptations observed in children after six
weeks ¢f training ona bicycle ergometer which manifested with an increase of ‘30%
 in yccinate dehehydrogenase (SDH) and an increase of 83% in PFK activities . |
(Eriksson et al., 1973). Fiber distribution remained unchanged, but. the oxitstivs
capacity of both fiber types appeared to mcrease (Friksson et al., 1973).

Koch(1974) calculated that local blood flow in the working muacle is 30% higher in
children when compared to adults. Koch and Fransson(1980), however, showed a
continaous tendency toward lower values in muscle blbod flow with increasing__ aze.
I this longitudinal study, the higher muscle blood flow per unit of tissue, together
with the lower cardiac output and slightly higher (a-+)O; difference in children aged
1Z ®id 13 years has been attributed o children possessing a different blood flow
distribution pattern to that of adults (Koch and Fransson, 1980). A similar theory has
been suggested by Eriksson(1972). Afier the age of 15 years, when muscle mass had
markedly increased in all the é-ubjects, relative musclé blood flow tended to be eveﬁ
iower in children when compared to young men with average physical activity and
fitness levels (Clausen and Lassen, 1971), .

Factors t which the observed higher muscle blood flow in children as compared to
adults (Allen, 1971; Koch, 1974; Koéh, 1980) exercising at identical work loads have
been attributed, include the higher habitual activity of children, the existence of less
sympathetic stimulation and concomitantly Iower peripheral resistance, the relativel::f_ : '
larger diameter of large vessels in relation to the heart size (Brock, 1954) and the
shorter circulation time due to the smatler bodies of children (Cumihg, 1978). It
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is we.l'l described that regt_zlér a.ctivi.ty. reSu‘ts in physiological adjustments which
include an increased density and number of mitochondcia (Howald, 1976), increased
oxidative enzyme capacity (Koch, 1978) and decreased blood flow required by the
skeletal muscle during exercise after training (Steinberg, 1971).

: Cﬁiidren’s higher muscie blood flow could be regarded as a metabolic advantage
during exeréiSs_.__ The rﬁtor:ition tjf the internal 'equilibriurn [carbon dicxide (CO;),.
© water, heat, oxygen] necessitates an adequate bleod supply. A.n'impaired l_)lood_ flow
limits the O, supply and the remova’ of ‘heat and metah;ilitgs {Astrand and Rddahl, |
1977). Furthermore, the ability of the mmscle fibers to lhaintaih a high degree of
tension and an individual’s subjective fee!ﬂng of fatigue are highly dependent on"the
blood flow through the working muscle béo"._s (Astrand and Radah!, 1977).

Although children possess lower blood Hb concentration (Etikﬁson et al,, 1971),
Eriksson(1972) found children’s cardiac output to be 1-2 £ less than that of jfoung
men, during subnvvﬁmal work and during the séme VO, level (Ekblom et al., 1968).
‘This ﬁiay imply that a more important role is played by the (a—w})Og difference in
children and its dependant mechanisms, The bettor utitization of the oxygen

iransported by the blood and consumption of any tissue is reached principally by a)
 the blood flow being betrer redistributed in skeletal muscle blood flow (Guyton, 1986;
Astrand and Rodahl, 1977), b) its conéentration affecting the quantity of O,
transported in each 100ml of blood (Guyton, 1986), and ¢) the shift of the oxygen o
dissbciation .cﬁrve to enable the reduction of more oxyhemoglobin at a given pressure
of oxygen i.e. a smaller percentage of saturation (Astrand and Rodakl, 1977). The |
 shift in the dissociation curve in turn, is the result of the heat production by the
working cell and the formation of CO, and lactate during exercise (Astrand and
Rodah, 1977).

Eriksson(1971) attributed the lower cardiac ontput values reported in children to a

more sfficient distribution of cardiac output to the working muscles in children, due
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tdf a different pattern of blood fiow distribution in which the proportion of blood flow
_ dlrected to non-working mrgans is smaller in children, rasulhng in a fower cardiac
output as compared to adulis (Eriksson etal., 1973), This can also explam the greater
{a-v)O, difference in chlldi'en when compared to adults durmg submammal exercise,
iri spite of lower Hb contemt (Enksson, 1972) Durmg maxnnal exercise however, -
Enksson(l972) found (a-v)O,_dlfference to be comparable to adult values and this was -
explained by the lower Hb concentration and accordingly lower maximal oxygeh :
bf.nding capacity. This was again confirmed by Eriksson and Koch(1973).

Whether the lower cardiac output and higher blood ﬂuw to the working muscles,
cu_mpﬂ stes for the lower Hb concentration and greater (a-v)O, difference or for
sdi'ne: otaer underlying mechenisms in children, is yet to be examined, What is,
however, known is that, as iz commonly reported in trained aduits (Eichner, 1992),
children’s Hb concentration does mt increase with conditicning, bﬁt total Hb rises
(Bari.'_)r, 1983). The potential to assist the development of the cardiovasculaf gystem

through training thus appears to exist in children,

Rowland(l985} supports the contention that training programs directed towards
improving endurance capacity in children should apply the criteria of exercise intensity
and duration which have been set for adults. The same suggestion was made by Ross
and Gilbert(1985), and Mc Keag(1991) who supported that the position statement of
 the ACSM (1978) with respect to the development of fitness in adults, should apply
to children. The following criteria are set in these position statements (ACSM, 1978):

1. Frequency of training: 3-5 days per week
2. Inlaensnty of trammg' §0%-90% of max HR reserve or 50 %-85% of Vog_max
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3. Duraﬁon of ﬁ‘_,aining 15-60min of continuous. aerobic activity. Lower intensity
for longer duration and high intensity for shorter duration.
4. Mode: activity which involves large muscle groups

The Committee of Sports Medicine(1988) classified tennis as a strenuous sport for
 children. | |

Research conducted by Drinkwater et al.(1977), has shown that the HR of trained -

child athletes are lower at rest and during all levels of exercise, and that trained

_children show a, faster post-exertional recovery wheil comparegd to unconditioned
children.

When HR is used to estimate exercise intensity, it should be kept in mind that the
 relation between HR and absolute VO, depexidé, inter alia, on the muscle mass
involved in the exercise. Thus, at a giveri submaximal VOQ,, the HR during arm
exercise may be 10-50 bpm higher than duﬁng feg exercise. This difference -
increases as the VO, increases (Asmussen and Hemingsen, 1958; Clausen et al.,
1973). Furthermore, if HR is expressed in relative terms (per BSA), it reaches the
same_ values for peak exercise m children ranging between the ages of 4-21 ydars
(Riopel et al., 1979). |

Exercise mode will also influence the relationship between HR and VO, For
example, during an identical time period in which the same amount of work is
performed, the mean HR during infermittent exercise will be higher than during
continuous exercise (Astrand et al., 1960). Environmentsl temperature has indirect
effect on HR due to the increase body temperature and consequent excitability" of
the heart muscle (Guyton, 1986). Emotional stress can also effect the HR response
to exercise (Saris, 1986) resulting in a greater rise in children than adults.
Interestingly, it has been found that HR response to psychological chalienge is
higher in children displaying lower physical activity (Solcova et al., 1990).
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2.4.5 Conclusions

It is apparent that from physiological and medical points of .vie{v, children are
different froin ak_lults and from their peers in their response and tolerance to exercise
due to the great range of variability in growth rates, amhmpometnc indic.e_s,g. gender'
and state of health. - S
Underling physiological mechanisms to exercise in childrer adhere fo ww same
homeostatic regulamry responses as adults and are in some iz;stanr:es better [e.g.
Tower cardiac output and greater (a-v)()z difference in spite of Tuver .dh cantex\t in
a given submaximal work (Biriksson et al., 1971; Enksson 1972 Ekblom el al
1968), higher muscle blood fluw (Ailen, 1971; Koch, 1974), PV expansior’ :q_::sponse '
to exercise (Macek et al., 1976; Dnnkwater et al., 1977)]. The effen_( of tmlmng
status on exercise response, gfnwth,_bo_dy dimensions and health is, however,
substantial in children (Bar-Or, 1983). S

Children are capable of maximal anﬂ submaximal type of exercise. However, they
are more suited to intermittent activities and less to "anaerobic" and strength training.
‘Whether these characteristics can be explained as adjustments brought by the type of
daily activities, or nieuromuscular mlmatunty, or both, it is difficult to deterrmne

A child’s preference for activities of short duration could be explamed by the lower
absolute energy capaclnc.,, shorter attention span, the need for recreational stimuli,
and lower socially iﬁduced motivation for long term exercise, It appears that
prolonged exercise is monotonous and motivation to pursue tlus is poor in children.

One should, hdwever, bear in mind that children are habitually more active than
adults and may thus present with physiological adjustments that can lead to
misinterpreted responses and comparisons between truly "inactive® untrained children.
and adults.
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The AAP (1982; 1983), based on studies conducted by Astrand(1952), Wagner et
Cal (im), Haymes et al.(1975; 1975), Drinkwater et al. (1977), and Drinkwater and
Horvath(1979) suggest the following reasons, why chlldren are less efficient
thermoregulators than adults:

(1) Children have a greater BSA/mass ratio than do adults which induces a greater
heat transfer between the environment aad the body. This implies that when T,
‘exceeds T, the rise in T, at a given heat index will be greater in children than in
«dults (Drinkwater et al., 1977; Wagner et al., 1972; Haymes ot al., 1974).

(2) Children produce more metabolic heat per mass unit than do adults at a given
workload (Asrand, P.O., 1952).

(3) Children have a lower sweating capacity than do adults, and show a reduced
capacity 1o convey heat by blood from the body core to the skin (Haymes et al.,
1975; Drinkwater et al., 1977; Wagner et al., 1972). |

Children have thus been reported to possess less heat tolerance, lower SR and -
higher T, at a given work load when compared to adults. Based on this finding,

the AAP (1982; 1983) supports that for a given level of dehydration, children are
subject to a greater increase in 'T,, even though sweat losses are not as great as in

adults. Furthermore, children do not instinctively replenish the fluid lost during

prolonged exercise (Bar-Or et al,, 1980), and therefore, they' are reported to be

especially prone to dehydration (AAP, 1982; 1983). | |



| | | 36
- More recent .stu_dies {Davies, 1981; Dnéherty et ai., 1986; Mackova et al., 1984)
have, however, reﬁu'ftéd heat tolerance and Eeat dissipation capaciﬁes in children
which compare well with those of adults. Bar-Or(1989) atiributes fhese contrasting
findings to the varied environmental heat stress in the above studies {e.g., an ambient
temperature of greater than 42 *C is needed for reduced heat tolerance response in
-children). |

' In addition, the following conditions have been associated with greater predisi:osition

" to heat illness in children: obesity, chronic heart failure, caleric malnutrition, febrile

| state, cystic fibrosis, gastrointestinal infcctidn, anorexia nervosa, diabetes insipidus,

diabetes meflitus, sweat insufficiency syndrome and mental deficiency (AAP.,. 1982).

_ Furthermore, hypohydfated or insufficiently acclihiaﬁzed children with a low fitness

~ level, or patients with diarrhoea, feever, or children that have recently expenenced heat
illness and vomiting are also prone Iao heat iliness (Bar-Or, 1983),

2.5.2 Morphologic and physiological c@:&gm ! istics of the exercising child as related
to thermoregulation

2,5.2.1 Metabolic heat production

Children produce more metabolic heat per mass-unit than adults when walking and -
running (Astrand, 1952). Furthermore, the total heat production of obese boys during
 exercise at different envirohmental temperatures, has been reported to be 40% greater'
than the heat production of leatn boys at any environmental temperature (Haymes et
al,, 1975). |

In addition, the greater metabolic heat produced by children is in accordance with the |
higher O, consumption per mass unit in children as compared fo adults at a given

speed of walking or running (Waters et al., 1983; 'Cavagna etal.,, 1983). This finding
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has been attributed to childrens’ uneconomical locomotor pattern and the
neuro:ﬁnécular immaturity of children as compared to adults (AStrand, 1952; Mac |
Dougall et al., 1979; Comnoly, 1970). The réputed greater metabolic heat generated
by children is a potential handicap when the climate is warm of hot and the exertion
level is high (Bar-Or, 1983).

25.2.2 BSA/mass ratic

Chiiﬂrén have a greater BSA/mass ratio than adults, whid: induces a greater physical
heat transfer to aild from the envifonment. ‘This exchange is lower for the obese child.
The increased subcutaneous fat modifies the bddy contour of obese children, resulting
in a decrease of the BSA/mass ratio in the abese child as .'Icompared ta the lean child
(Haymes et al,, 1974). |

The functional implication of the higher BSA/mass ratio of children is that, for 'any

given temperature gradient between the skin and the ambient environmeng, heat transfer

per mass unit through radiation and convection is greater in the lean child than it is in

the adult {Bar-Or, 1980). This may be an advantage to the child whenever the ambient

tempe:atﬁre is warm (T, not exceeding 'i‘ﬁ) or whenever a high level of‘ exercise is
performed in a cold environment, since a child would be able to lose more heat per

mass unit through evaporation, radiation and convection than in adult. However, when

the T, is higher than the T, more heat would be lost through evaporation, but more

heat gained through radiation and convection by .a child than by an adult.

2.5.2.3 Heat tolerance of the obese child

Obese children are at a disadvantage in the heat as compared to lean children for the

following reasons:
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(1) Fat is hydrophobic and hence the obese child has a lower total bt;dy water
content per unit mass than the lean chi!d This implies that for a given percentage
of dehydration, reiatwe water loss in an obese child will be greater than in the lean |
child (Bar-Or, 1983)

(2> Due to higﬁer body fat percentage, the obese child’s relative aerobic .cépacity
is usually low (Moccelin and Ri:lae_nfranz,. 1968). Since the rise in T, during exercise
is proportional to the relative metabolic rate (i.e. percentage of VO, max), ata given
metabolic rate, the obese cluld is exercising at a relatively higher percentage of his
maximum VO, as compated to the lean chlld (Haymw et al 19’75) Consequently
the obese child wﬂl fatique carlier.

(3} The sgeciﬁc;ﬁeat of fat tissue is lower than that of fat-free tissue with high water
content (Bar-Or, _1983). Thus, an equal heat load per mass unit, will induce a greater
temperature increase in the obese child as cdmpared to the lean child (Bar-Or, 1983).
: Thzs may explain why ofxese boys have the same heat storage as lean huys; but show
a greater rise in Tm (Haymes et al., 1975)._ |

Bar-Or et al.(1969) and Haymes et al.(1974) have recently examined heat tolerance
ih obese women and children respectively. In the studjr of Haymes et ai‘(1_974) heat
tolerance tests were performed on exercising iean and heavy pr&pubeftal girls and
compafisons were made between these groups and compared to the aduit female
subjects examined in the study of Bar-Or et al.(1969). The results indicated that
small differences . .st between heavy and lean prepubertal gitis. However, when
these groups were compared to woman, the gu'ls appeared to _display more heat
' tran.;;fer through radiation and convec‘l:ion; more evaporative heat loss; and a higher
heat production per unis mass at 21.1, 26.7 Iand 294 *C. However, pre-pubertal
girls have a lower tolerance to exercise in the heat af 32 *C than wo!nen (Haymes et
al., 1974). |
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A further investigation by Hﬁym_es et £.(1975) using obese and lean children as
subjects, found that physiological responses (HR, T., T,, VO,) of obese boys, in
vatious environmental conditions, were similar to those of heavy prepubertal girls
(Haymes et al., 1974), with the exception that the boys were more tolerant at 32 °C
than the girls. When comparing the lean and obese prepubertal boys, 6bese boys
showed greater increases in T, and tended to exhibit more physiological strain
when exercising in the heat (Haymes et él., 1975). '

Bar-Or(1983), found that the obese child, in spite of a lower density of heat .
activated sweat glands, sweats more than the non-obese child. In addition, at a
given level of dehydration, obese children display a greater rise in T, than do Jean
children. - ' '

Tt would thus appear thai these functional and morphological characteristics of
exercising obese children are an important congideration during conditions of heat

stress.

It is frequently discussed in the literature that due to the higher BSA/mass ratio,
children have more efficient heat dissipation mechanisms when compared to adults
(Bar-Or, 1983). Thus children are more efficient thermoregulators at identical
metabolic heat production when T, is Jower than T, (Bar-Or, 1980). This does

however, not apply when T, is greater than T and the only means of heat
~ dissipation is through evaporation of sweat. Firstly, it is theorized that the
peripheral system (the lower sweating pattern of the exercising child) results in
more tapid build-up of body heat (Araki et al., 1979; Haymes et al,,1974; 1975 and
Wagner et al., 1972) and secondly, that the low stroke volume and 'the inability of
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children to cope with the diversion of BV to the subcutaneous and muscle tissues,
limits the ability of the card_iovasculét system to cope with the combmed stress of
exercise and heat (Drinkwater et al., 1977; Drinkwater and Horvath, 1979)

Bésides the important role of BSA and body fat composition of children in the
thermoregulatory response to exercise, there is a need to examine the sweating
patterns and cardiac output' distribution of children during exercise and under heat
stress, as these also contribute significantly to thermoregulation.

The iypothesis of a less effective sweat pattern in children is based mainly on the -
observations of Araki et al.(1979), in which pre-adolescents subjects were found to
‘have significantly lower SR (despite normalization for a unit BSA) and higher T, than
a comparative post-adolescent group. TH difference was more apparent during
exerciée at a heavy work load. Itis notewnrﬂ'ly to mention that in the study of Araki
et al.(1979), thé post-aﬂolescent subjects consisted of physical eduéation students,
whereas the pre-adolescent group did not engage in physical exercise. It is well
accepted that the physically conditioned individuals will sweat mor{.;r"' profusely and
earlier at any given work load than untrained ones (Baum et al., 19‘;6; Nadel et al.,
1974). The subjects in the stndy of Araki et al.(1979) rested on a chair for more than
40 mm in a climatic champer (T,;, 29 “C) and were deprived of water for two hours
before and during exercise. Although these conditions may be tolerable to adults, in
children they may be uncomfortabie, predfsposing tc an inferior physiological
response to exercise and heat, In addition, the intensity of exercise in Araki et
al’s.(1979) study, was determined "y using the average pulse during exercies, The
 three work loads (light, moderaté; ﬁeaw) cbnésyonded to HR of 110-120, 130-150
and 160-170 bpm respectively. Sirce SR is mainly related to the absolute exercise
intensity (Gullestad, 1975; Saltin and Heﬁnansen, 1966}, a specific HR range will
correspond to a lower absolute workload and hence lower SR in children. The
researchers, however, interpreted the findings as indicative of an inadequate sweating
pattern in children.
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The conclusion that children perspire less than adults, was aiso reached by Haymes
et al.(1974; 1975) and Wagner et al.(1972). In the above mentioned research
(Haymes et al., [974; 1975; Wagner et al., 1972), comparisons of SR per unit of
'BSA were based on identical speeds run on a treadmill, Cluldren and adults worked
under three different environmental conditions, but possessed different VO, values.
The thermoregulatory responses may therefore have been influenced by differences
in exercise capa’citry and not only by age alone. 1t is well mmblislwd that T, is related
to the relative metabolic rate (Astrand, 1960; faltin and Hermansen, 1966; Gultestad,
1975; Davies et al., 1976), whereas SR is highly rélaﬁed to absolute.metabolic rate
(Saitin and Hermansen, 1966). Since Haymes et al.(1974; 1975) and Wagner et
al.(1972) wsilized an absolute work load, meaningfl comparisons in SR and
thermoregulatory responses are expected to vary between the groups depending on the
relative.and absclute cxercise inﬁensities._ Aocordi_ﬁg to Nielsen(1980), differences in
temperature regulation atiributed to age and sex can be e'xplain.e.d. by differences in
VO,max, When Dill et al.(1977) conducted an experiment taking into account
‘metabolic rates and body size of children and adults, comparisons between adults and
children of this study, revealed that SR relative to BSA was independent of age.

Drinkwater and Horvath(1979), in an attempt to ass;":m'the relationship between heat
tolerance and age, used 38 urnacclimatized females 'aged between 12 and 62 years,
The subjects worked at 30-35 %VO, max under three environmental conditions 28,
35, and 48 *C. Using tolerance time at 48 "C a3 a criterion for deterntining the
ability to exercise in a hot environment, Drinkwater and Horvath(1975) concluded that
cardiovascular instability was the primary predictor for tolerance time as expressed
by %HRmax. *Evaporative® SR (Drinkwater and Horvath, 1979) 2dded significantly
to tolerance time regardiess of age, and initial T, as the last prediciive factor
contributed significantly to the my .3 regression equation (¢ = 6%6.85 -
1,339%HRmax + N.166ESR - 15.365T,,, R=0.87) and accounted for 76% of the
total variation ini tolerance time. Final T, was not included in the regression equation
due to the artificial limitation placed on its vitimate level, Furthermore, fluid intake
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was fot permitted and termination of the exercise session and consequently tolerance
time was determined by ) T,>39, b) HR»90% of HRmax, ¢) abnormal
_ elech‘oqardiogtaph and d) subjective signs of distress. However, a fixed T, could not
be considered as a reliable criterion of thermoregulatory stress éspebially when' the . .
fitness status of the subjects was heterogenous. f_Sutpﬁs’fingly, final T, was used as a |
criterion fo mhninate the "xerciéia session, | although it was not included in the
regression equatlon that predicted heat talerance It is possible that its elmunatmn

| from the statistical analysns influenced the interpretation of the results.

' With regard to the HR criterion, maximum HR varies among children from 180-234
bpm (Cumming and Hnatiuk, 1980). Thus a set percentage of maximum HR
(%HRmax) lacks accuracy. The problem becomes more mmplex when meltiple
regression anaiysxs is performed to predict for example, tolerance time from
evaporative SR, changes in PV and %HRmax, since pl'iys;ologically these variabies
interrelated and a unit drop in osmolatity, for example is k:mwn to influence HR, T,
and consequently SR and SBF resporise (Fartney et al., 1984). Thus, tolerance time
 is not solely explained by the rise ¢f PV, but rather by a combination of the abuve-
mentioned factors. - Heat tolerance in children. should also be considered in view of
| the motivation of the child to complete such uninteresting protocols in wirealistic high
environmental temperature of 48 *C.

" Cardiovascular instability was the reason given for the lower heat tolerance of children
as compared to woman in the study of Drinkwater et al.(1977). The exercise protocol
and environmental condmons utilized in this stady were identical to those described
in the work of Drinkwater and Homdl(IQ‘?Q) However, in the study of Drmkwaﬁer
et al.(1977) the subjects (propubertal and coliege women) were matched for maximal
aerobic power (VQ,max), to enable the researchers to control and explain the
physiological respomes to exercise in the heat more objectively {.&. only on the basis
of thenndregulamry fesponse’s_ =~ not on differences in exercise metabolic rates). This
study found that a lower stioke volume and an inability to shift Iﬂuid into the



cardiovascular space \gpm?.-'-;"-"é main age related ﬁifferenées._ with respect to heat
" tolerange time. The 1{ . ,eat tolerarse in children was explained by the larger
BSA/mass atio of children, The rescarchers found that when expressing blood and.
stroke volume relative to BSA (ml.m?), children have lower blood and stroke volume
than adults. Hence, during exercise and heat stresé, the children Mil_re&ui}js a larger
proportion of BV td be diverted in order to maintain adequate peripheral i;Iood flow
.ajnd.ho serve the heat dissipation mechanisms, when compared to adults (Rrinkwater
etal, 1977). It has been found that as much #s 8 £.min? of cardiac output may be
diverted to the subcutaneous tissues dm-‘ing‘: bra}e_tzgec'l- direct heating of the entire body
in adults (Rowell, 1974). '

' I'-Iowevcr,. it is well documented that stroke voluane-(;iﬂ.bear‘) reaches its maximum
by the time the cardiac output has increased to only half of its maximum during high
intensity exerﬁise (Astrand and Rodahl, 1977; Guyton, 1986). Thus the question te
be asked is whether children who are capable of sustaining a high HR in the face of
a "lesser venous return” during exercise, will be as able to tolerate heat stress as well
as adults. In view of a "lesser venous refurn” in children, one has to consider the
reports that children have faster circulation times than adults (Cumming, 1978),
different blood flow distribution patterns (Koch; 1980}, and expansion of PV during -
exercise (Macek et al., 1976). The latter was also confirmed in the study of
Drinkwater et al.(1977), in which the prepubertal girls responded with PV expansion
(+. 45%, with marked increase in TPP) during exercise in all environments, whereas
the coliege womnen responded with hemoconcentration (no marked shif: of TPP was '
observed). It is thus possible that, fa conrast to the findings of Drinkwater et
al.(1977), the children’s higher HR excitability (as indicated by their maximum HR),
lower sympathetic activity (Lehmann et al., 1981) (as indicated by a low peripheral
resistance) and the hemodilution response (as indicated by the PV expansion) during
exercise ray enhance cjrdiac ou'tput, facilitate a higher venous refurn and result in
a miore effective heat convection transfer from body core to periphery and thus
prevent decrements in performance, when compared to adults. This question does,

however, require further investigation,
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4 contradiction in the study of Drinkwater et ai.(1977) was that although the groups
svere matched for aerobic power and exercised at the same relative work load (i.e.
percentage of VO, max), the SR responses (g.m?.min") did not differ significantly
between environmental conditions, If one calculates the absolute “aerobic power' of N
the subjects, it becores 2pparent that the prepubertal girls worked at upproximately
0.5 . .min? and the college women at 0.9 £.min". However, this absolute difference
in ‘aerobic power’ during exercise should have been réﬂected in SR, if SR is
determined by the absolute exercise intensity (Saltin and Hermansen, 1966; Gullestad,
1975). This did not occur and was not identified as a shortcoming by the authors of
the study.

- It is worthwhile to reprint from Drinkwater et al.(1977) study, two figures illusteating
the T, and T, responses of the two groups under the three environmental conditions,
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Fig, 2.2.(8) Rectal temperatures (*C) of prepubertal (O) and adult (@) females during basal period
(B); min 1-5, 20-25, and 40-45 of eack work period; and during min 1-3, 9, and 10 of recovery periods
in three environmentnl conditipns. Reprinted wi'h permission from Drinkwater ¢t al.(1977).

Fig, 2,2.(b} Mean skin temperature (*C) of prepubertal (O) and adult (@) females during mix 1-5, 20.
25, and 40-45 of each work period; ond during min 1-3, 9, and 10 of each recovery period in three
environmental conditions, Average basal T,, for prepubertal females waz 33.4 *C; for woman, 33.7 °C.

Reprinted with permission from Drinkwater et al.(1977),
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From figures 2.2.() and 2.2.(b), it can be seen that the major differention in T,, and
T, responses between the girls and the women at the three environmental conditions
was the relativelv higher T, of przpubertal girls at 48 “C. This is an indication of
“high SBF response, oncurring 'iln order to defiver the heat necessary for the
evaporation of sweat (Gisolfi and Wenger, 1984}, and associated with active
vasodilation (AVD) (Blair et al., 1960). Based on this observation it is logical to
hypothesize that AVD occurs earlier in children than in aduits. Supporting evidence
for this hypotbesis is provided by the fact that effector ﬂleﬁnOrégulatorj responses
(SBF, sweat) which serve the dissipation of heat, are proportional to changes in T,
and T, (Stolwick and Hardy, 1977). Furtherntore, since Ty i's related to body mass,
the relative contribution of T, in initiating effector responses is greater in smaller
: species (Rohérts et al., 1974), | |

Referring to subsection 2,3.2, as the load error quantity (T,,-T,,) increases during
exercise duc to a rise in T,, (T,+T,), heat dissipating responses (e.g., SBF, sweat)
are recruited at different stages. At the stage of the AVD response, large increases
in SBF occur inithe limbs (Blair et al., 1960). It would thus appear that the observed
higher T, in children is accompanied by an earlier onset of AVD, due to the greater
input of T, in the load error for the initiation of this particular effector response.
Further support for this hypothesis is provided by the fact that AVD is needed for an
intact sympathetic activity. If childreri. respond with less sympathetic activity duri_ng _
exercise than adults (Lehmann et al., 1981), the fact that at 48 *C in the study of
Drinkwater et al.(1977), the girls presentedwth a 13,7% increase in arm volume as
compared to a 5;4% increase in the women tested, further confirms the hypothesis of
an earlier and higher subcutaneous ‘blood flow. This iz confirmed by Falk et
al.(1992a), who also reported Sigmﬁcantly higher forearm blood flow among pre-
pubertal boys as compared to late-pubertal boys during exercise in the heat.
Although, the underlying mechanisms of AVD have not yet been determined (Guyton,
1986), AVD should be considered in cﬁnduction with a shift of a considerable amount
of cardiac output (8 £ ;min") to. the subcutaneous tissues as has been observed in adults
(Rowell, 1974). This waild detrimentally effect the continoation of cxercise dﬁe to
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art mcreased demand of bicod flow fo the myocardium, skeletal muscles and lungs,
which may rot be met and this may have caused the premature termination of
exercise. ‘A passibly narrower prescriptive zone of T,, and a lower sympathetic
activity in children as compared to adults, could be suggested to explain the ealier

and more ihtensc secondary AVD m childrer: when compared to adults, The higher
., and SBF between the two groups in the study of Drinkwater et al.(1977), at the
same relative work loads, appears fo support the above hypothesis. |

 Falk et al.(1992a) compared thermoregulory response of pre-pubertal, mid-pubertal |
' and late-pubertal boys exercised (50% VO,max) in the heat (41-43 *C, humidity: 18- |
| 22), and concluded that the transition frdm aless effecﬁvé'theﬁnoregulamy-tesponae
of children to mdre effectwe response of that m adults does not occur during

puberty. Althongh the late-pubertal boys exhibited significantly higher SR (ml. min
| ! m?) compared to pre-pubertal boys, the rate of heat storage was significantly higher
in late-pubertal boys than in pre-pubertal boys. They hypothesized that a less
effective sweating pattern in late-pubertal boys (presenting with an apparent
"dripping", rather than "evaporation" of sweat), explains the significantly higher hieat
storage in late-pubertal boys as compared to a more effective sweating pattern in pre-
pubertal boys (Palket al., 1992a; 1992b). However, this hypothesis contrasts to.the
existing theory of increased heat storage of children during exercise in the hea, .due
 to lower sweat fate and thus lower evaporative cooling than adults, Furtheremore, |
in the study of Falk et al. (1992a; 1992b), the higher SR of late-pubertal boys d_ug to
higher absolute work output was not taken into account, which may explain the
higher SR calculated in late-puberial than in pre-pubertal boys. With regard to the
greater heat storage of the late-pabertal boys in the study of Falk et al.(1992), the
importance of T; in the calculation of heat storage (0.8T,, + 0.°T,,), may be higher
in children than in adults, This ﬁssumpﬁon is based on the fact that under the s&a'e
relative work 1oads in the heat (Drinkwater et al., 1977; Falk et al., 1992), SBF
(which is mediating from T,) is positively related to age from pre-puoestal *i
adulthood. - | o



47
A clear-cut answer the control mechanisms of thermoregulatory responses of children
during exercise and heat stress has therefore aot been established. Assumptions such
as “children require a greater increase in T, to start perspiring, which suggests a
' higher hypothalamic threshold" (Bar-Or, 1983) or “tolerance timeé of children and
young adolescents exercising in the heat are shorter than_ that of young adults”
(Haymes, 1974; 1975; Wagner, 1972; Drinkwater, 1977; Drinkwater and Horvath,
1979), need to b further researched under more cazefuily controlled conditions. As
noted in subsection 2.3.2, conditioning and heat acclimatization will effect time and
(intensity) of SR response, Cognizance should be taken of the fact that beside T, T -
_contributes significantly to the sweat réspouse during exercise. In the study of
thermoregulatory responses the subject's conditioning and acclimatization status should
be clearly outlihed together with the .3\'102' max assessment data, to better understand
the role and the background of VO,max. In addition, habitual activity and
neuromuscular maturation in childven m&y be a better predictor of heat tolerance to

exercise in children.

'Lastly, if children respond to exercise with ) less Na in sweal b) increase in BV

(hypervolemia) and c) higher SBF than adults afl a given work load (Koch, 1980;
* Drinkwater et al., 1977: Falk et al., 1992), which are all result in lower heat storage
for a given T, (Sawka 1?9_2) and are adaptive physiclogical responses of training and
heat acclimatization procedure (Wyndham et al., 1968; Senay et al., 1976; Bar-Or,
1983), the theory that “children are less efficient thermoregulators than aduits” is. to
be guestioned.

2.5.4 Water requirements
Few studies have investigated the fluid replacement needs in children during exercise

and under heat stress.. Despite the previously discussed relationship between fluid
status and thermoregulation, thermoregulatory responses have been investigated in the
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ahsence of fluid replacement in the exercise plotorols of Drinkwater et al.(1977) and
Drikwater and Horvath(1979). Since PV changes are related to thermoregulation
(PV provides the precursor of the secreted sweat which enables insensible heat loss)
.(Formay et al,, 1984), fluid replacement. can alter this relationship. Moreover, the

potential of plasma volume expansion in chxldren may also modify' SBF and sweat _ |
responses. The disproporijonal dlstﬂbution of extracellular and intraceliular fluid
volume in children, togcthet with their BV expansion in exercise will further facﬂlmte
the convective transfer of heat from the body to surface area and enhance the heat
_dissipation mechanisms. |

Water is necessary to support metabolism as it provides the medium for biochemical
'réacﬁons and budy solutes (Ganong, 1989). The water requirements of the body are
determined by the amount of heat produced and by the concentrations of sofutes in the
body fluids (Diem and Lentner, 1975)., It has been estimated that the daily
requirements in ml.Kg™* is 70-85 for a 10 year-old child possessing 4 body mnass of
29 Kg, while that for adult possessing a body mass of 70 Kg, is 2143 mi.Kg" (Diex:
- and Lentner, 1975), The childre_n’s higher water requirements are probably due to
a) the greater metabolic rate per Kg body mass, with result in a higher metabolic
water loss and b} the fact that children’s high levels of protein synthesis require that
considerable amounts of water been processed.

The AAP (1982; 1983) recommends that prior to proloenged exercise, childresi should
be ﬁJlly hydrated and that during the activity, fluid replacement should be 150m! of
cold tap water each 30 min for a child weighing 40 Kz, even when the child is not
 thirsty (AAP 1982 1983), Costill and Saltin(1974a) support the theor'y that cold
water is emptied faster from the stomach than warm drink and is more palatable. This
is, however, presently under quﬁtion and requires fucther investigation.

The enforcement of drinking habits by the AAP (1982; 1983) stems from the findings | _
of Bar-Or et al.(1980). These researchers found that children are voluntarily
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dehydrated during exercise. They define voluntary dehydration as “a state of fluid
deficit even though drinking is provided ad libitum". However, in the work of Bar-
- Or et al.(1980) the formula used to calculate pefoentage dehydeation was based on
body mass loss only and metabolic fuel utilised, metabolic. water produced by
mitochundr_ial oxidation and the considerable water vblufne released from glycogen
* breakdown \ﬁas not included. The findings may thus not have been indicative of
“dehydration". CoﬁSequbnﬂy the contention of the AAP (1982; 1983) that, for a
 given level of dehydration, child-en are subject to greater increase in T, than are
adults (Bar-Or et al.(1980) Tequires re-examination. |

Furthermore, in the study of Bar-Or ef al.(1980), PV changes were not measured.
Since children, even in the '.abscnce of ﬂu_id_' replacement, respond with PV
expansion to exerclse. (Drinkwater et al., 1977; Macek et al., 1976), the assumption
can be made that stimulation of the thirst mechanism in children would be weaker
if this mechanism is triggered when plasma electrolytes become concentrated
(Senay, 1979; Guyton, 1986). Another factor is the unknown effect of direct
transference of solar heat onto the skin and the possible .stimula.tion of the thirst

mechanism.

As the study of Bar-Or et al.(1980) appears to be the only work investigating the
fluid replacement needs of chzldren during exercise published td date and a number
of questions still exist, further research is needed to provide definite answefs. For
example, it is well accepted that children possess a higher fotal body vﬁater .
pwpoftion when compared. to aduits (D1em and Lentner, 1975; Rudolph, 1991).
A given percentage of body mass loss will thus reflect a lower percentage of
dehydration in children than jn aduits. Whether children’s higher extracellular fluid
proportion in refation to the lower intracellular fiuid ﬁroportion plays a role during
exercise and the importance of such a role in percent dehydration is another

question requiring investigation.
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Research investigating the ability of children to acclimatize o exercise in the hedt -
has shown that : | | |

) children do acclimatize to exercise in the heat (Wagner et al., 1972)

by their rate of acclimatization is r* iologically slower (Inbar, 1978), but
“subjectively" faster, when compared 1 adults (Bar-Or and Inbar, 1977).

¢) their level of acclimatization is somewhat lower. tan that of adults (Bar-Or,
 1980). o |

d) they can acclimatize by exercising i stral environment or by sitting in a hot
environment which is not always ﬁpplicable‘ to adults (Inbar ef al., 1978).

¢) acclimatization of boys to work in dry heat_ is less effective than  hat of older
adolescents or adults (Wageer et al., 1972).

Shvartz et al.(1973) and Inbar et al.(1981) propose that the degree of heat
acclimatization is a function of heat stored in the body during each session of a
given acclimatizaiion procedure. More specifically, Inbar et al.(1981) studied three
acclimatization protocols on children (active acclimatization, exercise in a neutral
climate, and passive acclimatization). These researchers found that initial heax
storage caused by the three different acclimatizarion protocols varied, being highest
in the active proceﬂure, followed by the passive_and. then the exercise in neutral
climate exposures. Fierefors éﬁnrsitioning in young children in a nieutral
environment produces as high, if not higher adaptive responses than those occuring
in adults subjected to exercise and the heat acclimatization procedure (Inbar et al.,
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1981). It is believed (Buskirk et al., 1969) that children’s morphological
 characteristics, in particular, the highier BSA/mass ratio plays a conducive role in
the passive heat acclimatization procedure. The greater thermal oad mﬂux from the
environment might be snfficlent to result in more complete heat acclimatization in
children than in adults. '

The percepnon o.f a faster rate of acclimatization in children, together witﬁ the

"underestimated" perception of exercise stress (Bar-Or and Tnbar, 1977), might be.
regarded as an advantage to children exercising in the heat. However, it may also
signify a hazard: the insufficiently acclimatized adult is reluctant to exert themselves

in the heat, whereas the child mﬁy have a false sense of confidence and overexert

himself in view of marked heat strain (Bar-Or, 1980).

2.6.2 Competitive anxiety

Spielberger(1966) defines trait anxiety as the individual’s predisposition to
pt-. cetving competitive sifuations as threatening and responding to these situations
with subjective feelings of apprehension or tension. These feslings are accompanied
by the activation or arousal of the autonomic nervous system (Spielberger, 1966).

More recently, Martens et al.(1990) hypothesized that each individuals’. A—tralt
personality disposition, in the presence ov uncertainty of the outcome and
importance attached the outcome, will respond with a certain level of A-state
(threat) in a given competitive situation (fig. 2.3) |
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A-trait
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{of the oucome} {of the outcome)
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¥iyx. 2.3 Internction model for the compelitive siress process. Adjusted from Martens et al.(1950).

The greater the uncertainty, importance of the outcome and A-rait tendency to
* perceive competitive situations as threatening, the greater the threat in the objective
competitive situation (Martens et al., 1990). ~ -

Martens et al.(1990) developed a sport specific questionnaire measure of competitive
state anixiety, the Competitive State Armxiety Inventory-2 (CSAI-2), This measures
cognitive anxiety, somatic anxiety and self-confidence. Cognitive anxiety and self
confidence refer to the athlete’s feelings of apprehension, which are related to
performance expectancies (Martens ef al., 1990) and previous competitive experiences
(Gould et al., 1984; Peltz, 1984). Somatic anxiety generally reflects physiological
condition or reflexive response associated with competitive.stresé (Martens et al.,

1920).

Coping with competitive stress is a critical mediating factor used to conl:fol emotional
arousal (Lazarus and Folkman, 1984). Performance expectancies are mediated by
factors such as perceived importance of the competition (Sanderson and Ashton,
1981), prior knowledge of the opponent’s ability (Wandlizak et al., 1982), past
performance (Martens et al., 1990} and other external factors such as weather
conditions (Martens et al., 1990). If an athlete perceives that external factors are
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beyond his control, uncertainty about the performance outcome will increase.
Festinger(1954) and Martens et al.(1990) believe that the primary means for
reducing competitive stress is to obtain infonnaﬁon that transforms uncertainty to

An alternative to theories of athletic performance base on stress, has been propased
by Hanin(1986). This théo_ry utilizes an’ individual approach to anxiety and
performance and supports the hypothesis that each athlete has an opfimal anxiety
level prior to competition. This optimal anxiety level may be low, moderate, or
high, depqnding on the individual. Successful pe:formanceoccurs when pre-
competition anxiety is near optizaum or falls within a Zone of Optimal Function
(ZOF). When pre-competition anxiety falls outside the ZOF (i.e. either higher or
lower), performance worsens. Although this theory is similar to inverted-U
hypothesis (Yerkes and Dobson, 1908) in that there is an anxiety range, .in which
performance is optimized, the primary difference lies in the fact that the inverted -

U hypothesis predicts that athletes perform best when anxlety level is moderate
(Burton, 1988; Sonstroem and Bernardo, 1982; Weinberg and Genuchi, 1980),
whereas ZOF demonstrates that the optimal anxiety level of some athletes,
regardless of the sport or task within a sport, can be low or high (Hanin, 1986).

Borkovec et al.(1977) proposed three levels at which the individuals can respond to
stress, namely behavioral, physiclogical and pr: chological, The tendency of an
individuat to become anxious m sport, has promoted investigators to attempt to
~ identify sources of anxily, in order to learn how an individual perceiﬁes' these
sources; and how these sources resuit in physiological, psychological aiid behavioral -
changes in an individual.
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The physmlogml responses of the body to mental and physical stress are directly
related tc one another. Mental stress results in an enhanced sympathenc
stimulation, which is known_to have numerous physical effects some of which may
be detrimental to his/her well being. The sympathetic and parasympathetic system
~of the autonomw nervous system actwates the smooth-muscle (viscera) directly and
the skeletal miscles indirectly (Guyton 1986). Thus, the autonomic nervous system
regulates reﬂemrely the increase and decrease in the tension levels in the muscles
and glands (Jordaan et al., 1975). Phymologml measurements which serve a3
indices of phyemloglcal stress include HR, breathing rate, muscle tension, endocrine
secretions, electric skin resistance (ordaan et al., 1975; Samuel et al., 1978).

However, these psychophysmloglcal mdxcauons are only appncable within certain
limits (Jordaan et al., 1975; Lade, 1969) and are based on the principle of
homeostasis. Anmety is known to alter gastric emptyiag rate (Murray, 1987) and
to increase SR and HR (Martens, 1987). Fﬁrﬂte‘rmdre, HR response to
psychological challenge has been reported to be higher in children displaying lower
physical activity (Solcova et al., 1990). Crews and Landers(1987), in a meta-
analysis of 34 studies, supported this finding of Solcova et al.(1990) by revealing
that subjects who were aerobically fit, demonstrate decreased psychosocial stress
responses when compared to untrained groups.

The overall emotional reactions to competitiwie sport are, however, no greater than
fhose towards other children’s activities including academic tests and music
competitions (Simon and Martens, 1979). The two most anxiety-provoking sports
were found to be wrestling and gymnastics, both individual sports (Simon and
Maitens, 1979). Measurements of anxiety-performance relaﬁbnships. have been
performed by sports psychologists in swimming (Burton, 1988); volleyball
(Grocker, 1988); wrestling (Gould, 1984); basketball (Senstroem and Bernardo,
1982); and golf (Weinberg, 1978). Research has revealed that individual sports
impose greater stress upon athletes than team sports (Griffin, 1972).



The limited research addresmg} the fluid replacement needs in cinlcirm lnghhghts -
the need for further mvest:gatzon mto this ares. However, in view of the
considerable variability in physiological IeSponse to exercise between children,
_ _accurate documentatzon of subject ‘selection, iraining mtenmty, environmental
conditions and method of flnid replacer.pent detenmnauon is reqmred in order to -
'mak?e both ob_;ecﬁvc compansons hetwean studles dnd mterpretsg;zons of results,
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The resea:ch design of tha's investigation can be classified as a single group
experimental design. This mvoived utahsmg the same subjects in pre- and post-match
testing and obtaining their pre-and_ post-play data. If the pre-match data were
signiﬁcanﬂy different to the post-match dat?_.‘fp-< 0.05),. the differences wa.re. assumed
to be due to thé'experimental factor " - actual play situation.

The critetia used to separate the subiects into grouﬁé.mre tennis playing ability and
age. Gr'cjup one ct:msi'sted of eight Southern Transvaal tennis players ranging between
the ages of 12-13 [¥= 12. 2&0 46) yrs]. Group two consisted of eight. le tennis
~ players, wﬁh average tennis ability and ranging beztween the ages of 11-12 [X=
11.6(+0. 5 1) yrs]. Group three conmsted of eight tenms players Langmg between the
ages of 14-15 [X= 14. 5(+0 53) yrsi, and with above average tenms performama.‘

level.

Prior to performing the study, clearance was obwined from .the Committes fot
Research on Human, Subjects of the Univetéity of the Wihvaﬂ;:si‘am_i. Informed consent
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~was obtamed {rom both cluld:en and parents before parl:!cipatlon in the mvestlgatmn
(App..,ndlx A,) '

k Physiological, biochemical and psychological variables Before, during and.afﬁ-;-.r 85-
90min of tennis piay on tennis courts wefe assessed during the mid-summer season of
1991/1992. Matches were simulated for group two and three, whereas measnrements
for group one took place dﬁring an interprovincial Round Robin Toumam:ent The
measurement stages of this mvestxgatmn and time schedule of the study are pmvrded

| dlagtamn‘lmcaﬂy in fig 3.1

Test resuits, comments and advice were supplied to the 24 participants in written form
two months after completion _of the data collection (Appendix B). |

32" Field testing

Pre-match recordings and measurements included:
3.2.1 Quegtionnajres:

3.2.1.1 Anxiety classification of subjects

‘The Competitive State Anxiety Inventory-2 (CSAL-2) developed by Martens et
al.(1990) was administered to group three (13-15 year-old), and the Spart Competition
Anxiety Test for children (SCAT-C), (Martens et al., 1977) was administered to ali
groups in order to assess the trait anxiety of the children (a copy of the SCAT-C
questionnaire is included in Appendix A,). The (Csm-z) questionnaire comprises 27-

items which, when scored, result in cognitive anxiety, somatic anﬁety, and conﬁfdénce
subscale scores ranging from a low of 9toa high of 36. The lowest score which can
be achieved in (SCAT-C) is 10 and the highest 30. Children with trait scores of
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Fig. 3.1, Graphical representation of testing measurements and sequences. _ _ _
Time denotes minutes relative to.the commencement of play. Pre- and post- denotes pre-match and post-match measurements respectively.
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greater or equal to 25 (upper 25 percentile) were classified as ﬁossessing high tralt
anxiety while subjects with scores of less than or equal to 15 (lowet 25 percentile)
were classified as possessing low frait aniety. The relationship between trait and state
anxiety in the competitive situation was also determined in group three,

3.2.1.2 Degree of acclimatization to the heat

Degree of heat acclimatization was assessed by means of a questionnaire developed
| by the researcher, which elicited iiformation regarding the most significant
contributors to the acclimatization procedure i.e, exercise intensity, duration, type and

time spent exercising in the heat during the month before initiation of the study.

3.2,1.3 Parental questionnaire
The parental questionnaire was adminiéwred with the aim of obtaining information -
about the health statys of the subjects, type of reward system used by parents after a
child’s victory. in 2 tournament, and symptoms of anxiety prior to participation in a

tournament. A copy of this questionnaire is included in Appendix A.,.

3.2.2 Morphological measurements

The anthropometric measurements were taken by an experienced graduste assistant.
Stundardised calibrated anthropometric equipment was used to measure height and
skin-folds of the subjects.

3.2.2.1 Measurement of height

The subject’s &eight was measured using the portable stadio-meter (Holtain Ltd,
Crymyth, UK) and was recorded to the nearest millimetre. Subjects were measured
while standing bare-foot, with the heels in contact with each other and the ground, and
.the upper back and rear of the head in contact with the vertical SECt.iOIf'Of. the stadio-

meter.
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3.2.2.2 Skin-fold measurements | | o
The subject’s tricep, sub-scapular, su_pra—iliac, abdominal, front thigh, and medial calf
skinfolds were measured using a Harpenden skinfold thicknesses (Holtain Ltd,
Crymyth, UK) with a jaw pressure of 10 grams per square millimetre. The sum of
thé thiclq;éss of the six skin folds ‘were utilized to determine the sixbjéct’s percentage
body. fat (Yubasz, 1974). The fold of skin was picked up between the thumb and
wndex ﬁ.nger, and the calliper jaws were placed one centimetre from the ﬁngers'at a
depth appsoximately equal to the thickness of the fold. The skin fold was held
throughout the wneasurement and once the calliper indicator had become staady_, 2
reading to the nearest 0,1 mm was taken (De Villiers and Tobias, 1974).

'3.2.2.3 Measurement of nude body mass

‘The subject’s mude body mass was determined before and after tennis matches, usi'ng
the Seca 770 Alpha Blectronic Digital Display Scale (Protea Medical, Johannesburg).
a2 scale has a slip resistant mat, electronic digital display and is operated by a light
touch of the foot on the contact bar. The subjects were requested to urinate before
- the initial body mass measuremént and before the final measurement after the match.
Volume of urine voided by the player was obtained with the use of a méasuring
cylinder. | | |

3.2.3 Physiological measurements

Each member of the research team was responsible for a specific physiological
assessment. All equipment was regularly calibrated and particular care was taken to

ensure refiability and validity and to eliminate measurement and recording errors,

3231 T,
Pre- and post match T, was taken within 3 and 5 min of the subjects starting and
completing the match respectively, using standard clinical sterilised indwelling rectal
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thermometers. The rectal thermuineter were inserted 5 cm into the rectum aﬁd left
in place for a minimum of .3 min. The measurément followed immediately after the
.blood sampling. . This sequence was selected due to the lesser sensitiﬁty of T,
changes as compared to the potential changes of B?, especially after the match.

During the match the following physiological recordings and measwameniy were

recorded:

3.2.3.2 Measurement of fluid mgested by the player

Ad libitum liquid intake was allowed during the competition. The subjects were
altowed o drink only water. Labelled plastic cups were available for each player to
drink water during the piaying breaks of the match. The vdlume of ingested water
was determined by measuring the water intake by the subjects during the match to the
- nearest +10ml.

3.2.3.3 Measurement of HR response during tennis match -

Intensity of exercise was indirectly measured b_y monitoring the HR response during .
ielmis plé.y. The Karnoven Method (KM) was used in order to set the target HR
range (THRR) values of the subjects (Karnoven et al., 1957). With the KM, age and

its effect on the resting and maximum HR were taken into account: the THR (HR

training range fur cardiorespiratory improvements) was determined by taking a chosen
percentage of the difference between the Mmal and resting HR values and then
- added to the resting HR valfue and expressing the THR as percentage of HRmax. This

method of calculating the THR corrects for the nonzero vaiue of resting HR. Resting

and HRmax of the subjects groups were obtained from tables pubhshed by

Siegel(1988).

The Sport Tester PE 300 (Unilife) was used to rscord the HRR by means of
radiotelemetry and the PE 3000 (Polar) was used for the continuous measurement of

HR response in a subset of 13 of the subjects. Transmitters were attached to the chest
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by means of an élecu'ode belt, and the receiver was worn in the form of a watch on
* the subjects’ wrist. The duration of the periods during which the subject was within

certain predetermined THRR during the match Was recorded. The instantaneous HR

at the onset and conclusion of the 60 sec; !d ducing whlch the sample of |

expired air was coliected, was averaged and re]a‘ted to VO2 during the 60 second |

period. Exercise mtermty was determined from mean HR using the method described
| by Karnoven et al.(1957) ' \ ;j_"

3 2 3.4 Expired sample volume collection ‘

VO, and corresponding KJ eXandltl!rB durmg {annis games were assessed using the
open -circuit method of indirect calonmet.ty. '

The subjects were fitted with 2 two-way Hans Radolf mask (Model No,7910,Hans
Rudnlf Inc., Kansas City, USA) specifically designed for chitdren. It covered the
nose as well as the mouth of the subject (fig. 3.2). Inhaled atmospheric air passed
through a three way Otis McKeron breathing alve. The mask was connected with
tubing 1o a fight weight neoprene air collection bag (Dypamic kmage, JNB). A 60 ¢
neoprene bag was used for the children and 2 100 £ bag was used for the young
adu_its. The subjects had been familiarized with the equipment prior to the match to
ensure that they felt comfortable and relaxed wearing it while playing tennis and that

it did not restrict their movernent while on the court

The experimenter and two assista_ﬁts secured the neoprene bag and mask onto the
subject and recorded the duration of collection period (a minimum of sixty seconds)

by using a stopwatch and opening or closing the valve which regulated the influx of

expired air into the neoprene bag. Three to four coliections of expired volume, were. .

taken from each player in the neoprens bag. It took no more than 30 s for the

subjects o remove the neoprene bags and resume play.
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After the test, the neoprene bag was conngct~d {0 a rubber biadder.. A small fractivn
of the exhaled air was then diverted into the rubber bladder.. The neoprene bag was
then connected to a Harvard Dry Gas Meter Iand the total volume of the expired air-
was read off. The temperatore nf. the expired air was recorded during the
measurement of the total volume using an electronic thermometer (Physioterap, BAT-
12) which was placed into the outlet of the dry gas meter. |

A total of SO.samples. of éxpired air were coliected during tennis play. from: the 24

- subjects. The fractions of expired air collected in the rubber bladders, were analyzed
for relative coﬁcentrations of O, and CQ,. These values, togefifer with the recordings
of Vg (I.Inl.in"), barometric preémare and eipired air temperature, were used to-
calculate VO, consumption. Energy costs were calculated from the V0,, and the
equivalent KJ cost (per £ of oxygen) was calculated from the corresponding RQ.
:Formuia_s used for the above menﬁdned calculations are given in 3.4.

3.2.4 Biochemical measurements

3.2.4.1 Venous blood sample

The subjecis were permitted to consume a breakfast or a light meal 2 hours before
commencement of the matches. Whele blood specimens were taken immediately
before and after competition in order to detémi:ae blood glucose concentration, Hct,_
Hb concentrations and electrolyte concentrations (Na*‘, K*, Mg**, CI).

The subjects were in a seated position during the blcod sampling. A 13 ml whole
'blood sample of venous blood was withdrawn hypodermically from a superficial
forearm peripheral vein of the non-playing arm with a vacu-test system by a qualified
nursing sister. The tension placed by tourniquet application was released before one
minute after the vein was punctured, and before the Blood was .sampled in order fo

prevent mechanical increase in posteapillary resistanice which can raise mean capillary



pressure and causé“'a' net filtzation of venous blood flow withi resultui increase in the

Hct in relation to the durstion of occlusion (Mollison, 1983).

Six ml of the sample were placed into 2 I...ithium. Heparin wibe for the determination

of electrolyte concentrations (Na*, 'K*, Mg**, CI') and TPP content using the Biuret
 method and four ml of the sample was placed fato a ETDA tube for Het determination

- using an automated Technicon K" 2 system and for Hb concentration using an ;

| automated oou}ter S-H counter. A further three ml was used for the determination of
. blood glucose analysis levels usmg the Beckman Oxygen Electrode method

 The' prepered samples ‘were stored on 'ice and defivered to a biochemistry and

~ biochemical pathology !aborator;fbr immediate analysis. Two children refused to

have post match blood samples taken due tolfear 6f_ the invasive nature of the

. procedure.

3.2.5 Assessment of environmental conditions

3.2.5.1 Heat stress index

This was obtained using the Wet Bulb Globe Temperature index (WBGT) which
incorporates air temperature, humidity and radiation as measured. by three
thermometers; a dry bulb {DB), a wet bulb (WB) and a black globe (G) and was
detenmned with the use of the formula

WBGT index = 0.7T,, + 0.2T, + 0.1T,,
A Casellas whirling Psycﬁ&meter (London) was used for the measurement of dry and

wet bulb temperature. Relative humidity was derived using the wet bulb and dry bulb
temperatures.
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A mechanical Pyramgrapher (Sotar radiation recorder, Modei 3010 Sacr&manto
Californiz), was used to measure radiation in gm-cal. t:m'2 imn

3.2.5.2 Measurement of wmd speed | 4
This was obtamed using an electronic wmﬂ speed indicator (Turbo-Meber Hayward
Cainfarma), which measures wind speed in meters per second (m.sec’) and provldes
‘an msbantamous readmg when helc?m the air.

| 3.2.5. 3 Mz,asurement of atmospheric pressure

’I’hls was obtame.d usmg a Wallis and Tiernan barometer (Model ML/102/D,
Belleville, New Jersey) of known valldxty and reliability. The values were used for
the calculation of VO, and VCO,. Ateach experimental session the above indices of
temperature, wind speed and barometric pressure were recorded throughout the tennis
match The minimum and maximum values were then determmed fo prowde the

session’s range of yalues.
3.3  Laboratory analysis

The laboratory analysis included the deternxination of the rubber bladder’s volume and
the concentrations of O, and CO,. The volumes of the rubber bladders were
measured and added to the volume of the expired air (V) measured in each sérnple
of air collected. | This was done.using the principle of Archimedes. The rubber
bladder was inserted into a plastic bucket r.ontalmng water and the water displaced by
the volume of the rubber bladder was me. mured 'I‘he necessary corrections were
made for the volume of fhe empty rubber bladder and hand of the researcher (which

| were prewously measured).

Subsequently, the rubber biadder was connected to the gas analyser of the Oxycon IV
(Mij_hardt,Bunnik. I-Io!iand) to measure the concentration of O, and CQ, in the expifed
air. It was hypothesized that due to the time lapse from the time of coflection of
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B expired.ait uﬂtﬂ the timie of analysis some diffusion of gas might have taken»pl&e.
Thus, each rubber biadder’s diffusion rate, was pre-determined over a three hour
period. The estimated percentage of diffused gas was. added to the actal
concentration of CO, measured in the rubber gas collection bag. As no diffusion of
O, out of the bag was observed during the three hour period, it was not neccessary
to apply this correction factor to the O, conceniration. | |

The basic anthropometric, physiological and'. biochemical measurements were
substituted into formulae o obtain the derived morphological, physiological and
biochemical data. '

3.4.1 Body surface area
Predicted BSA was determined from the Du Bois Height-body mass Formula (Du
Bois, 1916).

BSA = 71,84 (M % x § =)
where BSA = body surface area (m®)
M = body mass (kg)}

S = stature (cm)

BSA/mass ratioc was calculated as m%Kg x 10.000.




3.43 Missloss ~— ..

L

3.42 Percentage body fat

The sum of the tricep, sub-gcapular, supra-iliac, abdominal, front thigh and medial

~ calf skin folds in millimetres were used (Y uhasz, 1974). The following formuia was

nsed fo determine percentage body fat:

" Percentage fat = [ T 6 skin folds x 0.1051 | + 2.585 (Yubasz, 1974)

[
AT

=

The nett body mass chaﬁge was used to. determine, the amount of mass-foss. The
change was corrected for the iiguid intake and urine voided during the match with the

- nse of the formula:

TML = IBM - FBM + LI- UV

where TML = total mass loss (Kg)
" IBM = inifial body mass (X2)
FBM =="_:'i"1na_1 body mass (Kg)
LI = liguid intake (£)
UV = urine voided (£)

This total mass loss included sweat losses, the respiratory tract water losées and the
metabolic fuel utilized. o

Sweat losses wers calculated with the use of the formula:

SL = TML - (MFU + RWL)
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where SL = sweat"ioés (Kg)
MFU = metabolic fuel ufilized (Kg)
RWL = respiratory water fss (Kg)

Sweat losses were assumed to include plasma volume water losses, the water released
from. glycogen breakdown and the metabolic water produced by mitochondrial
oxidation.

H

Puel metabolized(g) was éﬁlcﬁlated using the estimatgd.lmeagi energy expenditure (KJ
per £ ;)f 0,) and tire use of the correspanding non—péfein respiratory qubtient RQ)
for steady state exercise (Mc :"A;fdle et al., 1991) to determine the relative usage of
carbohydrates and fats. For the calculation of the quantity (g) of CHO and fut
oxidized, the follbwing assump*‘tons wete made: 17 KJ are released per gtam af
carbohydrate oxidized, and 40 KJ are released per gram of fat oxidized (Noakes et al.,

' 1991b). Respiratory water s was caleulated as 0.026 g.kJ* (Pugh, 1967).

Sweat loss in kg (mass) was converted to volume (f) by means of the formula:

V=M/D

where V = mass loss volume (£)
M = mass loss (Kg)
D' = density of sweat (1.003)

Sweat rate (£.hr) was determined by dividing the total sweat loss in £ by the duration
of the tennis match in hr, Sweat rate was estimated relatively in £.m2.hr! using the

formula: SR .
BSA

Water deficit (WD) was calculated by the use of the formula:
WD = [TML - (MFU + MWP)} / 2
where MWP = metabolic water produced (Kg)




o
The metabolic water produced by mitochondrial oxidation was estimated from the )
assumption that 0,55 g of water are produced per gram of carbohydrate oxidized and
1,07 g of water are produced per gram of fat oxiglized (Noakes et al., 1991b).
. o . I. . P

Following the recommendations of (Olsson and Saltin, 1970; Noakes et al.,, 1988;
1991b), water released from giycogen breakdown was not con#idered as water deficit.
According to the p_rocedure described by Noakes et al.(1988), it was assumed that
50% of the WD consisted of water released from glycogen breakdown. Thus, by
substracting this pei‘centage volume, WD, level of dehydratiqn and consequently more

accurate fluid replacement needs were calcolated.

Rate of water loss and fluid replacement was then calculated by expressing WD as a
function of duration of the match in hours (£.hr),

Percent deliydration was calculated as follows: % dehydration = WD / IBM x 100 *

3.4.4 Samplie metabolic calculations

A series.of f;;flhtﬂae were used to create programmes to calculate the \'?02, \.?'COZ, RQ
and energy expenditure (K Lmin). The data collected consisted of: Vg (ATPS);
barometric pressuré (mmHg); temperature of gas in the bag (*C); %0, éxpired air
(measured); %CO, expired (measured); %N, expired [ 100 - (%0, expired + %CO,
expired) 1. |

Vz (ATPS) was converted to V (STPD) with the use of the following equation:

» ¥ . P - P
Vg STRD = V,, ATPS (_273 ) (P2 = Puo
| 273 +T¢| | 760 |
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where T °C = temperature of the gas in the volume meter
273 = absolute temperature Kelvin
P, = the ambient barometric pressure

-PEI% = water vapour pressure

The vapour pressure (Py,o) of wet gas at a particular ambient temperature was
obtained from the relevant table (Mc Ardie et al., 1991) and was expressed in mmHg.

To determing VO, the following equation was used:
VO,, STDP = Vg, STDP[(%Ny; x .265) - %051 (Mc Ardle et al., 1991)
where %N,y = percent nitrogen in expired air computed from gas analysis as [(100
(%0 + %HCOY.
%0, = percent oxygen in expired air determined by gas analyéis
The carbon dicxide prbduct_ion per min ‘?}'CD2 was calculated as follows:

~ VCO,, STDP = V;, STDR(%CO,; - 0.03%) (Mc Ardle et al., 1991)

where % CO,; = percent carbon dioxide in expired air determined by gas analysis
0.03% = percent carbon dioxide in inspired air which is essentially constant

The non-protein RQ was calculated from the wormula
RQ = VCO/V0,

The absolute energy cost of competitive singles tennis playing was determined by

means of the formula;

EE = VO, x CE x 4.183



o where EE = energy expenditure (KJ.min™)
| VO2 = oXygen consumption (E min! STPD)

CE = caloric equnivalent per f 0, at the given steady-rate RQ
4, 183 kJ conversion factor

Estimation of the percentage and quantlty of fat and carbohydrate metabolized durmg |
each minute of tennis was used also o estimate grams of .at and carbohydrates
utilized, by multiplying VO, {STDP) thh the corresponding grams of fat and
carbohydrates utlized per ¢ of oxygen at the specific RQ (Mc Ardle et al., 1991).

3.4.5 Estimation of exercise intensity during the match

Exercise intenéity was indirectly estimated using the HR. THRR was set according
to the ACSM (1978) ci'iteriﬁ for developing cardiovascular fitness i.e. under the farget
(<60% of HRmax reserve), within the target (60-83% of I-IRma.x reserve) and o\rér _
the target (>85% of HPRmax reserve), Considering the problems arising from the
factor, age (section 4.3.3), the three THRR for group one and two (children) were
< 150 bpm, 160-190 bpm and > 190 bpm respectively whereas corresponding THRR
in group three (young adults) were <155 bpm, 155-185 bpm and >185 bpm

respectively.

Approximately 30 samples of expired air were coliected from each group and the
same number of HR responses were recorded in this study. Thus, regressioﬁ'
equations (Astrand and Rodahl, 1977) were applied to each group and to all the
subjects, in o der to compare and estimate mean VO-., betwen groups and during
competitive tennis play... Furthermore, the data were also used to compare exercise
intensity level in tennis with other type of sports.
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- 3.4.6 Calculation of percentage changes in BY constituents
during exercise
The Het value [the ratio of red cell volume (RCV) to the BV}, Hb and TPP’
concentrations were used to calculate intravascular volume responses and expressed

as a percent change from control values.

BV (fhe sum of red ceil and PV) changes were calculated from the Hb concentration
changes. Taking the initial (controf) BV to be unity and assuming no change in
intravascular Hb concentration, any change in pre- and post- match Hb concentration
in the blood were assmﬂéd to be due to BY changes, The following formula were
utilized for the above notation (Dill and Costill, 1974):

BV, = Hb, x 100/Hb,
%ABV = BY, - BV,

where BV, is assumed to be 100 mi

Taidhg into account the %ABV, percent changes in red 'cell volume %RCV after the
match were calculated with the use of the fermula __(Dill and Costill, 1974):

RCV, = Ht, x BV, / 100
%ARCV = RCV, - Het,

Mean corpuscular hemoglobin concentration changes (AMCHC)(the Hb concentration
in £.100 mi* of blood divided by the pﬁciced cell volume, expressed as a percentage),
were calculated in order to identify any changes in mean corpuscuiar volume (MCY)
which may result from altgrations in plasma osmolality (Costill et al., 1974). The
following formulae (Costill and Fink, 1974) were used: |
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MCHC, = Bb,/Het,
MCHC, = Hb /Hct,

The difference in cDncam:ratioui in MCHC,, and MCHC, was used to calculate percent
changes in mean corpuééular volume (f.iCV) {Costitl and Fink, 1974):

%AMCV = MCHC, - MCHC, / MCHC, x 100

Percent chatiges i PV were calculated from changes in both Hct and Hb to correct

for ~ay changes in cell volume that may be associated with changes in PV or
* osmolality (Strauss et al., 1951)

Hit:vJ> 100-Het,
= . - 2] -100
.%&PV ;00){ ‘_x 100-Het,

To identify if any loss or gain of TPP had occur;gd from the circulation, the expectéd
TPP concentration was calculated taking %APV into account. For example, if no
change in TPP had occurred, the increase in PV would imply(indicate) a TPP gain.
Calculation of the expected total plasma protein (TPPg) from %APV was obtained by
the use of the formula (Dill and Costiil, 1974): | "

TPPg = TPP, x 100 (+ or -} %APV / 100mi

Calculation of the trae %ATPP was obtained from the following formula (Dill and
Costill, 1974): '

%ATPP = TPPy - TPP, / TPP, x 100

In all the preceding equations, Hb was expressed in g.dl?, Hetin %, TPP in g.m!?,
and , and , refered to values before and after the match respectively.




Descnptwe statxstics (avemge standard devlatmn, muumum and ma:nmum values)
were used on measmed data obtained from the 24 subjects To detect any szgmﬁcant
dlfferences between pre and post-matches measurements, one sample t-test were
. petformed é,t a9B5% -coﬁﬁdence level. The Pearson product moment correlation
coefficient -was.'conductgd to determine whetber signiﬁcant relationships {p< 005)
between variables, were influenced post—métch-T,;, sweat osses and water ingested

bjr the ﬁlayers. Where a significant correlation was fbund (1<0.05), a simple linear

tegraséi'on was performed in order to predict values ot che related variables -%ﬁe way
analysls of variance was petformed to determine the significance of dlfferencw

' bet\& group means and pre- and post-match measurements between groups. Where.
. sxgmﬁcantF ratlos were obtamed (p<0 05), Scheffe’s multiple comparison tests were

applied to detect. where the differences emsted between the groups Step'anse'
regressmn analyms was used to determine the proportion of the total vanances in each

dependant variable that could be accounted for hy the measured variables. When

necessary, conﬁdeme levels were set to 90%_-due to the smail sample size of the

subject groups. .The above mentioned statistical analyses were performed using the

Statgraphics (STSC), version 5, computer programme {Rockville, Maryland, USA.,

1991}, '
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CHAPTER FOUR
RESULTS

41 ANTHROPOMETRIC AND PHYSICAL MEASUREMENTS
4.2 ENVIRONMENTAL MEASUREMENTS AND INDICES

43 PHYSIOLOGICAL MEASUREMENTS

4.4 BIOCHEMICAL AND HEMATOLOGICAL MEASUREMENTS
4.5 QUESTIONNAIRES

4,1 Anthropometric and physical measurements

Mean (+SD) anihropbmetric and physical characteristics of the three groups are
presented in Table 4.1. Raw dafa including pre- and post-match measurements of
the above characteﬁsﬁcs are shown in Appendix C.1.1. Post-maich body mass
measurements were significantly lower than pre-maich body mass measurements in

all groups (Table 4.9).

One way analysis of variance on the groups means (Appendix C.7.1) revealed
significant differences 01'!131 in age and height. Group one and two were younger
than group three, and group three characterised by greater stature than gmuﬁ two
(»<0.05). Mean body mass, BSA, BSA/mass ratio and percentage body fat
between the groups were insignificantly different (p>0.05).

Pearson product-moment correlations on anthropometric and physical variables are
presented in Appendix C.8.1. Only those correlations considered to be of relevance
to this study are included. From Appendix C.8.1 it can _be seen that stature is
significantly correlated with age and mass in all groups.



‘42  Environmental conditions

Recordings of environmeutal conditidhs i.e. T, Top and T, together thh the denved
ranges of WBGT mdex during the five data collection sessions are presented in Table -
| 42, Addmonal recorded envnronmental conditions i.e. humidity, baromemc
pressui‘e,- wind speed and ground temperaune_are présented in Appendix C.2.

WBGT index ranged from 13-19, The average ambicat temperz e ranged fom25'
to 28.5 "C, while relative humidity varied fmm 34 t0 70 percent Barometric
pressure fiuctuated between 635 and 643 mmHg. |




A

. Table 4.1: Mean (;i;SD) anﬂlropometm and physical eharaclenshcs of the three groups
of subjects (n-24) '

@=y  @=H @y |

Age (gems) 1279 128 0 us 1335
o ©3) 06 . Q4N .31

Mass ®g) 459 459 533 4841
- (62 W @ - @2

Height (m) - 1.60 1.54 166+ 1.60
©o7 - (009 - 008 - (0.09

BSA (m®) . 144 140 13 147
013 (0.19) ©.16) ©.17)

 BSA/mass ratio 313.7 305.0 296.4 303.7
| (146  (39.3) (20.3) (26.8)
% Body fat (%) 10.42 10.69 896  10.02
(3.59) (4.60) (2.78) (3.65)

+; significantly Gifferent (p<0.05) to group one and two

++: significantly different (p <0.05) to group two



——

42  Envionmental conditions
i

Recordings of environmental conditicas including Ty, Ty, and T,, together with the
‘derived ranges of WBGT index during the five data collection sessions are pi‘esenﬁed
- in Table 4.2, - Additional tecorded environmental condiﬁons including humidity,
. barmnemc pressure, wind gpeed and ground temperamre are presented i in Appendix
C 2.

WBGT index ranged from i3-’19 The average ambient temperature ranged from 25°
 to 28.5 °C, while relative humidity varied from 34 to 70 percent. Barometric
pressure fluctuated between 635 and 643 mmHg.

=S
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Table 4.2: Enmonme:ntai condmons durmg the five experimental -sessions: Amblent
Temperamre.

 Date ENE T, WBGT index

o ) “cy (cal.cm?.
' - min?)
Group 1 2.02.92 25285 = 22523 . 0516 18-19
Group 2 07.03.92 254256 20201 - 0.6-1 17-17
19.03.92 26275 1819 - 0515 1516
Group 3 26.03.92 24255 15516 0815  13-14
02.04.92 2527 15-16 \ 0.7-1.7 13-14

i
W

- - s, A,
S — — = ===

All values in T, T., T, and WBGT index are expressed as maximum and minimum

Ty Dry bulb temperature
Tep: Wet bulb temperature

T,: Globe bulb temperature

WBGT: Wet Rulb Globe Temperature index



4,3  Physiological variabl

The group body mass changes, recorded measurements and calculated water deﬁéit,
as well as estimated fluid replacement needs are presented in Table 4.3.1 and Table
4.3.2 respectively. The above fluid balance componerts are presented for each
subject, in Appendix C.6. 'e

on' average-thcéubjects (n=24) ingested 0.427¢ of watet, and the mean botal mass
loss was 0.907 Kg. It was calcu]atedthat sweat contributed 0.780 £ to total fuid luss,
whcreas respiratory water loss and metabolic fuel utilized accounﬂed for 0,120 £.
Calculated water deficits of 0.390 £ resulted in 0.80 % dehydration. Mean fluid
replacement needs of the snbjects (n=24) was determined to be O, 390(+0.141}¢
during the 90 min nf tcﬁms play (Table 4.3.2). Thisis aquwalent ic a rate of 1262
mi.hr? or +5.41 mbkgt.hrt,

The time(min) spent within each HRR of the groups and total group is shown in Table
4.4, Time spenf(min} within each HRR by the subjects is shown in Appendix C.3.
Related variables such as T.., recorded playing time are also presented in Table 4.4.

- The total group HRR are presented graphically in figure 4.1. The time spent within
each HRR are expressed in percentages. 'Fhe percentage of time spent within the
THRR, which is necessary _"Ifﬁr_ cardiovascular development (ACSM, 197%), is
presenied in the off-set piece included in figure 4.1. From the figure it is gpparent
that a very short time(min) was spent by the subjects within the targetHRR |

The HR measurements obtained Guring continuous testing in a Subsamﬁle of subjects

together with measured and related physiological responses are presented in Table 4.5.

Post-match T,, was significantly greater thm the pfe—m’atch' valve in alt groups
{(p<0.05) (Table 4.9). One way analysis of variance revealed that exercise intensity,
as reflected by the time spent within each HRR, did not show any significant
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difference between the grbups. -However group one spent relatively more time(min)

playing within the THRR than group two and three (33 vs 22 and 18min
respectively). The analysis also revealed significantly higher SR, dehydration (%),
total mass 1os§, and water loss (gr) in group one as compared to Ei0oup. two
(Appendix C.7.1). Perceat déhydﬁtiqn (total and .h™") was also significantly higher

in group one when compared to group three.,

Although significantly Jower oxidation of CHO was found m group two than in
group one and three, oxidation of fat was found to be significantly greater in group
two than in group oue and three (Appendix C.7.1). Met_aﬁolic water released from
fuel oxidation was significantly lower in group two than in group three.

One way anslysis of variance indicated that pre- and post~matcﬁ T, were
insignificantly different between the three groups (Appendix €.7.2). It was also of
interest to test for time dependency in T, control measurements. A one way |
analysis of variance on pre-match T,, after grouping the subjects accordingly to
recorded time of T, revealed that T, was also insignificantly different (p <0.05)

between morning and afternoon measurement sessions.

Pearson product-moment correlations on post-match T,, conducted in the three |
subjecs groups are presented in Appendix €.9. Time(min) spent within the THRR
and over the THRR in group one, were the only variables correlated significantly
with post-match T,, (p <0.05). |

The simple linear regression equations of HR-VO, relationship of each group and
in the total group are presented in Appendix C.10.1. The regression line of total
group is shown in figure 4.2, In addition, simple linear regression equations of
physiclogical variables within the groups are also presented in Appendix C.10.1.
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eBackwérd stepwise regression equations were determined for post-match T, and
sweat loss. The subjects in group one dlsplayed the least variability in exercise
1nbens:ty compated to the other two groups 'I'herefnre multlple hnear regmsmoﬂ '
equations of T, and s_weat loss responses were only applied to gro:__‘-p one. Two '
sighificant models were detected (Table 4.6). It was seen that final T,, could be
predicted from time spent within the THRR and from time spent under the THRR,
Sweat loss could be predicted from total dehydration (%) and ﬁ'om post-match T, .
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Tahle 4.3.1: MeanHSD) measured total mass and fluid losses of the three groups of

subjects (n=24).
IBM (Kg) 45.91 59 5338t 43.41
(6.27) (10.99) (8.94) 9,27
FBM (Kg) 45.32 45.73 s2.13** 4195
(6.24) (10.91) (8.71) 9.12
ABM (Kg) 0.59 0.20% 0.65 0.48
©.13) ©.2) (0.28) 0.29
LI (8 0473 0.503***  3.306 0.427
(0.189) 0.236) . (0.102) ©.197)
LI (2.he) 0.318%+  0.340%* 0204 0.286
LI (mL.Kghrt) 6.92 7.40 3.8 5.90
Uv () 0 0 0 0
TML (Kg) 1.063" 0.703 0.956 0,907
(0.188) 0.243) - (0.307) (0.258)

et

IBM initial body mass; FBM: final body mass; ABM: change in body mass, L llquui intake;
UV: urine voided; TML: total mass loss

*+ p<0.05 G2 vs GI and G3; ¥+ p<0.001 Gl vs G3; *** p<0.001 G2 vs Gl and G3;

* p<0.001 G3 vs Gl and G2; ™ p<0.05 G1 vs G2
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Table 4.3.2: Mean{4-SD) calculated and estimated fluid osses and ﬂmd replacemem need:s
in the three groups of subjects(n=24).

- = ————

(n (n=8) 8) (n== )

MFU (Kg) 0079 0053+ 0.001 0.074
| L0023 (0053  (0.015 (0.022)
MWP (8 0.051 0.043*+  0.059 0.051
©014)  (0.010)  (0.00) 0.012)

RWL (£) 0.045 0.040**+  0.052 0.046
| @01  (0.009) (0.007) 0.010)

SL () 093" 0609 0813 0.786
©.189) (0243  (0.32) (0.282)

SL (£.hr) 0.631° - 0411 0542 0.528

Playing time(inin) 89 88.7 20 80.3
(13.2) 0.89) © (7.33)
WD (&) 0.465" 0303  0.403 0.390
0.005) (0122  (0.162) ©.141)

Deh., (%) 1.01™ 0.65 0.74 0.80
0.19) ©.19) (©.29) (0.25)

Deh., (%.hr) 0.68"* 0.44 0.49 0.54
ERN (¢) 0.465" 0.303 0.403 0.390
©.095 (0122  (0.162) (0.141)

FRN (£.br) 031 0204 0268 0262

FRN @lKg'hr')  6.81% 4.04 5.02 5.41

MFU: metabolic fuel utilized; MWP: metabolic water produced; RWL: respiratory water loss;
SL: sweat loss; WD: water deficit; Deh: dehydration; FRN: fluid replacement needs

* p<0.05 G2 vs G and G3; ** p<0.05 G2 vs G3; *** p<0.05 G2 vs G3;
* p<0.05 G1 vs G2; ™ p<0.001 G1 vs G2 ™ p<0.05 G1 vs G2 and G3;
! 9<0.05 G1 vs G2; # p<0.05 G1 vs G2 and G3
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Table 4.4: Mean L_SD) ﬁmespentunder wnﬂnnandaboveﬂle targetHRzaneandT
changes of the sub]ects ®=24).

U, THRR(min) . 5537 6.5 1.6 6438
- (@3.073) 13 @28 . (18.55)
W, THRR(min) 3312 2087 1837 2438
 (15.45) @12 (17.3) (21.39)
O, THRR(min) 0.43 1 0 . 048
- (1.23) e O (1.75)
Playing time(min) 89 Y 90 29.25
| - (13.2) (0.88) o (7.33)
Pre-T,("C)  37.48 37,42 37.28 37.4
M 020 029 02
Post-T,, ('C) 38.23 38.17 3 3B
030 0 (0.16) ©23) 0.25)
AT, (O 0.75 0.70 0.75 0.73

0.35) 0.25) ~ (0.19) 0.26)

U, THRR: under the target heart rate range; W, THRR: within the target heart: rate range
O, THRR: over the target heart rate range; Pre: before the match; Post: after the match



_ Table 4.5: Mean HR of continuous HR recordings ﬂurmg the 90 min of play and VO,, carbon. dioxide production and related measurements

taken at selected intervals during the 90 minute period of play (n=13).

Gr. | Sub. HR VO, VO, vCo, I?zw Total KI K.Tn.a!;r" KI.Kg" Playing'
| ‘bpm £Xg'. | fmint | famin® | " sain? time
(X,SD) min ' (min)

1 | KR 154(13) 22.56 1.26 112 | 0.89 | 2134 1561 0.46 82
B.C 158(14) 24.02 0.94 0.85 | 091 | 1862 1165 0.49 96

B.D 152(17) 22.69 0.84 0.74 | 0.8 | 1540 1039 0.46 8

B.R 162(13) 24,82 1.19 1.08 | 091 | 1724 1476 0.51 70

2 | MJ 17106) | 2463 | 066 | 056 | 085 | 1239 816 0.50 91
GH 113(19) 14.38 0.83 062 | 075 | 1456 991 0.28 88
EZ | 12702 17.14 083 | o064 | 078 | 1477 996 0.3 89

SW 143(14) | 19.75 0.74 059 | 086 | 1339 876 0.39 90

3 |KK | 13305 | 2062 | 108 | 101 | 094 | 203¢ | 1356 | 042 90
D.G 146(13) 23.01 | 1.06 1.01 | 096 | 2005 1335 0.48 90

AR 147(16) 2219 | 095 0.84 | 089 | 1762 1175 0.45 90

P.J 155(12) | 24.66 1.08 1.01- | 094 | - 2051 1353 0.51 90

CR 126(15) | 19.34 1.13 1.02 | 091 | 2264 1408 | 0.9 90

X 145 21.52 096 | 08 | 087 | 1760 | 1100 0.44 88
SD 16 3.17 0.18 020 | .06 328 403 0.07 6.1

83



Table 4.6: Stepwise regression equation on final T, and SL of group one (n=8).

39.

Response  Equation _ . .- SE (Adj.R?)
variable _ :
Final T.('C)" ¥, = 36.836536 + .02526X, +- 012 081

' T +.01003X, — o
Sweat loss(f) V¥, = 11.580 + A(2.263077X,- 15 07
| - 300.8067773%, . -

The predictor X,, Xy, X, X, vaciables represent:
| X, = min spent within the target HR.R.
X, = min spent under the target HRR
.Xs = total dehydration (%)
4 w final T,
SE: standard error of estimation
Adj.R,: adjusted squareﬂ multiple correlation coefficient

n: ﬁumbers of observations



The group mean and standard deviation_ of the pre- and post-match hlood Het, Hb,
glucose, TPP and electrolyte concentrations are shown in Table 4.7. The derived
percentage changes of the above measurements and BY csmpartmems are shown in
Table 4. 8 Furthennore the ahove pre- and post-match measurements of the Sllbjects
as well as the derived calculated BV compartment changes are presented in Appendix

C.5.1t0 C.5.3. |

Insignificant changes in Mg** were oLkecved in all groups (Table 4.9). However,
significant changes with different significance levels (p<0.05; p<0.001) were
observed for the other paramefers. These include the significant rise (p< 0.05)
between pre- and post-match measurements in Na* (group one and three), in CI
(group two and three) and TPP (group one). Although, fluid ingested by the players
did not contain sugar at all, post-match blood glucose levels were significantly higher
in group one (P <0.d5) and they were insignificantly changed in group two and three
as compared to the pre-match blood glucose levels (Table 4.9). Tﬁe increase in
blood glucose level in group one, who also spent the most time within the THRR, was
0.71mmol.1?,

Since measurements of Het and Hb blood parameters were not conducted in group
one, it was not possible to assess whether differences in PV and BV responses existed
in tius group. However, analysis of variance showed that percent ATPP calculated |
from percent APV changes.was significantly iﬁgher {p<0.05) in group twé and three
(Appendix C.7.1). Furthermore, the analysis revealed that group three ﬁad
significantly greater MCV and RCV changes than group two but Hb, Het, BV and PV
changes were insignificantly different between the two groups,

One way analysis of variance on the base~1ine‘Hb, Hct and TPP values did not reveal
significant differences between the groups (p>>0.05). However, pre-match biood
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glucose levels of groups one and two show signiﬁcmtly‘ lower vah.lgs thar group three
.. (Appendix C.7.2). |

~ Pearson pfoduct—moment correlations analysi's revealed that percent AMCV was

- inversely _'strdngly_ related to percent ARCV in groups two and three (Appendix

C.8.2). Furthermore, in both groups MCV was found to be iﬁversely related tb

- MCHC. Percent ABV was positively stmngly related to percent APV, which, in turn,

was also strongly positively refated to percent APV The detected posmve correlatlon
between percent ABV thh percent APV and percent ATPP 18 dxsplayed by the

_regresswn equations in group two with the exception of the percent ABV and percent |

ATPP regression equation in group three (Appendxx C.10. 2).

Lastly, as biochemical constituents and BV compartment changes were not found to
discriminate significantly, the formation of a muitiple regression equation was not
: applicable. This rhay have been due to the great sensitivity of the blood constituent
changes in terms of posture, type and intensity of exercise.




Table 4.7: Mean measured concentrations of selected blood and plasma electrolytes of the three subject groups (1=24).

0.08)

0o

(0.06)

(02

Variables pre post pre post pre post pre. _post

Hb (g.dI) - - 1387 = 13.87 1420 1431 14.03 14,09
| - - ©.43) (05D 0.89)  (1.06) (0.70) (0.85)

Het (%) . - 36.86  36.81 37.27 36.93 37.06 36.87

- - (1.53) (157 .50  (2.62) (2.01) (2:09)

* Glucose (mmol.£) 430 502 4,16 4.85 5.76 526 4.67 5.04
0.68) (0.54 0.85) {107 ©.7)  (0.71) (.07 (0.76)

TPP (g.8) 815 856 75 T3 79.4 7.1 1947 804

, | 250 @03) (3.le (3.6 6.24) (407 @432 . (5.15)
Na (mmol.£1) . 1443 146.1° 139.2 1393 1401 1418 141,25 142.13
| - C(L.68)  (1.16) (1.38)  (2.06) 155 Q7 2.7 (3.21)

K Gamol.£") 42 42 373 378 373 30 389 . 3.86
024) {6.22) 024 022 029 (0.2 033) (029

C1 (mmol.£*) 1093 1120° 1071 1086 1077 1105 1080 1102
, 2.13) (167 (1.88)  (1.99) (190 (.07 212 (230

Mg (mmol.£%) 102 104" 099 096 089 091 096 096
(038)  (.053) (0.08) (.025)

Values are expressed in mean (SD); *: n=6; *:n
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= Table 4.8: Meau{;l;SD) of measured and derived percent Hef, Hb, TPP and blood volume

compartment changes of groups two and three (n=16).

4

Group 2

| | e
Variables . '
Hb 8.75x10° 0.743 0.37
N (2.98) 1.87) {2.43)
" Het 0.1 0332 - 0,21
2.87) @.11) 2.44)
TPP* 017 ‘1418 0.50
- (1.63) (2.80) 2.26)
BV 0.028 0.8 038
(3.23 . (2(.00)_ (2.62)
MCV 0.085 131 095
- ©.99) (L16) (1.34)
RCV 0,080 -1.62 -0.38
0.86) (21) a2
Y '0.15 021 0.3
(4.85) @.78) (3.82)
TPP* 0,022 1.91 0.80
(3.90) 4.26)

(4.59)

Values are expzessed in: X

(SD)

*: caiculated from in-e— and post-match TPP values, *: caleulated from PV changes




Table 4.9: Differences in pre- and post-match body mass, T,,, values and selei:ted blood constituents w:thm each group as derived from
a paired samp!e t-test analysns m=24).

e by et

Parameter Me NS p<G.05 p<OG0@ - gctualp n
Group 1 Body mass (Kg) -0.58(0.13) ** 5.52807x10° 8
T. ("0 +0.75(0.35) ** 5.14887x30* - 8
Naf{mmol. £ +2.16(1.60) * ' 0.021177 6
K (mmol.£) © 0.06(0.05) | * 0.025031 6
€1 (mmol.£") +2.33(2.33) NS ' 0.058293 6
Mg (mmol.£7) +0.13(0.47) NS 0.560041 ]
Glucose(mmol. £) +0.71(0.57) * 1 0.027590 6
TPP (g.£1) +4,66(1.63) *E 9.16747x10* 6
Group 2 Body mass (Kg) 0.2(0.2) * 0.025463 . 8
T. (O +0.71(0.26) -- b 1.23512x10* 8
Na (mmol.£) +0.12(1.72) NS 0.843605 8
K (mrool .£) -~ +0.05(0.25) NS 0.598331 8
Cl (mmol. £} +1.5(1.77) * - 0.047944 8
Mg (mmol.£") -0.02(0.05) NS - 0.155648 8
Hb (g.dl) 0(0.41) N8 -1 8
Het (%) -0.05(1.03) NS 0.895587 8
Glucose(mmol =1 +0.68(0.96) NS 0.082785 8
TPP {g.£) -0.12(1.24) NS 0.784882 8
Group 3 Body mass (Xg) -0.65(0.28) A 3.71875x16* 8
T, ("C) +0,75{(0.19). *k 1.13281x10° 8
Na {(mmol.f™") +1.75(1.66) * 0.209376 8
K {mmol, £ -0.03(0.35) NS - 0775811 8
Cl (mmol. £1) +2.75(2.25) - * | 0.010633 8
Mg (mmel. £ +0.02(0.08) - NS - 0:505239 8
Hb (2.4  40.11(0.26) ‘NS 0276428 8
Het (% -0.33(0.68) NS : 0.205736 8
Glucose{nimol.£?) -0.5(0 82) NS - '0.131425 8
TPP (2.4 -0.83(4.11) . NS 0.641215 6
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4.5  Questionnaires

4.5.1 _'T;IE'ennis participation and parental response to questionnaires

Group one commenced tennis playing (Table 4. 10) at a significantly younger

age than group two and three_'(p'<{_).05)~ An analysis of variance also revealed
significandly (p<(.05) more years of playing teanis in group one when -
compared to group two. | " |

Higher perc_éntage frequencies were found in group’,_\;bne and three with respect
to paternal participation in tennis (Tabie 4.11) when conipared to group two.
Two subjects from group three reported the use of an éxtrinsic type of reward
system. The remaiﬁing 91% of the total group therefore relied solely on
intrinsic factors, Furthermore, a higber percentage frequency in pre-
cotnpetition behavioral problems was displayed by the subjects in group three,
compared to the lower incidence of these symptoms in group one and two,

Seventeen (16.6) percent of young tennis players reported possessing asthma in
this study.

4.5.2 Acclimatization

All groups reported to perceive their activities as high in intensity ( >75%)
during the last twol months. With respect to frequency of play (times/week),
* the majority of the subjects reported at Jeast thres to four exercise sessions per
wesk performed during afternoon hours (14h00-16h00), These included tennis

as well as a variety of other sport activities within the school context,



4.5.3 Trait-state anxiety

Mezn and standard deviation of the trait anxiety questionnaire responses are
presented in Table 4.12. It can be seen that all groups experienced moderate
trait antiety levels (X= 21, SD=4.1). |

 Table 4.13 shows that a significant relationship was only found between trait

anxiety and somatic state anxiety response (r=.92) and between self confidence

. and cognitive state anxiety response (r=.92). Responses in both trait and state
anxiety were obtained from only six subjects of group three, since only these
subiects participated in official competition after this study and since 2 state
" '.-f_-:‘»dety questionnaire was only available for this sge group \(X“= 14.8yrs).

Interestingly of the six subjects all of whom were defeated, four possessed the
reported pre—coinpetitive behavioral symptoms and two obtained an extrinsic
reward from their parents. Although the behavioral stress symptoms and
performance outcome may have been interpreted as indicators of high levels of
competitive stress, high trait and state anxicty responses were not present in the

questionnaires,



Table 4.16: Tennis participation of the threé groups of subjects (n=24),

ins -
—_ ===

|

Group 3 Total Group
@=8) (n=8) (n=8) - (=24)
Present age {ys) - 12.8(04) 12.8(0_.6) - 14.8(0.5) 13.3(1.3)'
Starting age Oms)  6.80.8)  9.2(1.0)  9.2(L2) 8.2(1.7)
Playing experience  5.9(L5)  3.6(1.2)  5.62.7) i

(yrs)

Values are expressed as means(SD)

5.02.1)
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Table 4.11: Asthma, father’s te.nms part.u:ipation and related competltwe amdety .

variables of the three sub;ect gmups (n-24}

- (ﬂ*‘—s)_ : '_(11"'8_) (n=8) {n=24)

£ af §f % £ %f £ %
Asthma 2 25 1 13 1 13 4 17
o . . . K :[-'#. ‘n\,
Paternal tennis” 5 6 , 0 0 4 50 9 38 !
participation : : _ 7
Pre~competition 1 13 2 25 4 50 N 7 29
behavioural C : A .
problems . _ | 1& 7
Intrinsic(RS) § 100 8 100 6 75 2 92
Extrinsic(RS) o 0 0 0 2 25 2 83

f: frequency; %f: percentage frequenicy; (RS): reward system .
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Table 4.12: Mean{+SD) trait anxiety scores (n=24).

Laow trait - 2 - -
Moderate trait ~19.0(3.7) 18.2(4.4) 21.04.1)
anxiety - | o
High mait - - -

Means ard standard deviation for trait anxiety scores as achieved in the Tilinois Competition
- Anxiety Test. The lowest score is 10 and the highest 30. Children with trait scores of greater
or equal to 25 (upper 25 percentile) were classified as high trait anxiety while subjects with
scores of less than or equal to 15 (lower 25 percentile) were classified as lIow trait anxiety.
One way analysis of variance on group means revealed no significant difference between the
groups (p<0.05).

{1,



Table 4.13: Relationship between trait anxaet_v and state anxiety subcomponents of group

4. Cognitive state
anxiety

three (n—6) ,
— . .
:QM—M ificancs level .
m | Self confidence: Somatic"staté' | Cognitive
1. Trait anxiety -.1106 0292 .06
o (.8348) (.0073") (.8975)
2. Self confidence 087 9290
* . (9750) (0074%
3. Somatic state -, 1692
a_:uety (.7486)

The competitive state anxiety inventory (CSAI-2) comprises 27-items which, when scored,
results in cognitive anxiety, somatic anxiety, and confidence subscale scores ranging from
2 low of 9 to a high of 36. Further analysis revealed no significant differences between the
subcomponents of the state anxiety level in group three (p<0.05).

* p<0.05
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DISCUSSION

5.1 MORHOLOGICAL OBSERVATIONS
5.2 QUESTIONNAIRES

5.3 PHYSIOLOGICAL OBSERVATIONS

54 BIOCHEMICAL OBSERVATIONS

55 FLUID REPLACEMENT NEEDS

5.1  Maomphological observations

5.1.1 Anthropometric and physical characteristics

The very strong positive correlation between body mass and body stature (r= .97,
p<0. 001) (Appendix C,8.1) confirms the findings of Copley(1980). However, due
tothegreatvanablhtymgmwthrates theuseofbodymasstopredlct
morphological and physiological parameters would not be considered as appropriate
for the subjects investigated in this study. |

" As can be seen from Table 4.1, the players of above avel'age tennis ability (groui)
one) were on the average, taller than the players of average tennis ability (group
' fwo) However, this difference was insignificant and thus could not be attributed
fo contmuous tennis participation, especially as the subjects monitored in this study

were possibly experiencing developmental growth spurts
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5.1.2 Skinfolds and percentage body fat

The differences in upper and lower body skinfoid tluclmessa betweerl the groups
were mmgmﬁcant (p>0.05) and all three groups exhibited low percentage body fat
. levels (Table. 4.1). These findings must, however, be evaluated in terms of the
specific formula utilized (Yuhasz, 1974) and according to the increased ratio of lean
body mass to body fat mass which is characteristic of the growth period of the
subjects. Differences in fat deposition between the subjects could also be attributed
to genetic predisposition and diet (Mc Ardle et al., 1991).

5.2  Questipnnaires

The questionnaires administered to the subjects attempted to describe the response and
attitude of the young tennis piayers towards competition. Although the tension and
stress associated with competing in an individual sport such as tennis is far greater
than that of a team sport (Griffin, 1972), the subjects, on average, experienced
moderate trait anxiety in response to competitive situations (Table 4.10). Only one
player (KW) scored a value which indicates 2 level of high trait anxiety which -
according to Roberts(1986), can result in a decrease in the athlete’s physical energy
level, performance level, as well as his enjoyment level. The parentat que'stionﬁaire
of this subject, con-ﬁrmed that the child was experiéncing certain behavioral problems
prior to competition such as low self esteem, anxiety, moodiness, and decreased
appetite, It is pr-cible that this individual’s greater anxiety may also have resulted
~ from stréss credte.d by parents, coach or league administrators emphasizing the
importance of winning (Doganis, 1988; Martens et al., 1990). Inability to meet the
demands of competitivc situations in order to obtain the favourable outcomes that
were perceived as more important to this subject than to the other courpetitors
(Martens, 1988), may also have played a role.
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1t is well described that subjects with moderate trait anxiety responses will respond
‘with moderate state tra_it anxiety Tesponses {Martens et al., 1990) a_nd that significant
relationship exists between trait émciety and state somatic anxiety !evél (Maynard and
Howe, 1987; Karteroliotis and Gill, 1987). This was confirmed by the findings of
this study in which a correlation of .92 (p< 0.01) was obtained between trait anxiety -
and somatic state anxiety (group three) (Table 4.13). According to the inverted -U
theory (Yerkes and Dobson, 1908), the moderate state anxiety levels of the subjects
in group three, however, may not bave been optimal..for succesfil perfbnnanca. In
addition, the physiologic: factors and/or tack of technical and tactical skills may have
contributed to the peor achievement levels of this group, who Wére described as

‘undeﬂachiévers_’ by their coach.

The mean trait anxiety levels of the three groups and the mean state anxiety levels of
the six subjects in group three are within the normal moderate anxiety range for trait
and state anxiety levels, according to age group as given by Martens(1977).
However, more attention ought to be paid to the individually stressed child. In the
case of this child, the theory of ZOF (Hanin, 1986) explaining the anxiety-
performance relationship may be more appropriate, Early signs of stress should be
recognized and stress management procedures followed (Martens et al., 1990).

It was also recorded that seven subjects came from families in which the father
participated in tennis (Table 4.11). This supports the notion that the sport or form of
ﬁhysical activity played by the father plays the greatest motivational role in a child’s
participation and selection of dominant sporting activity, especially with respect to
boys (Doganis, 1988). | . |

In this study the use of exirinsic revéard systems (e.g., material, money) was absent
(Table 4.11). This observation efiminates the possibility described by Sage(1977) that
the substitution of intrinsic motives by extrinsic ones can lead to withdrawal from the

sport, due fo the absence of the initial intrinsic motives, when extrinsic motives cease.
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On the other hand, based on the contention of Doganis(1988) that withdrawal of
e:c&imic rewards or changing one’: perceptions of the significance of «ese rewards,
can reduce levels of state anxiety, the only moderate anxiety levels of the subjects in
this study may have been the result of the absence of an external reward system.

- Tha most signiﬁé_ant finding of the questionnaires admi.nistrated.to the three gﬁmps,
was the absence of high state and/or trait anxiety ievels. This is of particular
relevance in assessing physiological responses to 90 min of tennis play in these
subjects, As these levels were only moderate, it is unlikely that roean HR and/or VO,
levels during play wolld have been greatly influenced by the psyéhological status of

. the players. '

53  Physiological observations
5.3.1 Heart Rate

Based on the method described by Siegel.(1988), the mean 13.3 years of age and the
mean HR response of 145bpm in these subjects, resuited in the derivation of a mean
inten,éity of éffort of 55% of the age adjusted HRmax reserve. This is not within the
60%-85% range of HR max reserve recommended by the ACSM (1978) for optimal

cardiovascular development.

As studies have pointed to int sy of exercise as the single most important
consideration in cardiorespiratuty .conditioning (Faria, 1970; Sharkley and Hollenman,
1967; Shephard, 1968) and it has been stated that the same exercising components
(intensity, duration and mode) that are applied to adults should be appl.ied to children
if the aim is to develop the cardiovascular fitness in children (Bar;Or, 1983; Rowland.
1985; Ross and Gilbert, 1985; Mc Keag, 1991), a fundamental criterion for optimal

cardiovascular development was not accomplished.
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However; an important finding of this study was the relatively low time period spent
within the THRR during the 90 min of tennis play (Table 4.4; Figure41)
Appmxlmatelyonethxrdofthe mtzlduratlonoftenmsplay(le 24.3 min, SD=
21.3min) was played within 60-85% of HRmax reserve. ‘The ACSM (1978)
recommends that the duration of continuous aerobic activity within the HR range
 should range between 20 and 60 min. It must, however, be taken into account that
themm24.3;nmpeuodofplaydunngwhmhﬂle}mrangewasbetweenthe
* recommended 60-85% of HRinax reserve, was spread over 90 min of match play and
- can therefore rot be equated with 20 min of continuous activity within the prescribed
HR range In this respect, it is questionable whether tennis meets thé ACSM (1978)
criterian of duration for optimal cardiovascular development.

One could atiribute this low HR response o the fact that tennis maiches were
simulated during 2nd, 3rd, 4th and 5th s&sﬁons, and that the accompanying lack of
motivation in the subjects may have resulted in subjects not playing at maximal
effort, as would have been the case in real competition. A finding which is
discrepant to this theory is, however, the mean HR response of group one who
participated ina fighly competitive Round Robin Tournament. In one of the tennis
players of group one (i.e. subject KR, ranked nu~ ber 10 in his age group in South
Africa) a HR of less than 60% of HRmax reserve was recorded for 57 min and for
only 25 min of play, was the HR range within the tai'get zone of 60-85% of HRmax

TEsCrve.

In the interpretation of the low HR response two additional factors should be taken
into account: Firstly, it is well described fhat during an identical time period in
which the same amount of work is performed, the mean HR during intermittent
exercise is higher than during contint.. .5 exercise (Astrand et al., 1960). Secondly,
at a given submaximal VO,, the HR dining arm exercise may be 10-50 bpm higher
than that during leg exercise (Asmussen and Hemingsen, 1958; Clausen et al., 1973).
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With regard to mode, the reéﬁmmendation of tae ACSM (1978) is that the exer;:iSe
type include primarily large muscle group activily. As tennis is'a combination of
locomotor activity involving the farge muscle grotlps of the lower extremity and non-
locomotor upper limb activity which may not recrpit as large a proportion of lnrge
' musclergroups, itis to be._ questioned whethér u.d ode of exercise is suited to
- cardiovascular development. Hovéféver, as the intensity of effort is dependent on the
amount of locomotor activity in a specific gamé and is not consistent, it cannot be-

standardized and is highly variable between games and between individuals,

From the findings of this study, it con therefore be concluded that during simulated
and competitive tennis match play, this sport does not appear to meet the ACSM
(1978) requirements for optimat mr&o@u developmenf and does not support the
classification of the Committee of Sports Medicine (1988) thaLtenms is a "strenuous
- child sport”.  Due to the limited sample size of the players participating in the highly
competitive Round Robin Tournament (only 8 subjects of the 24 subjects monitored),
further work is, however, required to establish whether highly competitive tennis
match-play in young tennis players meets the requirements of ACSM (1978) and
supports the classification of the Committee of Sports Medicine (1988). Although
studies of Seliger et al.(1973), Dorherty(1982) and Bergeron et al.(.1~991) indicate that

thig is not the case, these studies were performed on adualts and not on children.

1t is of interest tha't the mean HR response during tennis play recorded in this study
(145bpm, SD=16bpm) (Table 4.5), is identical to mearn adult mate HR responses in
the stedy of Bergeron et al.(1991) which was performed for the same duration of
tennis play, but under more temperate environmentai conditions (ambieilt
temperature= 17°C). Vith the exception of the work reported by Seﬁger et
al.(1973), the recorded HR response in the young subjects ino_rxitored in this study
was Iower than those previously reported in adults (Dawson et al,, 1985; Elliotetal.,
1985; Therminarias et al., 1°°1). In view of the fact that the above studies [with the
exception of the study of MMM et al.(1985) in which the WBGT index was 30.9
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‘and relative humidity; 677 were performed in a temperate environment, an
- overiding factor to wh | i'higher HP, response may be attributed, is the greater
mean body ..ﬂass of adults and therefore grmter muscle mass recru1ted when
compared to that in chﬂdren

The findings of this study; however, conflict with those of Friedmar: ét al,(1984)
 and Eliot et a1.(1985). It is possible that this contradiction may have been due to
the Jack of standardization of the methed us~d to predict the percent of HRmax
resérve. The caleulation of a particular fraction of the HRmax may result .in a .
significant overestimation of exercise intensity when the resting HR (the non- zero
value of resting HR) is not taken into account (Davies and Convertino, 1975). The
methed »sed to predict HRmax was not speci_ﬁéd in the studies.

HIRmax can vary from 180 to 234 bpm in healthy children (Cumming and Hnatiuk,
1980). It is therefore recommended that the commonly used formula (HRmax=
220-age) be re-examined in terms of its appﬂcaﬁnn to children.

This study took into consideration the degree of the effort exerted by the players,
the age of the players and the environmental conditions in which the study fook
place. Absence of control for age and environmental conditions is, however,

evident in the previous studies of Friedman et al.(1984) and Seliger et 21.(1973).

Within the limited scope thereof, a limitation of this stuc_iy. was that it was not
possible to measure préclsely each individual’s resting HR and monitor HR response
to v ndardized increases in workload in a laboratory. It was therefore necessary
to rely on estimation of HRmax reserve according to the recommendations af
Siegel(1988) which takes mto account age m the predlctwn of resting HR and

HRmax of the subjects
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Besides the exmise. mode, duration and intensity, other underlying mechanisms
which may inﬂuée the HR response, include ehviromnental conditions and
emotional status of the subjects. |

Itis _well _do_cumen_tcd that enviromnen_ml -teinperémre bas an indirect effect on HR;
the increased T, excites the heart muscle with a resulting increase in HR (Guyton,
1986). - As the environmental conditions in this study (Table 4.2) were be classified

,as teniparahe, it is assumed that a subsfantial effect dn the HR response, was not.
applicable.

It i}; well known that emotional stress can also effect the HR response to exercise,
with children showing greater rise in HR than adults (Sans, 1986). As the subjects.
of this study subjects were clasmﬁed as experiencing moderats levels of anxiety "
axcording to the anxiety questionnaire responses (Table 4, 12), this factor is unlikely
to have contributed significantly to the HR response in this study.

With regard to the HR data obtained in this study it can thus be concluded that the
moderate mean recorded exercise iﬁhensity of 55% of the age adjusted HRmax
reserve, the relatively low time period spent within the target HR range and the
intermitient exercise mode are of overriding significance and apgear to indicate

limited possibilities for optimal cardiovascular developmenf during tennis play.

5.3.2 Oxygen consumption

In this study, energy cost was determined from direct measurements of VO, during
tennis play. Pravious _smd_ies. (Kozar and Hnusicker, 1963; Skubic and Hodgkins,
1965; Stamford, 1986) however, relied on measurement of HR only during play and
cdmmred the H.R-\?O2 relationship established d;_iring steady state exercise on a
laboratory ergomester to estimate corresponding \'702 during play. This, together with
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the fact that all previous reports of VO, during tennis and related sport play (Kozar
and Hnusicker, 1963; Skubic and Hodgkins, 1965; Stamford, 1986) measured the
- VO, on éd_ults only, places the validity of possible comparisons in question,
Generally, there is a linear solationship _beiween VO, and HR during steady state
~ exercise (Astrand and Rodahl; 1977). Despite the fai:t that tennis was used as
exercise mode, this relationship was confirmed by the findings of this study (c=0.69).
According to Davies and Convertino(1975), the Karnoven(1957) method of prediction
of exercise intensity (%HRmax), yields net %?92 max values which are not
\sig_hi_ﬁcénﬂy diffetent from measured values. Thus, the 55% of the age adjustéd
HRmax reserve in this study corresponds to an estimated 50-55% of VO;max.

The actual measui‘ements obtained in this study revealed a mean HR of 145bpm and
a mean relative VO, of 21.4 ml.Kg'l.min",, thus appearing to indicate that playing at
a high percentage of VO, max is not prerequisita for tennis match success and that

2 high level of metabolic stress is not imposed by this sport.

However_, it has previbuély been documented that type of exercise {intermittent vs
continuous) influences the HR and VG, (£.min") relationship (Klausen et al., 1986).
As the calculaied energy expenditure derived from the VO, measurements taken
during ten_nis play in this study is low in relation to the co_rresponding HR reédings,
these findings appear to support the assumption that during an identical tifne period
in which the same am@unt_.qf work is performed, the mean HR during intermittent
- exercise will be higher than during continuous exercise (Astrand et al.,' 1960) .
Furthermore, 2t a given submaximat VO,, the HR during arm exercise may be 10-50
bpm higher thau during leg exercise and the difference ticreases as the VO, increases
(A«musser and Hemingsen, 1958; Clausen etal., 1973). The iow energy expenditure
relative to HR displayed dering the tennis matches of this study could thus be

attributed to the considerable amount of upperbody movement.



110
5.3.3 Bnergy cost

This shzdy was a unique, first attempt to determine energy expeﬂdiuue in children
dﬁﬂng tcnnisr_oompetitive play. Although the mean tofal energy cost during tﬁe ;
90min period. _;;f play of 1723 KY in group one was slightly higher than the value of -
1604 KJ found in group two and lower than the value of 1989 KT in group three,
the differences of the mean between the groups were, however, ms1gmficant
| (Appmdlx C.7. 1) Exc}udmg group three from the comparison due to their higher
mean body mass and taking into account the homogenous phvsxca. characteristics
of groups one and two, the h1gher energy cost in gmup one as bompared to group
"~ two could be attnbuted to the type of tennis game played by the subjects of these |
groups. Subjects in group one demonstrated an offensive tennis game with repeated
and rapid net approaches, which require more physical effort than z defensive
baseline game which was predominant in the games of the players in group two

Energy expenditure values of 2160 KJ.hr* (Copley, 1980), 1800 KJ.hu" (Clarke,
1975) and 2640 KJ.hr! (Seliger, 1968) during competitive tennis play, and 1860
KJ.hr' in recreational tennis play utilizing the Douglas bag methed (Sinclair and
Goldsmid, 1978), ha:ve been reported However, v&nabﬂity in energy expenditure
could also be attributed to dxffcrence_s in a) the extent to which subjects exerted
themselves, b) inc_thad used to defermire energy expenditure, ¢) characteristics of
each game, d) skill level of the players e) age (biochemical and physiological
differences) and f) environmenial conditions. Furthermote, the length of the ra]liés,
the me spent retrieving balls, the frequency with which the p]ajrer hits the ball and
the relative playing abilities and efforts of the opponents are additional factors.
Unfortunately, with respect to the above mentioned factors, M1gfﬂ inter-study
comparisons in total energy expenditure is difficult and a great variance in intra-
subject and intra-match energy expenditure, is like.y.
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Of interest is the fact that the differences between this study and the above studies
dlsappeanfthemean energy expenditure of all studms:sexpressedm]ﬂkg’ min™
and an average aduit body mass of 70Kg is assumed. The derived mesn relative
energy expendifure during henmsplayls approxlmately045KIKg" 4 for all
the ‘above mentloned studies, winch_ does agree with the mean relative energy
expenditure of 0.44 KI.Kg?.min (Table 4.5), derived from the VO, measurements
taken in this study. R

Sinclair and Golcisnﬁd(lma) using novice and intermediate racquetball players,
found enérgy expenditure values of 3. 420 XIJ. hr“ and 3.600 KIJ.hr! respechvely
Whereas Montpetlt et al.(1987), when investigating squash and mcquetball among
intermediate . players obtained a value of 2.820 KJhr® and 2.520 KJ.l;r‘
respectively, these values are approximately triple (Sinclair aid Goldsmid, 19‘58)
and double (Montpeht ei al., 1987) the values of this study and they suggest that

tennis produces Jower metabolic demand in comparison fo squash and racquetball,

In this study the questior. arises, as to whether the children’s metabolic rates would |
have been higher in a more uncomfortabie environment. The dominant opinion in
the Literature would support this (Dimsi et al., 1980; Fink et ai., 1975; Cailaham,
1979; Brooks et al., 1971). It can be hypomesized:that the individual’s discomfort
in the warm and hot environment may have resulted in more extraneous movements

being performed.

A further question requiring consideration in interpreting these results, is the effect
of heat acclimatization levels. As metabolic rates during subhxaxima] exercise in
the heat have not been reported to be influenced by subjects’ heht aoclimaﬁi_ation :
levels (Young, et al., 1985), it is not comsidered necessary to include this factor in
the interpretation of the VO, results.
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53.4 T,

4
I

i ._
The therymal stress in this study classified accudmg to the averégg_WBGT index,
would be represented by the amber flag for group one and green flag: (A_CSM,_
1985) for groups tv.:q and three. It thus falls into the lo#v to lIow niodérate category
~ of heat stress. A shortcoming of the WBGT index i, ho@avar, that if sighiﬁdantly
different clothing is woui, the potential for heat exchange and the empirical
relationships that are the basm for the recommendations for the WEGT index are
altered (Santee and Gonzalez, 1988). The eavironmental conditions presented mild
effects on the thermoregulatory mechaaism of the sﬁbjects (Table .4.2). The
variability of ground tempetafures despite relative consistency in WBGT index,
indicates a possible shortcoming of this index in reflecting thermal load. This
‘applies particularly in the game of tennis which does not incorporate a gre degree

of locomotor movement.

The T, response in this study showed an increase of 0.73 *C (Table 4.4). Post-
matches T, did not differ significantly between the groups, aithough group one
spent relatwely more iime within the THRR of HRmax reserve. A possible
explanation is that the high tennis ablllty level of group one, accompanied by
enhanced physmlogmal adjustments, may have resuited in a reduced physmloglcal
stress respons._ Aiciuding T, durmg tenis play.

The use of relative exercise intensity (% VO,max), rather than actual metabolic rate
(absolute exercise intensity), removes most of the inter-subject variabitity for the T,
during exercise {Astrand, 1960). In this study it was shown that post-match T, is
relaied to the intensity of exercise (HR) in subject group one (Appendix C.10.1).
The finding that post-match T, is related to the exercise metabolic rate is in
agreement with the laboratory findings of Sultin and Hermansen (1966) and field
studies of Davies(_1979), The failure to demt the same relationship in the other
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subject groups, could be explained by the displayed variability in competitive
performance between the groups. Only the subjects in group one faced a .mal.
competitive situation (.. playing in a Round Robin Tournament). This variability
in actual performance of the subjects, could also explain the limited relationships
found between physiological and metabolic variables within the total group
{Appendix C.10.1). | | |
Since the increase in T, is proportional to the relative exercise intensity (%HRmax)
 and is according to Nielsen(1938), Lind(1963) and Nadel and Horvath(1970), nearly -
mdependént'of environmental temperature over a fairly wide range, the mild T,
response of the subjects in this study may be dependant upon a) the low metabolic
rate of the tissues involved b) the magnitude of blood flow and c) the temperature
gradients between contiguous body regions. According to these contentions and
assuming that temperature within the active skeletal muscle exceeds T, (Saltin, et
al., 1970; Saliin and Hermansen, 1966) and the temperature within the inactive
muscles does not increase (Aikas, et al., 1962), the larger the mass of inactive
muscie in the subjects of this siudy, the higher the rate of heat exchange between
the active and inactive muscle mass, In addition, the resting intervals between the
. tennis play, may have provided a means of heat dissipation to the tennis players.
Thus, blood flow magnitude during the rest periods and the observed low intensity
of exercise may have favoured heat dissipation and a rmld T,, response in thése
young subjects during tennis play. |

Investigations performed by Bar-Or et al.(1980), Drinkwater and Horvath(1979),
have indicated 1hat the level of mild dehydration (mass loss) and the sweating
patterns in children and adults are not highly correlated with post-match T, In all
subject groups in this study, the level of dehydration developed during the 90 min
of competitive tennis play was unrelated to post-match T,, (Appendix C.9). This |
observation is in accordance with other studies on outdoor sports, during which
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almost steady state type of exercise was. performed (Maugban, | 1985§ Noﬁkes et al.,
1988, 1991b). If percent dehydration, which is a principat c:’_:n;_ém and component
of prolonged steady state exercisé, cannot explain the pu:-__?.'_e‘ar_:g "I‘,= in marathon
ranners, it is to be questioned whether percent dehydration sitwuld be able to explain
T,, in young tennis players. Thus the findings of this study éonﬁrm the notibn that
the level of dehydration is not the principal factor determining the degree to which
the T,, rises during'ter;:_f- 4 piay under the specific conditions of this particular study

The relativelf ey influence of SR aljd'-t'hétefore, percent _dghydration on T,
response, is also .explained by ancther bbservation. The significanily higher percent
dehydration levels of group one as compared to group two and three (1.01% vs
- 0.65% and 0.74% respectively), did not result in any significant difference in T,,

response between the groups.

5.3.6 Acclimatization

Although pfolonged heat exposure during rest results in acclimatization (Machle and
Hatch, 1947), it is known that regular heavy exercise in the heat is the most effective

stimulus for developing beat acclimatization (Wenger et al., 1988).

The experi]ﬁemal sesstons of this study took place from the beginning of February
untif the middle of March 1992, On 26th of February 1992, South Africa
experienced a strong heat wave (Climate Information Service, 1992). As the subjects
reported practising an average of 5.7(+1.5) times per week for a mean duration of
1.8(:£0.4) hours per session during the months of December and January, and these
piaying s=seiors most frequently occurred between 14h00 and 16h00, the criteria for
acclimétizatidn éppear to have been met by the subjects investigated in this study.
The relatively low post aatch T, high SR, low HR and high TPP (particularly in
grour o) observed in the subjects (n==24), also appear to support this assumption.



— - | 115

5.4.1 Blood glucose

As fluid 2 igested by the players did not contain sugar at all, post-match blood glucose
' leveis confirtm previous findings of specific im:enﬁity and duration related blood.
glucose respoﬁ#es.tb exercise (Felig, 1975). Pre- and post-match blood ghicose levels
differ significantly in group one (p<0.05) and in group two (p<0.1), but was
insignificantly different in group three (p>>0.05). The highest increase was observed

in the subjects of group one, who spent the greatest playing time within the THRR,

 whereas a milder increase was observed in group two which spent less time within
the THRR. In turn, a small decrease in blood glucose ievels occured in group three
who spent the least time w1thm the THRR. As percent changes in blood glucose
levels of group two were not correlated significantly to percentage changes in PV
(p>0.05), the possibility of hemoconcentration can be ruled out in this group. The
unavaijability of PV data in group one, limits the interpretation of the blood glucose
response in this group. '

As Copley(1980) included glucose in the fluid ingested by the players in his study,
comparisdn of the findings of this study with those of this study is not warranied.
Oseid and Hermansen(1971), Lehmann et al.(1981) and Berg et al.(1980) found a
disposition towards a higher blood giumse concenfrution after exercise in children
when compared to that of adults and this has heen atu'ibﬁted to the possibl_e age-
dependent regulation of insulin metabolism (Oseid and Hermansen, 1971; Wirth et |
al., 1978). This indication may also be evident in the findings of this study when
ana!yﬁirig the age of the children. It was in the two y&..)ger groups of this study (one
and two) that significant (p<0.5 and p<0.1 respectively) post-match blood glucose
rises were evident as compared to the insignificant drop of post-match blood glucose
levels in the older group three. Due to the inﬂuence of addiﬁonal variables including
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the intensity and duration of exercise, it is, however, not possible to ascertain the
magnitude of the effect of age as a variable, This requires further investigation.

The absence of a significant decrease in blood glucose values may be indicative of
adequate functiomng of blood glﬁcose regulatory mechanisms when tennis is played
at a moderate exercise intensity and for a duration of S0min. From these results,
it would appear that the metabollc demand was not high enough to result in liver
glycogen. depletion and subsequent need for carbohydrate supplementation.

~ 5.4.2 Plasma volume changes

In this study MCV measurements were calculated based on MCHC obtained from
the Techmicon H" 2 system. This system has been found to be superior to other
automatic systems as it is free from the MCHC artefact. Each red blood cell is
‘measured in order to determine the MCV and consequently Het measurement is
considered more reliable when compared to other automated analysis methods
(England, 1988).

Insignificant percentage change in PV was evidenced in group three. As significant
increases in Na* concentration were present in this group, the high percentage
change in MCV in this group, may be attributed to the increases in osmolality
(Costill et al., 1974).

Contraction of intravasculér volume has been reporied to 'résult from fluid losses
due to sweating, low fluid intake and intra-cellular shift due to osmotic forces (Relig
et al., 198_2). Furthermore, the maintenance of PV and the distribution of fluid
betweeﬁ the plasma and the interstitial space is largely dependent on the ‘effective’
oncotic pressure of the plasma proteins resulting from differences in protein
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concentration (Harrison, 1985). Percentage changes in PV in groups two and three
were highly correlated with percentage changes in TPP (Appendix C.8.2) in these
groups, and the maintenance of the size of the PV cbmpartment could thus attributed
 to the “effective’ oncotic pressure of the plasma proteins.

Although the mean percentage changes between pre- and post PV were insigﬁﬁcanﬁy
different, great variability between the subjects was observed. This heterogeneity in
PV response could be explained by differences in exercise intensity and the physical
fitmess of the subjects (Harisson, 1985). It would, however, be attributed to the
intermittent exercise mode as the rest intervals during tennis play provide the
éirculatory system with recovery periods during which homeostatic coatrol can be
achieved. However, the maintenance of PV may also have suggested effective reflex
adjustments in children that compensate for transvascular shifts in PV. |

Harrison(1985), believes that changes in RCV cannot be distinguished from MCV
changes, Furtherrore, an inverse relationship between MCHC and MCV has been
reported by Costill et al.(1974), who also did not distinguish MCV changes from
RCV changes. Although the same inverse relationship was found between percent
changes in RCV and MCV in this study, this may simply be the result of the
- calculation procedares used in determining these volumes,

It is well known that the debydration status of the subjects affects the intracellular
and extracellular fluid compartments, due to free fluid exchange. ft has been
reported (Costili et al., 1976), that at low levels of body water loss, the water deficit
primarily occurs at the =xpense of the extracelluiar space. The ahsence of a
significant relationship between total dehydration (%) and percentage changes in PV
and BV as well as the fact that children possess a higher extracellulas/ intracellular
.space ratic when compared to adults may decrease the effect of the moderate amount
of water loss in the extracellular body fluid oll'c;mpartment.'
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A highly positive relationship was evident between percentage changes of BV in
groups two and three and percentsge chamges in PV (r=.98). Furthermore,
percentage changes in PV in both groups were posiﬁvely correlated with percentage
changes in TPP (c= 0.85,p=<0,001). This thus may be indicative of TPP shifts
 between the intravascular and extravascular compartment and factors associated with
these shifts. The pre-match TPP of groﬁp one 79.4(g. £%), showed higher values than
the suggested gormal values for their age group 69.17(g.8") (Diem and lmtner
1975). TPP (g.f%) values have been repoﬁed to increase with age (Dxem and
Lentner, 1975). The considerably higher pre-maich TPP in group ome when
compared to group two and three suggest that traininé’ may elicit fhe.sarne TESpOnse -
(i.e. an elevaied TP which results in expansmn of PV), regardlesi: of age. Thls
conﬂrms previous findings of hrgh resting TPP cbhserved in well trained puhertal boys
(Koch and Rocker, 1977). These results imply that the trained boys in this study
(group one) shwed the same adaptwe changes with respect to TPP as endurance :
trained athletes (Koch and Rncker, 1870,

5.4.3 Plasma Electroiytes

From the findings of this study, it would appear that the metabolic activity of the
subjects during tennis piay resulted in minimal changes in the solute composition and
water content of their bodies.

Firstly, if fluid shifis between the intracellular and extracellular compartments result
~ primarily from; movements of Na* and K* (Hubbard and Armstrong, 1988), it can
be hypothesized that the insignificant changes of Na* and K* values in group two
(Table 4.9), reﬂecbed the absenéc of the above mentioned fiuid shifts in these groups
of subjects. In cqﬁi;'ast, groups one and three responded with significant rises in Na*
- and a .mean fall in K*, Concomitant fluid shifts between compartments may thus
have taken place in the sﬁbjects of these groups. B
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In comparizon to the acute exerclse decrease in Mg** reported in adults (Huhbar& )
~and Armstrong, 1988), Mg** levels we » ' mintained ir 21l groups of this study.
However, an unchanged Mg** value does not necessarily mean that no extracellular
or intracellular changes ook place, but can simply also mean an equal shift of
electrolytes from the interstitial fluid space to both compartments. On the other
hand, intensity and duration of the exercise, was not enough to elicit the prevmusly
reported dmp in Mg** in adults (Huhbaﬁd and Armstrong, 1988). i
- Since Na* and CI' are primarily-responsibl*e for the elevated plasma osmolality

during dehydration (sémay, 1979), an elevation in plasma osmolality and/or decrease
i BV will elicit mpressm secretlon, which reduces urinary water loss and
stimulate~ tlura? {Guyton, 1985) However, the insignificant percentage changes in
PV in group two and three, the significant increases in CI in both groups, and the
insigniﬁcant changes of Na* in group two, did not explain why group two
consumed significantly larger wate.r.volumes than group three.

Lastly, the significant increase in piasma Na* and Cl° concentration afier
competitive teanis matches may also suggest that under the conditions of this study-
in particular, the workload intensity and amount of water ingested, supplementation

of NaCl is contraindicated.

5.5 id replacem s

Sweat loss in a laboxatory setiing has been shown to be positively related to the
absolute metabolic rate (Saltin and Hermansen 1966; Gullestad, 1975). In this study
no relationsiiip was evident between sweat loss and exercise intensity (HR ranges)
(Appen_dix- C .10._1).- This may, however, have heen related to the irregﬁ]ar, .'

intermittent nature of the exercise and to the individual variations in sweat rates.
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Jespzte significant decreases in mass loss (0.4 Kg) durmg 90m1n of tenms p]ay
 (p<0.95), the mean 0.830% ofdehydrau.on could be considered mild when the fact
that performance decriments only decur at >3% dehydration level (Noakes, 1992 '
- Guyton, 1986). Furthermore, children possess 2 higher total water proporiion whe.m
- compared to adults (Diem and I,;nt:;e;, 1975; Rudelph, 1991), wluch implies that

the dehydration rate of 0.54 %.hr' is effectively lower than the equivalent rate of -

' dehydratlon in adults. This is conﬁnned by the ﬁndmgs of this study which revea
that the mean recorded rate of watex ingested in this study (4286 ml. hr"
- adequate to - sevent decreases in PV (Table 4.8).

Since the subjeélts in 'groﬁp one exercised at s'clahvely higher mtenﬂtles anda hlghl
heat siress index .when compared to the other two grbups, higher water losses aj’d
gnate‘r water ingested volumes would have been expected in this group (Tab{le
4.3.1). This was conﬁrmed by both the higher absolute sweat losses and the greai
fluid replaceme.nt needs (Table 4, 3 2) calculated in this gronp. Itis, hOWeVLt, of
interest that the sub;e;:ts in this group, ccn_summg a mean 318 ml.h_r‘, were betl_
able to subje““h;'elv..-est.imate their fluid .repl'acement needs than those in groups i 0
and three This may mmply bave been the result of their mlatlvely greater ten1
playmg expcuenee

In contrast, in group two thete was & tendency to consume a considerably higher !

quantity of flnid than m-ﬂuecessary to replece sweat and respiratory water loi .
These results obtained from group two support the notion that fiuid intake tend ¥
be preater amengst subjects exercicing at low intensity (Noaises et al., (1988).

Particular attention should therefore be paid to those young tennis players wh
exercise at low intensities for prolonged pericds. Since sv;{a}nt rate and metaboh
water released from glycogen brgakdmﬁn are the major contributors to Walnr deﬁci% .
it \fvas estimated that exhﬁpolation of the rate of drinking pattei:ns in group tw;
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would have resulted in overhydration, if the moderafe exercise intensities and heat
stress index Wefé- sustained for another 90min. This would may have din:ct
consequences in ferms of the well-béing, |

The AAP (1982; 1983) suggest the enforcement of freely-chosen drinking patterns
in children. This may, however, have accelerated fhe onset of wa_tér intoxicationin -

" group two, had the duration of the matches been extended beyond 90min.

Furthermore, the higher extracellular/ intracefluiar fluid space ratio of the child’s

 bodyas+ompared to adults, should be considered s an additional factor predisposing

children to water intoxication, when freely-chosen drinking patterns are enforeed
during exercise at moderate intensities. | ' '

The recommendation of the' enforcement of drinking in children (AAP, 1982; 1983)
stems solely from the findings of Bar-Or et al.(1980) who found that children are

- voluntarily dehydrated during prolonged mode oJ exercise (cycling). However, in

the study of Bar-Or et al(1980), the formula used to calculate percentage
dehydration was baséd on mass foss only, mletaboﬁc fuel utilised, metabolic water
produced by mitochondrial oxidation and the considerable water volume released
from glycogen breékdom was not included. From the above, it can be concluded

. that, as has so frequently previously occurred in adults (Noakeg et al., 1988; 1991b),

fluid replacement volumes were overestimated in children, The main factor to which
this may be attributed is the failure to take into account the considerable water
refeased from glycogen breakdown, in the hydration status of the subjects.

In this study, had the water released ffom glycogen stores not been taken into
account in the calculation of water deficit, the dahfdration levels of the groups would -
have been double. Thus, a false mean value of 1,60% in total group would not be
in accordance with the contrb]_.'led moderate exercise intensity, the relatively high-
iﬁgested volumes of fluid and with the insignificant PV changes of group two and
three.

- T Ly, | o
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Thus the findings of this study do ﬁot suppmt the contention of the AAP. (1982;

1983) that voluntary dehydration is commor among exercising children. In contrast,
the subjects in this study, who were permitted nﬂn—exﬁamed {voimtary) freely-chosen

- drinking patterns, and to whom water was mdily.availa-:ile cturing the rest intervals
‘between games, either correctly gauged (group one), overestimated (group two) or |
slightly underestimated (group thtee) their fiid replacement needs during tennis play.

Two questions arise at tlus pomt Firstly, is the recommended fluid replacement of
| 300mi. hr! of the AAP (1982; 1983) for a child possessing body mass of 40 Kg,
.approggiate_ to prevent dehydratior in the sample of children investigated ir this
' 's'tudy?'.; o | o

The most significant finding of_ﬁﬁs' study was that the fluid feplaoement needs of the
children were 313 mLhr? in gréup on, 204 ml.hr! in group two and 268 mi.hr! in
_group three. Based on the recommendations of the AAP (1982; 1983), fluid
replacement needs {adjusted for body mass) in this study represent 344ml.hr? for
group one and two and 400ml.hr? for group three, Therefore, when answering the
question as to wheher the findings of this study support the fluid replacement need
recommendations of the AAP (1982; 1983), the answer is negative for ail groups.

However, mass differences (and corresponding age diffefénces)' of the subjects
investigated in this study is another important factor to which the large variance in
fluid replacement needs can be attributed. When differences exist in bodjr mass
between groups, comparisons of fluid replacement are more appropriately expressed
in ml.Kg*.hr', It becomes apparent that betweer. groups one and two, even with the
same average body maﬁs of 45.9 Kg, fluid replacement volumes differ when
expressed in ml.kg.hr? (6.81 vs 4.44 respectively)., This difference of the fluid
replacement volumes adjusted for body mass are in accordance with the higher
exercise intensity and environmental heat stress index experienced in group one when

compared to group two, Fluid replacement needs in group three, when normalized
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for body mass, fall between the ﬂmd replacement needs of group two and one”
(5.02ml. Kg" hr!), 1t would thus appear that variations in both exercise intensity and
envxronmental heat stress index have an overndmg effect on fluid replacement needs .

in chﬂdren whan these are expressed reiauve to body mass (ml. Kg‘ hr")

The second question to be addréssed is whethet thie enforced fluid replacement rates

* of 11.4 ml Kg* min* prescribed by Mitchell et a.(1992), could be justified in the "

| subjects of thxs study. However, ifin the study of Mitchell et al. (1992) ﬂmd halanoe
estimations m‘ the subjects were based on body mass loss, then the 0.907 Kg in mass

'loss, is too smail to account for thé' considerable metabolic wm:er released from
glycogen breakdown, metabolic fuel utilized and the metabolic water produced by
mitochondrial oxidation during the three hours of tennis play in the heat (WBGT
index 27). As neither of these factors contribute to the fluid balance of the body,
and nejther of them were accounted for in the fluid balance estimations of the study
of Mitchell et al.(1992), the high rates ..of 11.4 ml.Kg*.min? may have resulted in
net overhydration.

In conclusion, the findings of this study therefore reject the recommendation of ona\.;{\_l_‘_,_ﬁ_‘___
fluid replacement rate for children based only on body mass (AAP, 1982; 1983)and
question the high rates recommended in the study of Mitchell et al.(1992). The
mhajor recommendation of the"ﬁfudy is that a zange of fluid replacement volumes, =
ought to be determined according to mass and exercise intensity of the subjects and

the heat siress index on the day of the match play.




CHAPTER SIX
CONCLUSIONS

The natural sefting and competitive atmosphere in which madch-play took place in this '
study, provided some realxstlc insigits to both the psychologlca, and physmlogl..al
response and tolerance of chxldren to competinve tennis play

Firstly, in adressing the primary 'probl_em exammed in this study, calculation of their
fluid replacement needs indicated that a) under warm environmental conditions |
(WBGT index= 13-19) and an exercise intensity of approximately 55% of the age
adjusted HRm, teserve or 50-55% of VO,max, consumption of 4.44-6.81 mLKg
Lhe? or 20&360 ral.br? of water is recommended in young tennis players pessessing
a body mass of 45-53 Kg, in order to pn;'v-éht harmful levels of dehydration. The
initial hypothesis (1.5.1) set in chapter one is thus confirmed by the findings of this
study.

With respect to the subproblems which were identified in chapter one, the following

final conclusions can be reached.

6.1  The players investigated in this study did not exhibit signs of high trait and
state anxiety which may have significantly influenced their physiologicai
response to match-play. '

6.2  Although tennis is characterized by sporadic high intensity exercise, the
overall metabolic response (as reflecied by HR, VO, and estimating energy. '
expenditure) imposed by tennis reflects a mean moderate-intensity of exercise
and the discontinous type of tennis play does not appear fo promote optimal
rates of cardiovascular devélopment in children. The classification of tennis
as a strenuous child sport by the Committee of Sports Medicine (1988) is
therefore questioned and the hypothesis set in chapter one (1.5.3) s accepted.
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The T, changes are in accordancé with the moderats exercise intensity
expeﬁenced-during tennis play. 'Thus, it can be concluded hyperﬂmrmia is

nota commor feature of children’s tennis competition under the conditions

of this study. -

~ Relationships did not exist between T, and percent body fat, *nd rv.u% of

exercise intensity with the exception of group one.

The biood glucose response indicates that the incidence of hypogiycaemia is
not prevalent and does not supporr the need for CHO supplemantation durmg
90 min of tennis play under the conditions of this stv.dy

‘Based on the variabilty in blood volume compartment responses in this study

the hypothesis set in chapter one (1.5.4) is accepted and is in accordance with
the measured low exercise inteasity éxhibited__inﬁﬁs study. The average PV
maintenance, the positive relationship betWeen. percentage changes in TPP
and percentage c¢hanges in PV and the significant higher control TPP values
in group one as compared to the other twd groups in this study, may indicate

that regular moderate tennis exercise intensity results in the enlargment of the
mi/Kg/min
8

vascular volume,

The often reported (AAP, 1982; 1983) *
incidence of volunta.rf dehydration in
children (Bar-Or, 1980) did not occur
in this study and the hypothesis set

in chapter one (1.5.2) is thus rejected.
The subjects monitored their fluid needs

adequately in order to prevent harmful > Water Ingested

dehydration levels (fig. 6.1). lmarow emp2 erows |

Fig. 6.1, Cafculated fluid replacement needs
(ml.Kg" . hr') and measured freely-chosen

. drinking paiterns (ml. Kg*.hr') of the three
subject grovnps during a 90 min tennis match
(n=24).



This study, in attempﬁng to exemine the flnid replacement needs of the exeremng "

young tennis player revealed, in contrast to the published existing theories of inferior

behavioral and metabolic responses to the st~ - of exercise (Bar-Or, 1980; AAP,
- 1982; 1983;), that children are capable of rea;;q g adequately to the water needs

of their body. It can be concluded that 'young tennis players rQeSﬁbnd’ within

physiological limirs, and that their therinerfegldatery (T,.) and osmoregulatory (PV,

electrolytes) systems functioned adequately it order to cope with the metabolic stress
~ imposed upon their bodies, |

What emerges from this investigation, is the individualistic nature of the
physiological and psychological responses of children to exercise. This approves and
signals the need for an interdisciplinary approach whenever study is undertaken of
the variable nature of the developing child, Thu's, in considering the child's mentat
and physical well being and in an attempt to understand and enhance performance,
sports physiologists should link their forces wlth sport psychologists.




7.1
1.2

7.1

7.1.1

- 7.1.2

7.1.3

7.1.4

| | 127
RECOMMENDATIONS

g
L

RECOMMENDATIONS FOR FURTHER RESEARCH
RECOMMENDATICNS TO SCHOOL TENNIS COACHES

It is generally agreed that T,, is related to relative metabolic rate in steady
state exercise (Astrand, 1960; Saliin and Hermansen, 1966; Davies et al.,
1976). However, the sigrificance of other components such s negative

 force generation and the locomotion pattern of tennis play (especially that of

novidc tennis players) on T,, response requires investigation. Itis of interest
to study whether these factors could better predict T, response during tennis
play.

The relative contribution of the extracellular/intracellular compartments to "
dehydration in children when taking into consideration that chiidren possess
a higher extraceliular/intracellular space ratio when compared to adults,

requires examination.

Validation of the significantly higher TPP concentrations measured in the

elite tennis players, requires investigation,

The possible significant difference between the natural environment and
indeor Iaboratory environment, on fiuid replacement patterns under the same
exercise protocols in children and adults, ought to be examiried.
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The findings of this study indicate & aced for the establishment of @
nomogram which will incorporate masp exexcise intensity and heat stress |

L

" index in tie--caloulation of fiuid replacement needs ‘in children is a

72

3

7.2.1

7.22

recommendation. This will be of practicai relevance to coaches of children

 ag takes into account body mass variability, percent effort and eavironmental

conditions.

ﬁmmmmmwm

Physiological and biochemical factors:

Periodic drinking (approximately 5000 mi every 15 min) should be
encouraged durmg prolongéd activuiies for a child pbssessing a body mass
of 48 Kg under moderate tennis play and environmental conditions. The
exact amount within this range varies according fo the body mass, exercise
intensity and environmental conditions. A heavier child exposed to higher

exercise and environmental conditions will require high rates of fluid

replacement, i.e. closer to the top of the range specified.

Giucose solutions are not necessary for fluid replacement in children playing
tennis of 90min in duration and could be considered as fluid replacement
forms, only to enhance fluid palatability and intestinal ab ")\rptioh, and
therefore increase fluid replacement volime in tennis play of Ionge; duration
and more exireme environmental conditions, when compared to conditions
of this study. Furthermore, under the conditions of this study, in particular
the workload intensity, duration of the matches and amount of water

ingested, it is recommended that supplementation of NaCl is contraindicated.
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As can be seen rom Table 4.5 the intersubject variabildy of the mean HR

“response during the matches, in the 13 subjects whom contisuous HR data

were obtained, ranged between 12-19bpm. Desplte the start and stop nature
and the periods of high-intensity exercise during- ennis play, small
fiuctuations in HR response were exhibited, indicating a relatively consistent
intensity of exercise. This further suggesis that the form of a more pe:s:stent
type of tennis practwe ie. contmuons rallies from the baseline or non-sﬁop
exchange of strokes between player and coach at the net, could possibly stress
the cardiovascular system of the child athlete. This is an eacouraging finding

~ for tennis coaches. ‘Tennis coach.;sm search of way& to increase the .

cﬁrdiovaﬁélﬂar fitness level of their young athletes within the sport, do thus
not have to vesort to other forms of prolonged continuous exezcise. Coaches
simply bave to, during their practice sessions, include a non-stop type form
of skill practice ensuring that the players continuously cover the tennis coust.
A Timitation to the application of ths above, is however, ability level of the

" players. A high ability tennis level is required to respond efficiently to this

type of practiée. Thus, this type of practice could not be applied to players

- of low and average tennis ability level. Consequently, other fbrms of

 prolonged, continuous exercise (running, bicycling) should be incorporated

7.2.4

in the exercising regimen of the novice tennis player to promote

cardiovascular fitness, by following the recommendationsin terms of exercisé

intensity and duration, set by the ACSM (1978; 19%0).

'An understanding of the significance of each player’s state and trait anxiety

 and the ability to distinguish between the different emotional states of each

athlete is a fundamenta prerequisite in coaching. This will enable the coach

~ *J utilize the most appropriate stress management strategies for each athlete.

As Martens(1988) has stated "coaches coach individuals, not teams".
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| Fma]ly, itis 1mportant for physmal educators coaches and parents to be aware that

physical fitness is the synthesis of many variables such as growth rates,, gender

- state of health, heredlty, caiﬂlovmular-msplmtory fitness, physzque, slrucmre,

mcrtor fumct:on and matry histochenucal and bm*:hemlcal factors, as well as

psychological parameters Since these factors are extremely variable, children’s

phymologcal and psychologl.cal response and mlerarce to exercise is dnffm“ant for

each mdmdual child. " '
é,

Educators, whether they bt in the ciassroom or on the sport field, should acoept a

role towards chlldmn that is both protactlve and educational. Children are not

“small pictures of adnlts; they possess individual potential for physiological and

psychological development and reqmre a well rounded education including the
opportunities for healthy physical development. Thus, children should be granted
the opﬁortunity to participate in physical excreise Programmes which involve a wide
variety of motor skills, and aw-.d early specialization. The primary résponsibility
of the sport s coach is to coatribute tzwards a happy childhood; and to facilitate the

“optimal development of the child’s personahty. One must develop the personahty

of the child within the context of a healthy physical develupment and bear this in

- mind when organizing top-level sports for children. Finally, an educator’s cbjestive

is to both use movement to guide children to reach the limits of their potential and
to edacate coaches as to what is enjoyable and beneficial for children. It is an
educator’s sensitivity which will determine the fine line between physical exercise

being a challenge and physical exercise being 'ﬂﬁti:ﬂﬁ'lt&l to the child’s well being.
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APPENDIX A

APPENDIX A:

DIVISION OF PHYSICAL EDUCATION
SPORT SCIENCE LABORATORY

Young adults playing fennis are often exposed to the combined stresses of exercise and

environmental heat. These may place a marked strain on the thermoregulatory and
hydration stata of their bodies and affect the well-being of the young adult. The
purpose of my mvestlgatlon is to therefore determine the fluid balance level in young
tennis players,

In order to understand and determine your son’s hydration status and physiological
reaction to exercise in the heat, the following fests would have to be performed on your
son: ' : "

Measurements of height and skinfold thicknesses prior to thﬁ mahch and mass, body
cure temperature, before and after the match,

Monitoring heart rate and the collection of samples of expuvﬂ air durmg the match.
The extraction of a 13 ml blood sample from subcutaneous antecubital vein by a
qualified medical practitioner, before and afier ihe match.

The completion of a questionaire by hoth parent and player prior to the match.

The tests will not cause your son any harm, nor, in any fnanner, detrimentally affect
his performance capabilities during the match.

The investigation will provide the data on which a Master’s dissertation is to be based.
It would therefore be greatly appreciated if you could please grant your co. . 't and
approval for your son to form part of this investigation. If your son is to form part of
the investigation, we will provide yon with feedback of the results obtained as well as
any emerging findings and recommendations.

Yours faithﬁdly

Kostas Kayasis | Mis. E.M, Futre

TEL: (011) 6424267 _ Supervisor

Student undertaking research “TEL: (011) 716-5721
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DIVISION OF PHYSICAL EDUCATION
SPORT SCIENCE LABORATORY
1, ___ hereby grant permission for my son to0

-~ participate in the mmtlgatlon w be performed by Mr Kostas Kavasis of the Division

of Physical Educataon of the University of the Witwatersrand
I understand that it s to mvolm : |

Completion. of the Ilhnms Competmon Questsonnaxre i

Measurements of height am® -kinfold thicknesses prior to the match and mass, core
body temperature, before 3*  Her the match. '
Maonitoring heart rate and *ie ¢ lection of samples of explre:i air during the match,
The extraction of a 13 ml blood sample from subcutaneoss antecubital vein by a
qualified medical practitioner, before and after the match.

The completion of a questionnaire by myself.

I am aware of the foliowing:

Participation is voluntary, and resusal to participate will mvolve no penalty or loss of '
beneﬁts to wlnch the subject is otherwise entitled.

The subject may discontinue pat%xcxpatmn at any time without penalty or loss of
benefits.

SIGNED :

DATE

INVESTIGATORS SIGNATURES

o e e
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 CHILD’S CONSENT FORM -

DIVISION OF PHYSICAL EDUCATION
SPORT SCIENCE LABORATORY

1, ' | ___ hereby agree to participate in the research
o be perfonned by the Division of Physical Education of the University of the
_ Wit\%tetsrand.

:_r

I undersﬁnd that it is to inv wlve
P
Completmn of the Illmms Competmon Quest:onnalre
Measurements of helght skmfold &ncknesses pnor to and mass, body core tem{:eratum
and blood pressure, before and aiter the match.

' Momtonng of heart rate and Ze::tnon of expired air durmg the match,

Extraction of a 13 ml blood sample from a subcutaneous antecubital vein by a qualified
medical practitioner before and after the: match,

' 'I'hedetailsoftheabovepmcedmes havebeenexplainedbumeinfuli: I am aware that

the measurements will be taken before and after the match and will not have any

Tharmful effect on my match or performance Ievel.

I am aware of the followmg

Participation is voluntary, and refusal to parﬁcipaté'-'will invoive no penaity or loss of
benefits me, to which I am otherwise entitled.

I may withdraw from the study at any time, without penalty or loss of benefits.

SIGNED :

DATE

INVESTIGATORS SIGNATURES :
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APPENDIX A;:

ILLINOIS COMPETITION QUFSTIONNAIRE

UNIVERSITY OF THE WITWATERSRAND
DIVISION OF PHYSICAL EDUCATION

Name .................
Directions: Below are some smtemenls about how persons feel when they compete in
sports and games. Read each statement and decide if you HARDLY EVER, or
SOMETIMES, or OFTEN feel this wiy when you compete in sports and games. If
your choice is HARDLY EVER, blacken the square labeled B, and if your choice is-
- OFTEN, blacken the square labeled C. There are no right or wrong answers. Do not
spend too much time on any one statement. Remember fo choose the word that
describes how yopu usually feel when competmg in sports and games,

A= Hardly-ever

'B= Sometimes

C= Often

(1) Cofnpeting against others is socially enjoyable.
A B C
(2) Before I compete I feel ureasy.
A B C
(3) Before ] compete I .worry about not performing well.
A B c |
4 .I am good sport when I compete. |
A B C
(5) When I compete I worry about making mistakes.
A B c
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_Beforel_com?etalamcalm. - | | __ | o
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A B C

Setting a gbal is important when competing.

A ' B C
Before I compete 1 get a queasy feefing in my stomach.
A B c
Just béfore competing I notice iny heart beats faster than usual,
A B c |

I like to compete in games that demand considerable physical energy.

A B . C
Before I compete I feel relaxed.
A '::.:_____ . B - C

Before'l compete I am nervous.
A B c
Teaﬁl sports aye more éxciting than individual sports.
A | B C
Iget .nervou's wanting to start the game.
A B . C
Before I compete 1 usually get uptight.
A : B C

Martens, {1977).
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UNIVERSITY OF THE WITWATERSRAND
" DIVISION OF PHYSICAL EDUCATION
SPORT SCINCE LABORATORY

=

i .

G

Dear parent _ _
Please would you complete the following brief questionnaire. This will be of assistance
to us in the research which we are conducting. Your responses will be treated as
~ confidentiai.

Many'tbanks

K. Kavagis

A

Sonfmme llllllllllllll ARG AEANS Fapans (LA EXRY ] AEFERENS isusENAY (RIS LTS RE (AR Y ] FFEENNS [EEERL IR EE LY e
Postaladdress.....eeervense rrevesssvianvansenes resveresstntsasererstinna Crbererarertseaenirvesntnennare
Son’sdateofbirtl............. crareerrveseesnersusansereneraranEne erermchiaseacrsnernerRendenntrens
“\Iumherofyearsyoursunhasbeenplaymgwnms ................. rsesnennasnreensnronrsnarnas
Hasyol;r smhadanyserim illnemsor injuries? LI R R L R e L R R R R RN L RN LT R Y]
If yes, please specify. '
®

Are there any othel_' members of your family who partiéipaté in competitive sports?

No, no one in the family

Yes

]

(o

Is your son a member of a sports-team at school or elsewhere?



(B

No

Yes, within school -

Yes, representing the school

Yes, in the past, but no more

(D)

Do you observe any prohlems in your son before or after a tennis match? eg. sleeping,
eating habits, change of behaviour, desire to withdraw, anxiety, lack of concentration,

No

If yes, please specify...c...ccvinermniiniicnninirone esnaresnans namessscnsiancas N eresres

AjemnsEsREENg T LTI NaRsERbaraasannen ArA R As AR AN L F T Y LY ravanwe ARnssEERERy ey

What kind of reward system do you use when your son wins a match or competition?

Oral
Present or any kind of material gift |
lesegive demlls ..... [EET 1N} SRNARAN RSN S ‘.. ....... SAVARLpARSERS RSN TARIBERRY .'..-‘ ...... .’."....-.."..
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APPENDIX B |
APPENBIX B, _
Spon Sience Laboratory
Division of Physical Education

University of the Witwatersrand
‘Tel: 716-5716

Thank—you very much for parficipating in oor mvestlgatmn on ../[...[1992. We
app:cciate your co-operation.

The results which we cbtained from you are as folloWs:
Percentage body fat .....%
Th:s is within the normal range for your age-group

Rectal temperature before match ....."C
Rectal temperature after match ..... "C

~ The reason for taking rectal temperafure, and not oral temperature, is that rectal

temperatare gives the truest reading of your core body temperature.

Your rectal temperature increased by ...."C as a result of the match. Rectal
temperatures of 39 degrees celsius and above indicate hyperthermia, If the core body
temperature rises above 40,5 degrees celmus, your central nervous system is affected,

and heatstroke may occur.

The major factor determining the degree of rise in your core body temperature is
intensity of exercise. The secendary factor is the environmental condition. As you will
note from these results, your thermoregulatory adjustments were very efficient. Despite
.+, minutes of piay in environmental temperature of .... " C, your body core temperature
only rose by..... C. : : . _

Body tnass befors mateh ....... Kg
Body mass after match ....... Kg

As a result of the match, you lost....Kg
However, you ingested .... liter of water during the match your nett mass loss is

therefore .... + .... = .....Jiter

The reasons for this mass loss can include sweatiﬁg, fuel breakdown and respiratory
water loss. With reference to fuel, hreakdown you must account for the breakdown of
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muscle glycogen which also caases the release of water, This - sn account for up to 50

* % of your mass loss. The water released by the breakdown of glycogen should not

be considered as mass loss.

‘Thus, you only need to rcplace about 50% of ..... liter of water during 90 minutes of
play whlch is equal to 50% of ..... liter per hour. The water that you need to replace
was therefore .....liter per hour. (Remember that one tin of coke is containing 350mi).

Frum the findings of this study, we have determined that your fluid requirements
mxhhtersperhounfyouplayatﬂnsmtensityofexercweauﬂmawarm
enwmnnmtalcnndmon.

rasass . was a warm day (.... C),and therefore you did not perspire as much as you
would have if the temperature was higher. Therefore, yon did not loose as much
weight as you would have if it were hotter. '

Heart pate (HR) during the match is an indication of exercise intensity. Your target
heart : .:ange can be calculated using this formula: :

- Step 1, 220 = HRmax,

STEP 2. (I-IRmax) HRrest = trainable heart rate.

Step 3. (Trainable heart rate x .6) + HRrest = lower value

Step 4. (Trainable heart rate x .85) + HRrest + upper value.

Step 5. Target Heart Rate Range (THRR) = lower to upper values.

For example: To caiculate the target heart rate range for a ten year-old child the steps
are as follows.

Step 1. 220 - 10 = 210(HRmax)

Step 2, 210 - U = 120(trainable heart rate)

Step 3. 120 x .6 = 72 +90 = 162 =lower value.
Step 4. 120 x .85 = 102 + 90 = 192 =upper value.
Step 5. 162 - 192 = target heart rate range (THRR)

Exercising at this particular heart rate range, will improve the conditioning of your
cardiovascular system. The duration spent within your target heart rate range was very
short ....min and not enough to reach the expected cardiovascular training zone.
Generally speaking tennis is not a sport for cardiovascular conditioning, since level of
gkill is the primary determinant of success during a match. Therefore, if you intend to
improve your stamina, other types of sports should be included in your training
programme. For example distance running or cycling, or any other exercise involving
prolonged, continous exercise. '

We determined your oxygen consumption during the match collecting sampies of
gxpired air in our light-weight aluminium bags. From this we determinred how
intensively you exercised and how mutch energy you utilized during your game. On
average your VO, (oxygen consumption) was ....L/mia which translates into an energy
expenditure of ....Kjoules/min. We estimate ycu expended a total of ...... Kjoules in
the 90 min. '
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Hematocrit before match ..... - : _
Hematocrit after match ......... : :

Hematocrit refeérs to the percenmge of red blood cells in your Piood. Red blood cells
carry oxygen to the exercising muscles, and are therefore very important during

- exercise.

If you ioose a lot of water due to excessive perspiration, this decreases the amount of
water in your bicod and usually your percentage red blood cells will rise. 'We can
calculate the change in your plasma volume from your hematocrit levels and
hemoglobin concentration. This is an indication of extracelluar fluid loss. At this
intensity of exercise and with the amount of fluid that you ingested during the game,
there was no significant change in your hematocrit levels.

Blood glucose ievel before match .....mmol/L
Blood glucose level after match .. mmnl!L

Blood gir~ose refers to the concentration of glscose in your blood. After the match
your blood glucose levels are often higher because the liver is pouring hepatic (from the
liver) glucose into the blocd as an extra energy source and it takes a few minutes to
adjust to the reduced demand after you have stoped playing. As you can see your blood
glhicose rese/dropped but not significantly and this indicates that liquids contalmng
glucose need not be ingested during matches.

The electrolytes sodivm and potassium piay an important role in fluid volumes within
your body. They did not differ significantly from pre-match to post-match levels, Also
they were within the normal range for your age group. This, fogether with the
insignificant change in plasma volume (.... %) indicates that Round Robin Tournament
play does not put a marked strain on your circulatory system.

Remember the following:

If you play in a hot climate, or at the stariof the summer sporting season, you should
allow for 10-15 days for heat acclimatization to occur. During this time, you should
gradually increase the intensity and duration of your exercise sessions and practlce at
the time of day at which you usually play your matches.

You should wear light-weight porous clothing and drink fluids regularly during exercise
& 200-300ml per hour (if you weigh between 45-50 kilograms). This is dependant on
the intensity of your game and the environmental conditions, You must remember to
drink before and during the match. It is better to drink water every 10 minutes than
to drink a greater quantity at less frequent intervals. -

If the environmental temperamre is very bot (greater than 33 °C), you should decrease
the intensity of your exercise, or should avoid exercising for longer than 30 minutes at
atime, _
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I would Iike to advise ymi to keep this information for the purpose of comparison, in
the event of your child participating in 4 similar investigation in the future,

Thank-you very much for your support in our investigation, Please feel free to contact .
me should you have any questions regarding the findings of the study. '

APPERDIX B, |
FEEDBACK TO COACHES

. Sport Science Laboratory -
Division of Physicai Bducation
University of the Witwatersrand
Tel: 716-5716=

Thank you for participating in our investigation on ..../..../1992. We appreciate your
co-operation. With regard to the results of the study, I should like to report as follows:

a)
%
- All fall within the normal range for this age-group.
b) Rectal temperatures ("C):
Subjects pre post
w 1

The reason for taking rectal temperature, and not oral temperature, is that rectal
temperature gives the truest reading of the core body temperature.
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. The rectal temperature of ytmr players increased by ..... *C as a result of the match.

Rectal temperatures of 39 degrees celsius and above indicate hyperthermia. If the core
body temperature rises above 40,5 degrees celsius, the central nervous system is
gffected, and heatstroke may occur.

The major factor determining the degree of rise in core body temperature is intensity
of exercise. The secondary factor is the environmental condition. As you will note
from these results, the thermoregulatory adjustments of your players were very
efficient. Despite a mean of 90 minutes of play in environmental temperature ranging
from ....°C t0...."C, the mean body core temperature only rose by ...."C.

Body mass changes (Kg) are included in the table below:

Subjects pre _post

NN : LU 4 ..
P s «as

raseen *n =

LI

Y L .- -

The reasons for tlns mass Ims, include mainly sweating, fuel breakdown and reSplrabory
water loss.

To determine sweat rate (SR, Liter/hour) we use the formula:

SR = {fluid loss in fiters
playing time in hours

To convert body mass to volume you need to consider the density of sweat which is
1,003

Since Volume = mass _ = mass = liters
© density 1,003

You must liowever account for the breakdown of muscle glycogen which also causes
the release of water. This wiil account for + 50 % *of your mass loss. It is thersfore
a great mistake to encourage players to replace all of the mass lost during exercise.
This mistake has resulted in the increasing prevalence of water intoxication or
overhydration in distance runners and can be vary dangerons. As a coach, you need

to be very careful about this.

The sweat-rates (liter/hour) of your players ace included in the table below:

'. Sweat-Rate " Liter/ hour Ii |




143

The mean sweat rate of your tennis players was . ... Liter/hour, If we take the loss of
metabolic water into account, this leads us to a mean fluid replacement need of‘
therihour, when the ambLent bemperamre is ... 'C. "

Mean blood\glecose level before match ... mmol/i
Mean blood\glucose level after match .... mmol/l

Blood glucose refers to the concentration of glucose in the blood. After the maich
blood glucose levels are often higher because the liver is pouring hepatic (from the
liver) glucose into the biood as an extra erur;y source and it takes a fow minutes to
adjust to the reduced demand after exercise. As you can see the mean blood glucose
levels of your players rose and this indicates that fiquids containing glucose neeti not
be ingested during matches.

Heart rate (HR) daring the match is an indication of exercise mbenmty Target heart
rate range can be calculated using this formula: '

Step 1.220 - age = HRmax,

STEP 2. (HRmax) - HRrest = trainable heart rate.

Step 3. (Trainable heart rate x .6) + HRrest = lower value

Step 4. (Trainable heart rate x .85) + HRrest + upper value.

Step 5. Target Heart Rate Range (THRR) = lower to upper values.

For example To calculate the target heart rate range for a ten year-old child the steps
are as follows _

Step 1. 220 - 10 = 210(HRmax)

Step 2. 210 - 90 = 120(trainable heart rate)

Step 3. 120 x .6 = 72 +90 = 162 =lower value.
Step 4. 120 x .85 = 102 + 90 = 192 =upper value,
Step 5. 162 - 192 = target heart rate range (THRR)

Exercising at this particular heart rate range, will improve the conditioning of the
cardiovascular system. From figure 1 it can be seen that the duration spent within the

target heart rate range of your players was very short and not enough to reach the

expected cardiovascular training zone. Generally speaking tennis is not 2 sport for

cardiovascular conditioning, since level of skill is the primary determinant of success :-_ '
during a match. Therefore if you intend to improve the stamina of your players, other ..

types of sports should be included in the training programme. For example distance
running or cycling, or any other exercise involving prolongea, cuntinuous exercise.
Conclusions reached by the study:

The young tennis players in this study were able to balance their fluid needs and
regulate thermal balance within homeostatic limits during competitive situation.

This study confirms that dehydration induced hyperthermia is not a common feature of
tennis competition under the conditions of this stndy.
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Rates of fiuid intake (.... L/hr) and sweat loss (... L/hr) were sufficiently balanced to
prevent significant dehydranon in this competitive situation, when comldenng the_

' contnbutmn of water released by the glycogen breakdown.

Glucose solut:ons are nnt necessary for fluid replacement in children playing tenms of
90mits in dumtlon. '

Metabollc rates, appear to be important determinant of rectal temperature responses

under mild or warm environmental conditions.

Lastly, competitive tennis should not he considered as a sport for developmg optimal
cardiovascular fitness especially in novice tennis players. Other continuous forms of
exercise should be mcorporate in the training of children and young adults if the
cardiovascular system is to be developed.

Remember the following: )

If your playém play in a hot climate, or at the start of the summer sporting season, you
should allow for 10-15 days for heat acclimatization te occur. Durmg this time, yon
should gradually increase the intensity and duration of the exercise sessions and practice
at the time of day at whxch you usually play the matches.

The players shoutd wear light-weight porous clothing and drmk fluids regularly durmg
exercise 3 200-300ml per hour (if they are weigh between 45-50 kilograms). This is
dependant on the intensity of the game and the environmental conditions. They must
remember to drink before and during the match. It is better to drmkwaterevery 10
minutes than to drink a lot at Iess frequent intervals.

If the environmental temperamre is very hut (gteater than 33 degrees celsius), you
should decrease the intensity of their exemlse, or should avoid exercising for longer
than 30 minutes at a time.

We once again thank you for your assistance in our research project and apologise for
the delay in sendmg you the results. We do hope that you will find this information of
interest.

Kostas Kavasis | . Edith Futre
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- (i:lppg‘:;lix C.1.1: Pre-match anthropometric and physical characteristics of the subjects
-
Group Sub- . Age’ Mass |Height BSA" BSA/mass % Body
ject . (years) (kg) ) (% ratio fat
1 RW 135 416 155 135 324 670 -
iBc | 128 [302] 140 | 128 26 | 751
K.K 127 | 43| 166 | 152 311 14.01
LP 24 | 500 | L62 151 302 11.43
ER | 124 [ s62| 113 | 166 295 12.46
MR | 131 |462]| 160 | 145 313 830
BR | 126 |481| 16 | 149 300 614 |
BD | 128 |32| 152 | 12 341 681 1|
> |ler | 124 |1 170 | 1re7 287 8.36
v | 14 |4a67] 151 | 14 306 8.93
MJ | 122 |22 | 140 | 105 386 7.04
PW | 127 | 35| 15 | 128 341 6.62
EZ | 14 | 486 153 | 142 29 12.56
PM | 112 | 558) 148 | 148 265 17.82
KW | 126 |s60| 165 | 16 287 | 1719
sw | 127 lwel| st | 127 337 7.02
3 |CB 14.2 588 | 1.65 1.64 278 10.90
BW | 155 |67 ]| 177 | 186 266 9.75
[P | w12 |43 153 | 140 302 14.86
Av | 151 | 58| 174 | 16 299 1.52
AR | 150 |a0) 1e¢ | 14 332 7.31
KK | 149 [ 527] 167 | 158 299 7.52
KB | 148 |568| 174 | L68 295 691
i pJ | 152 |40] 156 | 13 315 6.97

* Body surface area



Appendix C.1.2: Skinfold measurements (um) of the subjects m=24).
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Ii Growp | S | Tcep | Sur | Abdo | Suprs- | Thigh | Calf
| ject scgodar | minal | illiac ' -
1 |rRw | 32 50 | s2 | 34 | 92 | s2
BC | 96 51 | 52 | 39 | 150 [ 81
KK | 77| 77 | 122 ] 78 | 102 | 60
LP | w0 | 96 168 | 92 | 164 | 162
'R 16.1 10.5 238 | 156 | 254 | 212
MR | 10,0 6.0 96 | 48 130 | 11.0
BR | 194 74 | 22| 54 | 214 | 146
| [BD | 92 | a8 22 | 28 | 2] 10
% 202 | 706 | 15| 66 | 1535 | 115
SD 4.4 2.26 571 | 424 | 558 | 533
2 |GH | 80 6.8 9.4 58 { B8 | 12 |
LV 14.0 6.6 66 | 40 | 176 | 1.6
M] | 86 3.8 44 | 32 | 1.8 | 106 |
|ew | 80 4.8 4.4 32 | 12 | 68 |
ez | 164 96 | 192 | 100 | 24 | 174
PM | 206 194 | 244 ] 24 | 338 | 244
Xxw | 204 | 136 | 24| 204 | 262 | 260
S.W 70 54 6.0 4.4 100 | 94
% 1287 | 875 | 1335 | 917 | 1835 | 146
SD 5.73 531 | 1065 | 787 | 846 | 7.15
3 |cB | 12 8.2 140 | 140 | 155 | 13
| BW | 96 6.6 106 | 56 | 210 | 148
DG | 188 160 | 266 | 154 | 240 | 160
AV | 110 7.0 g4 | 40 | 84 | 82
|aR | 78 4.6 54 | 40 | 126 | 106
KX 9.2 6.0 1.6 32 | 126 | 84
KB | 60 6.0 7.8 42 | 100 | 12 |
P 56 5.0 50 | 54 | 130 | 78
% 1005 | 742 | 1067 | 697 | 1463 | 109
D 430 3.64 704 | 484 | 534 | 357
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Ap"aend:x C.2: Enviroumental conditions durmg the five expemnmtal sessions: Gmund

Temperature, Relative Humidity, ‘Wind speed and Barometric Pressure.

T sroun

Values are expressed as minimum and maximem

Toeoma: Ground temperature

(%) (O (m.sec’)  (mmHg)
Group 1 22.02.92 70 25632 081 643
' 07.05.92 60 241268 0208 6365
‘Group 2 _ _ . : :
: - 19.03.92 46 30-30.4 0.3-0.7 635
. .‘.IU
26.03.92 38 28-32.2 0.1-0.2 636.5
Group 3 o ' _
02.04.92 34 34,4-36 0.3-0.8 636
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Appendlxcs 'I‘.lmespmtnnder,thhma:r abovethetargetl{RmneandT changes

of the subjects (n**24)

U, THRR: under the target heart rate range
W, THRR: within the target heart rate range
O, THRR: over the target heart rate range
Pre: before the match

Post: after the match

w Playmg pre Post AT,
THRR | THRR | time T, |T, o)
(min) | Gmin) | (min) S "
1 |jw | 4 | =3 0 %0 376 | 38 | 04
BC | 48 | 48 0 9 373 | 385 | 12
Ik | s | =4 3.5 113 175 | 388 | 13
LP s¢ | 30 0 84 376 | 38 04
KR 57 25 0 82 37.4 38 | 06
MR | o3 5 0 o8 37.5 38 0.5
B.R 26 44 0 70 375 | 384 | 09
[ep | & | 28 0 89 | 375 | 382 | o1
2 |om | s8 0 88 5 | 378 | 03
IV 88 0 0 | a8 %68 | 377 | 09
MI | 16 €6 8 90 372 | 38 | 08
PW | 55 33 0 88 372 | 39 | o7
E.Z 89 0 0 89 37.7 38 0.3
{pm | 88 0 88 372 | 381 | o8
xw | 26 63 0 89 376 | 385 | 09
sw i 1 | 1 0 90 37.1 | 38 0.9
3 [cB 87 3 0 90 376 | 38 | 04
BW | 71 19 0 90 372 | 319 | o7
DG | 6 23 0 90 374 | 383 | 09
AV 87 3 0 90 376 | 384 | 08
AR | 54 | 36 0 50 372 | 382 | 1
KK | 81 9 0 90 372 | 381 | 09
KB 36 4 0 9 | 377 | 383 | 06
I | 4. | s0 0 | o 375 | 382 | o7
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Appendix C 4: Eshmated mean grams of earbahydrates and fat omdmeﬂ aml the euergy
released by their oxidation dunng the 90 in of tennis plny.

Sub- RQ | Totalg’r Totalgt KJ from K from .
[ ject CHO | . fat | cHO | ‘mt
kR |oss | 7 | 1309 | 800
o dee Joestf 5 | u 1215 | 560
" IeDp lom | % .| 14 | 9 560
IR oo | e | 1 1173 520
2 |my {oss | 35 | 15 | 05 600
GH |os | 1 | = 204 1240
BEZ | 078 21 28 357 1126
Isw Joso | 24 | 25 | am 900
3 |xx |oo4 | 94 | 10 1508 400
pe |o% | w1 | s | wm 240
AR | 08 66 | 16 1088 640
PJ | 094 95: 10 | 1615 400
fca |ost| s | 16 1445 640
X 087 | 6215 | 1658 | 1056 | 6815
SD 006 | 3028 | 715 | 546 | 2864 |
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Appendix C.5.1;Pre- and post- match values of selected blood constituents of the subjects.

g Growp |Sub- | Hb(gdr) | Hex(%) | Ghuc(umol.ed) | TPRGz.%)
 lject | pre post | pre post pre_post | pre post
1 1 Jrw] - - | 43 49 |[m 90
H B.C - a3 44 |71 ®
KK | - - | a8 56 |1 o8 |
Le | - | - |49 50 |85 90 |
KR | - - 45 57 |82 &
MR | - - 130 45 |78 %0
B.R . - 39 - 83 -
BD | - - | 30 - 83 -

2 |GH |145 150 (381 390 | 25 44 |75 75
v |38 133 |37 355 | 40 44 7 78
MJ |140 134 [37 354 | 39 36 |80
PW |143 143 (384 380 | 38 51 81 81
EZ |140 142 [384 383 | 46 42 |75 13
PM {131 13.6 {338 353 47 49 75 71
KW |38 136 |32 362 | 54 75 |82 8
SW 1135 136 (363 362 | 44 47 4 T3

3 |cB |15 B2 |32 346 | 57 54 73 75
BW |145 145 |39.0 381 73 51 |1 |
DG [131 13.4 [335 341 | 54 55 |71 75 E -
AV |158 163 409 411 | 54 53 | - -

AR 136 134 357 341 | 50 56 |71 80
KK [151 153 389 388 | 61 53 |87 -
KB |40 141 36.1 359 .| 53 47 89 86
P |140 143 [389 388 | 59 52 |76 80

Figures for players resident at the Witwatersrand aititude (3.1740m)
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Appendix C.5.2: Pre- and post-match concentrations of selected plasma electrolytes
{mmol.dl") of (he subjects (n=24).

P K+ cr B
ject | pre post pre _post | pre post pre  post
RW [ 146 147 |40 40 |10 14 070 0.7
BC |44 145 |47 46 [111 13 [o% 070
KK {141 146 {41 40 l106 112 |100 198
LP {143 145 l44 a3 {10 10 Joso -
KR |5 148 |42 41 |18 10 [100 090

MR [145 146 |42 42 [113 113 {192 090

BR |16 - a0 . (w9 - |10 -

| BD |45 - |40 - |8 - |om -
2 leH |40 137 |39 40 {107 108 105 104
i IV o j139 138 |36 39 |17 106 |12 103

IM3 |137 138 |33 38 |14 106 |100 097
PW |139 141 |41 40 |07 108 |ri 110 |
EZ |14t 141 (3% 38 |19 109 |09 090
PM |138 137 |37 38 Jie 11 losr 090
KW 139 141 |36 33 [105 110 |09 0.5
sw |41 142 |38 37 |19 11 |09 o092
3 |cB |18 140 Ja0 38 [106 11 |097 054
BW [139 143 |41 36 106 111 |08 091
DG |139 142 |38 38 |19 110 |1.00 097
Av |12 143 [33 34 {106 110 Joo2 091
AR [161 143 |39 35 [10 10 |08 o081
KK 142 141 |37 41 |19 109 [095 o088
KB |141 144 |33 38 |110 115 |08 086
Py | 139 [38 36 (106 1. Jos2 101

pre: pre-match values
post: post-match values



Appendix C.5.3; Percent Ht, Hb, TPP and blood vohme compartment changes of groups two and three,

. - E— — _
| Group [sub. | b He | TPP' | BV Mcv | Rev | PV | TRP™
2 |GH | +34 | #2682 | o 34 | +07 | 08 | 520 | 52
v | 36 | 4% 0 +37 | 053 | +029 | 4590 | +5.90
MJ .| 428 | <432 | -125 | +43 0 021 | +750 | +625
PW | 0 | -Lo4 6 0 | +1.08 | 104 | +060 | +0.61
EZ | +142 | +1.04 | 266 | -14 | +027 | 037 | 210 | 476
PM | +381 | +443 | 4266 | 38 | 052 | +046 | 630 | 3.63
KW | -l44 0 +121 | +15 | -157 | +150 | +140 | +261
sw | +074 | 027 | 135 | 07 | +1.08 | 097 | -060 | -195
3 |ep | 22 | a0 | v2mm | 423 | 029 [ +osa | 4314 | 4587 |
| BwW 0 230 | +1.28 0 +237 | 230 | +147 | 4275
DG | +229 | +179 | +135 | 22 | +05 | 044 | 318 | -1
AV | +316 | +0.48 - | 81 | 4257 | 262 3.42 -
AR | 147 | 448 | +126 | +15 | 4318 | 308 | 4392 | +518 |
KK | +1.32 0.25 - 3 | 4170 | 154 ey -
i KB | +071 | 055 | 337 | 07 | +1.14 | 124 | 048 | 385
PI_| 4204 | 025 | 4536 | 21 | 4245 | 233 | 193 | +33
*; calculated from pre- and post exercise TPP values, *: calculated from PV changes

444



Appendix C.6: Measured aud estimated total fluid loss, and fluid replacement needs of the subjects (n=24).
: e e . .
GROUP S, | FiM ABM u ™ML MFU Mwr RWL % wn 5
Kz ¥z .3 f Kz K F- { t 3 deh.
t EW 415 a1 05 0.500 1000 0048 000 046 oS 0452 11
BC 2 n2 04 050, 040 L 0086 0od amz 030 100
KK Py a3 05 0.6%0 L1 o119 o7 noes 0545 0.4 ass
LP 500 23 07 0,190 0,800 0.075 0.0k o044 o.m 038 076
KR 62 83 os 0.6 Li4o o007 o0e 056 0587 040 0x?
MR 452 485 a1 0.60 1350 o084 0040 0.040 1386 050 13
BR 1 413 08 0.410 1210 0,082 005 oot 1.083 .58 L1l
BD 372 3646 06 0.210 0510 0om 0,045 0040 0.0 034t . 0
2 GH 8.1 516 03 2.60 ™ bots a0 s 1009 - 0.514 0.8
w &7 w7 00 05m 050 0054 0847 0.048 s 0435 om  ff
e n2 72 00 a0 030 0.050 Ty oan o 215 036
W 375 72 23 017 040 005 009 048 0:384 s 050
EZ 4 55 o0 0.5% 0.5 . now oo 0.9 [y 919 847
M sz 57 0l 5.5 0.600 a.0m 0.067 008 nam 0.0 o4
KW 60 555 ok 2300 078 ous a0 o.m2 0564 03¢ o8
5w w8 =3 03 D40 00 008 0wt s s 0.0 on_ §
3 CB 23 81 27 031 109 001 064 0.00 o5 047 0.1
o @1 2.6 N 0.150 1250 0am [T 016 118 o5m e
DG 453 4.1 02 0360 0560 o107 0.062 0,054 0.400 0,156 0.42 H
AV 558 550 0.8 0.20 1,090 0090 008 0,52 o548 (X1 084
AR g a4 0.6 0,300 0.0 2060 0452 a5 0T 0384 oa "
RE 23 23 04 oIm o5 o104 .06 oS 0.413 o2m 08
KB 558 559 09 150 1,40 el v o 1300 asis | 1. i
£l up a5 05 03w 0810 0.105 . 0063 054 G851 o321 on !l
- 2 T T R e T P

€51
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Appendix C.7.1: One way amova on group for select'ed' anthmpomemc
physiolegical, mefabolic and biochemical characteristics at the 5% significance Jevel,

Parameters Foratio Sign.  Location of difference

~ Age (years) 66.886 - .0001 1<3, 2<3
Mass (Kg) o NS B
Height (m) - 3.672 0429 2<3
BSA@m» = | - ‘NS - .
BSA/mass ratio NS
Fat (%) | NS
Skinfolds : . ' NS
Under THRR (min) | NS
Within THRR (min) . ... NS
Over THRR (min) ' NS
Water ingested (kg) 23.192 L0001 2>1,2>3,1>3

T, changes (*C) | NS

Total Sweat Loss (f) 3.782 0396 1>2
Sweat-rate (£.hr") - 3543 0472 1>2
Total dehydrriion (%) 8.697 - 0018 1>2,1>3
. dehydration (%) 7.936 0027 : 1>2,1>3
T™ML (Xg) 5.690 0106 1>2
Water deficit (£.0) 3.601 0452 1>2
Totai KJ NS
Total CHO oxidized (gr) 22,272 0001 2<1,2<3
T 2 fat oxidized (gr) 8.036 0026 2>1,2>3
Metabolic water produced (gr) 4.037 0329 2<3
Hb o NS . '
Hct A NS
TPP* : _ ' NS
BV ' : NS :
MCV 7912 0138 2<3
RCV 7912 _ 0138 2<3
PV NS '

TPP" 8.634 0026 1>2,1>3

where 1: group one; 2: group two; 3: group three
*: calculated from pre- and post-match TPP values; ™: calculated from plasma volume changes
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Appendlx C.7.2: One way anova on selected baseline and post -nintch means between the
sabject groups at the 5% significance level.

l

T, NS
postT, NS
pro- BM | - e
pre-.I-Ih. | NS |
pre- Het .' | Né
pre-Na R 0000 | 152, 1>3
pre- K | 8219 0023 1>2,1>3
pre-Ct | NS
pre-Mg NS
pre- Glucose o 12.08¢ 003 1<3,2<3
pre- TPP | NS
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Appendu* T.8.1: Cn-eﬁuentsofcorrelahon of anﬂ:mpometm: and physical characteristics
of the subjects (n=24).

= } - N l. .
Q&&%ﬂﬂ—mﬁfﬁmi tion _coefficie |
Variable 23 s 5 6
1. Age (years) 29 48 37 12 .35
_. o aer 0171 0685 5512 0931
2. Mass (Kg) | — & 97 o3 38
3, Height (m) | 91 .59 04
| | C0000 . 00t 8323
4. BSA @MY | -85 21
| 0000 .1880
5. BSA/mass | | - ' -53
- 0074
6. Body fat (%)
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Appendix C.8.2: Correlafions coefficients of percent changes in blood volume

compartmeats of groups two and three.

s —_——
e —

1= 11\ 1}

Variable 2 3 4 5
1.V -29 31 .98 83
(13) ) ) (12
- 3360 2743 L0000 .0008

2. MCV -9 -.031 11
: ' s 1y 13)
0000 9115 6975
3.RCY .10 047
(16) (i9
7054 8728

4.PV .85
(14)
.0001

5. TPP"

(n): (sample size)
p: significance level
*: calculated from plasma volume changes




Appendix C.9: Correlgtion coefficients of 13 variables with post-mateh T,..

Coyrelation

Significapce

® ®)
Group 1
UTHRR (inin) -.3726 .3636
WTHRR {min) 8401 050"
OTHRR (min) C 7524 0312
Body mass {kg) -1443 7331
BSA (m®) -.1146 1870
BSA/mass (n/kg) 1569 J105
Body fat (%) 3921 3367
Water ingested (ml) 1864 .6585
Total dehydration (%) 0307 9425
‘Total swat loss {£) -4574 2545
ABY (%) - -
APV (%) - -
TPP" (%) - -
Group 2
UTHRR {min) ~3469 1606
WTHRR (min) 5766 1346
QTHER (inin) - -
Body mass (Kg) .2283 5865
BSA () .1858 6596
BSA/mass (m,/kg) 2020 6314
Body fat (%) 6961 .0552
Water ingested {ml) -.4846 2236
Total dehydration (%) -3636 3760
Total sweat loss () - 1076 7998
ABV (%) -0120 9776
APV (%) 0196 9632
ATPP* (%) -.0887 .8345
Group 3
UTHRR (min) L0111 9792
WTHRR (min) 0087 9817
OTHRR (min) - -
Body mass (kg) -5545 . 1538
BSA (m,) - 4442 ¢ 2702
BSA/mass (m;JKg) .582¢9 1294
Body fat (%) - 1176 7815
Water ingested: (i) 5454 .1620
Total dehydration (%) 6053 118
TSL (L) 3160 4458
ABV (%) -.6203 0946
APV (%) -.6265 L0965
ATPP* (%) -.6214 1878

*: calewtated from PV changes
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Appendix C.10.1: Simple linear regression equations of physiological variables in the three
suhject. Eroups.

Response _ Equation St I
VO(Growp one) 4 = -18.283 + 266107X, 518 071 15
VO,(Group two) ¥, = -3.52553 + .162785X, 4.93 0.67 33
VO,(Group three) ¢, = -3.79722 + .183652X, 3.00 070 12
VO, (Total Group) ¢, = -5.57484 + .185953X, 446 0697, %0
GROUP ONE

Final T.("C) ¥, = 37.6937 + 0164163X, 017 08 . 8
Final T,(*C) - ¥y = 38.1571 + .183673X, 021 075 8
Water ingested(f) ¥, = 1.37928 - 8.7596X, 009 087 8
Water ingested(f) ¢ = 1.35682 ~ ,390521X; 013 074 8
C120UP THREE

Water ingested(f) ¥ = -135.241 -+ 256.868X, 76.4 0.72 8

Wi {702 (mi.Kg*.min); Xl; HR (bpm)
The predictor variables X,, Xs, Xy, X3, X, represents:

X,= min spent within the target HRR; X;= min spent over the targo: HRR; X,= water deficit
(8); Xs= total dehydration (%); X= total dehydration {%);

SE= standard error of estimation; r= correlation coefficient; n= number of observe*i~us -
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| Appendii C.10.2; Simple linear regresmon equations of percent blood parameter ch:mges

— —

r n
varible
GROUP TWO
BV ¥y = 0382519 + .623619%, 0.95 095 g
BV = -0671038 + .(14026X, 036  0.99 8
PV ¥s = -.154953 + 8N35IX, LT 094 8
MCV ¥ = -.0764298 - 930937X, 0.10  -0.99 8
GROUP THREE
BV Vs = -.560287 + .653620X, 049 096 g
MCV s = 140557 - 1.03395X, 0.11 099 8

The predictor varibles X, X,. X;, X, X;, X, represents:
X, = PV changes calculated from Hb and Hct valueé B
X, = protein changes calculate from PV changes
X, == protein changes calculate from PV changés
X, = mean corpuscilar Hb changes
X; = PV changes calcuiated from Hb and Het values
X; = mean corpuscular Hb changes
SE = standard ervor of estimation

r = correlation coefficient
11 = number of observations



Mg**

NaCl
PFK

%HRmax

post
pre
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APPENDIX D

ABBREVIATIONS

arteriovenous O, difference
American Academy of Pediatrics __
American Academy of Sports Medicine

_antidivretic hormone -

adenosine triphosphate
active vasodilation
beats per minute
body surface area
blood volume

degrees celsius *

~ carbohydrates

plasma cloride

carbon dioxide

creatine phosphate - _

percent plasma volume changes
end gystolic volume

exempli gratia (for examplelfor ms'wnce)
er alii (and others)

figure

ion concentration _
hemoglobin cancentration
bicarbonate

hematocrit

high density lipoprotein

heart rate

heart raie range

heart volume

id est (which is to say/in other words)
plasma potassium

kilogram

kilojoule

liters per hour

liter -

left verticular muscle mass

mean corpuscular Hb concentration

' mean corpuscular volume

plasma magnesium
minute

plasma sodium

sodium cloride
phosphofructokinase

acid-base balance :
percentage of maximum heart—rate
after the imatch

before the match .



plasma volume
respornde
respiratory quotient

- skin blood flow

succinate dehydmgenase
aweat vate -

ambient temperatore
body core temperature
dry bulb tempezature
globe temperature

target HRR (60-85% of HRmax reserve)

over the THRR (>83% of HRmax reservs) .
under the THRR (<60% of HRmax reserve)
within the THRR (60-83% of HRmax reserve)
total plasma protein

rectyl temperature

-set point temperaturs threshold

skin temperature

mean skin temperature

wet bulb temperature

weight sum temperature (T,,+T*)

maximum volume of exygen consumption.min L

versns

wet bulb globe temperature mdex
year(s)

zone of optimal function
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