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Abstract

This thesis aims to identify physwloglcal and biochemical variables, comparing sex,
training status, age and maturity in sub-elite, endurance trained adolescents. Maximal
lactate steady state was investigated and the effects of endurance training programmes
measured. The first study assessed the reliability of absolute running speed, VO2, and
HR that correspond to the fixed blood lactate reference values of 2.0 and 2.5 mmol. L!

and the lactate threshold (LT) and found these measures to be reliable after
endurance-trained adolescent runners completed two identical incremental treadmill
tests within a 7-10 d period The second study was designed to determine the
relationship between physiological variables and endurance running performance in
this age group. Track-based, running performance times were available for 18 boys
and 14 girls for the 800 m, and 16 boys and 13 girls for the 1500 m. The participants
were tested using a step-wise incremental treadmill test and a Wingate anaerobic
power test (WANT) on separate occasions. The results from this study found that for
the 1500m, running speeds corresponding to the fixed [BLa} were a useful measure
for assessing performance in endurance trained boys and girls. Unlike previous
studies, peak VO was not a significant physiological predictor of 1500m
performance in either boys or girls. For the 1500 m performance in girls the anaerobic
measure was no longer significant once variations in size or age had been taken into
consideration. Whereas v VO, peak and running economy may prove to be of some
value when considering the 800m for boys, the running speed corresponding to a
[BLa] of 2.5 mmol-L™” was the only meaningful physiological predictor variable for
girls once differences in age and body size had been accounted for. The third study
had three main objectives: (1) to identify the exercise intensity that corresponds to the
(MLaSS) in adolescent, endurance trained runners, (2) to examine possible between
sex differences, and (3) to compare the MLaSS with commonly cited fixed blood
lactate reference variables. The participants were first tested using a step-wise
incremental treadmill test to establish the blood lactate profile and peak VO,. The

running speed and % peak VO, at the MLaSS were not s1gmﬁcantly different to
those corresponding to the fixed [BLa’] of 2.0 and 2.5 mmol-L" (P>0.05). The % HR
max at 2.5 mmol'L" was also not different to that at the MLaSS, whereas at 2.0

mmol-L™ it was slightly lower (P<0.05). The running speed, % peak VO, and % HR
max at the fixed [BLa'] of 4.0 mmol-L” were significantly higher than those at the
MLaSS (P<0.05). In conclusion, it is clear that the MLaSS corresponded to the
relatively high exercise intensity in this sample of athletes. It would appear that the
running speed, % peak VO, and % HR max at the MLaSS lies somewhere between
the fixed [BLa] of 2.0 and 2.5 mmol-L". These results confirm earlier work that has
suggested a fixed [BLa’] of 2.5 mmol-L” may be used with young people' to assess

and monitor endurance running performance in place of the more commonly used 4.0
mmol-L"! that has received so much attention in adult-based studies.

The fourth study examined the effect of exercise training on endurance performance,
blood lactate profile in relation to running speed (RV) and cardio respiratory function
(peak VO,) in adolescent runners. This study demonstrated that resting HR, LT and

! Use of the expression young people is increasingly common since the publication of the text, Young
Peopl_e and Physical Activity by Armstrong and Welsman in 1997. It is used within this document to
generically represent the 6 to 18 year age group.
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RV, HR,VO; and peak VO, at LT were significantly influenced by endurance
training. When running time, running velocity and run performance time pre and post-
intervention were included in the analysis, the intervention did not have a significant
effect on peak VO,. When percentage body fat was included as a covariate, there was
a positive association with pre and post-training for all groups. The conclusion from
these data is that maturity and training both have an effect, especially at supra
suggested training levels.

The results of the four inter-linked studies support an age-related increase in
endurance in aerobic and anaerobic performance and indicated significant differences
between boys and girls. From a coaching viewpoint the results reveal that, from the
age of 14 to 18 years, runners should be introduced to high intensity training and that

changes to the format of middle distance running performance in adolescent
competition are recommended.
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GLOSSARY

Absolute VOzn4; the amount of oxygen consumed over a given time period;
expressed as liters per minute (L'min™).

Acidosis is an abnormal increase in blood hydrogen ion concentration (i.e. arterial pH
below 7.4).

Adolescence is a stage of development characterised by unprecedented physiological

changes in the musculoskeletal, cardiorespiratory and reproductive systems of the
body.

Aerobic threshold (AT) The running speed and/or VO, just below that at which
metabolic oxidative and the associated changes in gas exchange occurs.

Anaerobic threshold a commonly used term to describe the onset of anaerobiosis
(Wasserman et al., 1973) detected either by the initial increase in blood lactate or by a
rapid increase ventilation or certain gas exchange parameters during exercise.

Catecholamines organic compounds that include epinephrine and norepinephrine
(see glossary).

Children- <11 years old (prepubescent).

Epinephrine a hormone secreted by medulla of the adrenal gland that has effects on

the heart, the blood vessels metabolism, and the central nervous system; also, called
adrenaline.

Lactate threshold (LT) a commonly used term to describe either the initial increase
in blood lactate above resting levels or an abrupt increase during graded exercise.

Also, is defined as the running speed and/or VO, at which there is a sudden and sustained
increase in blood [lactate] above baseline.

Lactate acid an intermediate metabolite representing a means of distributing

carbohydrate energy sources resulting from incomplete breakdown of either glucose
or glycogen.

Lysed blood lactate a means of determining the lactate concentration in blood
following centrifuge of the blood sample to break down the red blood cell walls. This
process results in the release of intra-cellular lactate into the extra-cellular fluid.

Maturity refers to distinct biological activities that include both tempo and timing of

progress towards the biological state and consequently varies with the biological
system that used to assess this state.

Maximal lactate steady state (MLaSS) is defined the highest steady state exercise
intensity that can be sustained whilst maintaining equilibrium between the processes
of blood lactate accumulation and elimination. Also, is defined as the running speed
above which [lactate] will rise until fatigue runs during prolonged exercise.
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Maximal oxygen uptake (VO,ns) greatest possible rate of oxygen uptake
(consumption) by the body measured during severe dynamic exercise, usually on a
cycle ergometer or treadmill. The most common employed indicator is a plateau in the

oxygen uptake-exercise curve. This term can be expressed in several ways absolute,
mass related or relative to body mass (ml'’kg'min™).

Norepinephrine a hormone and neurotransmitter; released from the postganglionic
nerve ending and the adrenal medulla. Also, called noradrenaline.

Onset of blood lactate accumulation (OBLA) the running speed and/or VO, when
blood lactate concentration [La] reaches 4 mM reference value.

Peak VO, the greatest possible rate of oxygen uptake (consumption) by the body
measured during severe dynamic exercise where a plateau in the oxygen uptake-

exercise curve is not demonstrated. Several other subsidiary criteria are used to
indicate a maximal effort during the exercise.

Relative VO, oxygen uptake (consumption) expressed in relation to the peak or

maximal value attained during a graded exercise test; expressed as a percentage in this
dissertation (e.g. % peak VO,).

Steady-State describes when a control system (e.g. respiratory) achieves balance
between supply and demand during exercise over a time period.

Ventilatory threshold (VT) a commonly used term to describe an abrupt increase in
ventilation during graded exercise. Also, defined as the running speed and/or VO, at

which the fast loss in the Vg . VO,, relationship is observed.

Weight related VO, oxygen uptake (consumption) expressed per unit body mass (e.g.
ml'kg’l'min'l).

Whole blood lactate a means of determining the lactate concentration in blood

without treatment of the sample (i.e. no need for protein precipitant, glycolytic
inhibitor or centrifuge).

Young people is used to describe individuals who are < 18 years of age.
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Chapter One
Introduction



1.0 Introduction

This introductory chapter provides a brief overview to examine the physiological and
biochemical indices and correlates with endurance running performance in trained
adolescent runners and the effects of training programme on these variables. Then to
understand the limitations of the correlated indices with running performance in this
group of population before addressing either aerobic or anaerobic running performance

programme. The aims and objectives are presented, and experimental plans in the thesis
are explained.

1.1 Overview

The highest speed that can be maintained over a set distance, or over time, will
determine the relative success of an endurance athlete (Billat, 1996). Several
physiological measurements have been used to predict endurance running performance
in adults, including peak oxygen uptake (VO,), running economy (sub-maximal VO,),
blood lactate threshold (LT), and fractional utilisation of peak VO, (Unnithan et al.,
1995). Longitudinal research has suggested that between 14 and 21 years of age,
superior running performance may be associated with high absolute, rather than peak
VO, relative to body mass, i.e. L.min™ not mLkg"'.min" (Murase et al., 1981). In
another study, ventilatory threshold (VT) was related to 3000 m time trial performance
in prepubertal boys (Unnithan et al., 1995) although the authors concluded that peak
VO, (mL.kg"' .min™) appeared to be the single most important factor associated with
success at 3000 m. Within a group of eight child cross-country runners, anaerobic
capacity and running economy were closely related to best career mile (BCM) run time,
whereas peak VO, was not (Mayers and Gutin, 1979). However, the inter-subject
variability for the time period between the measurement of BCM and peak VO, may
have affected the results. Moreover, mile run time, which was measured at the same
time as peak VO, was significantly correlated with peak VO, (r = -0.88). In contrast to
these findings, it has been suggested that in mature populations the measurement of
blood lactate (BLa), when used in conjunction with maximal VO, or running velocity,
may provide the best method to predict and monitor endurance running performance
(e.g. Nichols et al., 1997). This is especially relevant when attempting to differentiate
performance within a homogenous trained group of athletes. Whether blood lactate can

be similarly used to predict endurance performance in adolescent children has yet to be
fully elucidated.



Increases in blood lactate concentration in response to sub-maximal exercise in adults
have been described using an assortment of terminology. This may have led to some
confusion in deciphering the main practical uses of blood lactate for monitoring and
predicting endurance performance. Disparity in research findings involving children and
adolescents may have resulted from differences in procedures in the measurement of
blood lactate. It is clear, however, that considerable age-related differences in the blood
lactate response to exercise between children/adolescents and adults (Tolfrey and
Armstrong, 1995). Therefore, it would be prudent to assess the way in which lactate
measurements taken during exercise might be employed to predict and monitor
endurance performance in children and adolescents.

It has been suggested that the maximal lactate steady state (MLaSS), the point of
equilibrium between lactate production and removal, may represent the highest constant
exercise intensity that can be performed for prolonged periods of time (Heck et al.,
1985; Beneke and Von Duvillard, 1996; Jones and Doust, 1998). Hence, it may be used
to quantify, monitor and predict endurance performance (Heck et al., 1985). Studies of
the MLaSS with pediatric populations are rare and have presented equivocal results. In
one of the earliest reported studies (Mocellin et al., 1990), the MLaSS for 10-12 year
old boys was 4.6 + 1.3 mmol.L"". In stark contrast, MLaSS concentrations of only 2.3 £
0.6 and 2.1 + 0.5 mmol.L"' were reported for 13-14 year old girls and boys respectively
(Williams and Armstrong, 1991b). The differences between the above values indicated
that double values were obtained by Mocellin et al., (1990). These differences may be
partially ascribed to variations in protocol and blood assay techniques. Identification of
the physiological predictor variables for endurance running performance and the
MLaSS in adolescent children are significant for three reasons: (1) it should be possible
to improve future competition and training strategies with this population; (2) a valid
measurement of endurance fitness can be used to predict athletic potential; and 3

MLaSS is considered by many to be the criterion measure of cardiorespiratory fitness.

1.1.1 Aims and objectives
1.1.2 Aims

The aims of this thesis are:

i) To identify physiological and biochemical correlates of middle distance performance
time in adolescent runners.



ii) To investigate the effects of high intensity of MLaSS throughout training programme
on running performance time and correlated issues.
Attainment of these aims will help improve our understanding of adolescent’s
endurance trainability and provide insights into suggested levels of exercise
intensities and physiological and biochemical responses to the % of maximal aerobic
performance running speed This determination will help coaches develop more

precise training programmes for adolescents middle distance runners.

1.1.3 Objectives
The Objectives of this thesis are:

1) To compare the test-retest reliability of the identified physiological and
biochemical variables those are most strongly associated with endurance running
performance in sub-elite, endurance trained, adolescent children.

2) To identify the physiological and biochemical [predictor] variables that are most
strongly associated with endurance running performance in sub-elite, endurance
trained, adolescent children. Differences in subject characteristics will allow for a
number of important comparisons to be made, these include comparisons by (a)
sex; (b) training status; and (c) age or physical maturity.

3) To investigate the maximal lactate steady state (MLaSS) in adolescent children
using a series of prolonged constant load exercise stages. The relationship
between MLaSS, the predictor variable(s) outlined in the second aim above, and a
variety of different endurance based running tasks would be assessed absolute,
body mass relative and fractional utilisation oxygen uptake values (L.min”,
mLkg'min?!, and % peak VO, respectively), and running velocity that

correspond to the MLaSS would also be determined. The % peak VO, and

velocity at which the MLaSS occurred would then be compared to that seen

during a standard step-wise incremental running test.

4) To study the effect of endurance training programme in adolescent children on
the predictor variable(s) identified in the first aim above and also on the MLaSS.
This would be achieved via a longitudinal, prospective research design providing
original data regarding the endurance trainability of adolescent children. This

study would include both girls and boys, allowing a between sex comparison.



1.1.4 Experimental plans

The research programme will consist of a series of inter-linked studies. Latter stages of
the programme will build upon the findings of those that precede them.

Stage 1. The reliability of blood lactate variables used to assess and monitor endurance
performance does not appear to have been reported with the paediatric population.
Therefore, the primary predictor variables identified at previous programme stage 1
(above) will be assessed for the reliability of the absolute running speed (km h'l), VO,
(L - min™), and HR(beat ' min™') that correspond to fixed blood lactate reference values
of 2.0 and 2.5 mmol * L, and the lactate threshold (LT) in 20-25 endurance trained
adolescent runners. Participants will complete two identical incremental treadmill tests
within a 7-10 d period. The blood lactate profile and peak VO, will be determined
during each test. Diet and exercise training 48 h before each test will be replicated.
Intra-class correlation coefficient (ICC), 95% limits of agreement (LoA), and typical
errors (standard error of measurement, SEM) will be calculated to assess the level of
reliability.

Stage II. Permission has been granted to recruit the intermediate (14-18 year old) 800 m
and 1500 m finalists from the Cheshire and Staffordshire County Athletics
Championships. A total pool of at least 64 subjects will be available. The performance
times from the 800 m and 1500 m events will be used as the field-based performance
measures in this study. From a step-wise incremental treadmill test to exhaustion, peak
and submaximal VO,, BLa (arterialised capillary sampling), ventilatory threshold (VT),
and running economy variables will be determined. Breath-by-breath respiratory gas
exchange data will be used. In addition, standard anthropometric and body composition
measurements will be made. Physical maturity will be self-assessed by the subjects from
secondary sexual characteristics. Anaerobic power and capacity will be determined using a
modified Wingate (WAnT) test and a standard vertical jump test. Local Research Ethical
Committee Approval has been granted (Approval number 99 05 02). It is hypothesised that
BLa based indices will have the strongest relationship with endurance performance, as
determined by multiple regression techniques, although this may be partially affected by
anaerobic and anthropometric measurements. Between sex comparisons for the
physiological variables will be assessed using ANCOVA analyses accounting for potential
body size and composition differences.

Stage II1. A small group (n=20-25) of sub-elite, endurance trained, adolescent children

will be recruited from local running clubs and secondary schools. If necessary, it may be



possible to include some of the subjects who volunteered for Stage 1 above. In addition
to the procedures listed above (Stage 1), a series of 20-30 min exercise stages with serial
capillary BLa sampling would take place. No more than two exercise bouts would be
completed on any one day. These prolonged stages would be separated by at least 3
days to allow sufficient recovery between bouts. The BLa data would be used to
calculate MLaSS for each subject. Paired-Sample Student’s T-tests would be used to
compare the BLa data from the step-wise and prolonged tests at the % peak VO,
corresponding to MLaSS.

Stage IV. The influence of endurance training programme on the primary predictor
variables and MLaSS identified at previous programme stages (above) will be examined
using a prospective training study. The study will be at least 12 weeks in duration and
will be have a repeated measures design to reduce inter-subject variability whilst also
reducing the required sample size. Projected sample size will be approximately 20-25
well trained and 20-25 normally trained boys for the experimental groups. A
comparative group of 10-15 untrained adolescent children will be recruited from local
secondary schools. Using identical experimental procedures to those listed above, it
would be possible to compare the VO,, % peak VO, BLa, and running economy
responses between the trained and untrained adolescents. The untrained group would
complete 800 m, 1500 m and 3000 m time trials on separate occasions. This allows a
comparison of predictor variables between the trained and untrained groups. Data will

be analysed using factorial ANCOVA controlling for changes in body size and
composition.



Chapter Two

Review of Literature



2.0 Literature review

2.1 Physiological and biochemical responses at endurance performance.

The physiological responses are important indicators to help the body minimize and
detect the changes in homeostasis under different type of stresses such as physical
performance. Many of these responses prove useful in gaining a clearer insight into
human performance and adaptations. A simplified general pattern of physiological
responses to repeated bouts of exercise over a period of time can cause improve
performance in that exercise activity (Jones and Carter, 2000). The indicators of
performance responses depends on the exercise which take into account the mode,
intensity, frequency, duration and progression of exercise (The American College of
Sports Medicine, 1991), parallel with the participant’s initial training status, age, gender
and genetic potential (Wenger and Bell, 1986) and relative exercise intensity (Baldwin
et al. 2000). Also, it is important to specify the training stimulus in terms of the type of
exercise performed (continuous/intermittent endurance, muscle strength/endurance or
speed) and exercise modality used (Pierce et al., 1990). Insufficient recovery following
a training overload may cause overtraining (Mckenzie, 1999) and inappropriate
recovery may lead to lack of progress or detraining (Neufer, 1989). There are a number

of factors that affect endurance performance and a number of these will be discussed as
follows:

2.1.1 Running speed at peak VO, and endurance performance.

The running speed at peak VO, (vVO,), a composite measure of peak VO, and running
economy, can be calculated by dividing peak VO, (mL-kg"-min™) by running economy
(mlkg"-km™), and has been shown to be a powerful predictor of performance in adult
runners (Morgan et al.,, 1989; Noakes et al., 1990; Jones and Doust, 1998). The
relationship between v VO, peak and running performance time has been shown to be
an important physiological variable of determining endurance performance (Hill and
Rowell, 1996). In a study by Cunningham (1990) he found a significant relationship
between vVO, peak and running performance in 22 female, high-school 5000 m
runners, mean age 15.9 years. Also, Billat (1996) reported that v VO, peak was closely
related to 800 m running performance in adult runners. And Morgan et al., (1989)

indicated that the running speed at VO,me strongly correlated to 10 km running
performance in a group of well adults’ trained male runners.



2.1.2 Running economy and endurance performance.

Bailey and Pate, (1991) indicated that running economy is associated Wwith
anthropometric, (including segmental mass distribution), physiological, metabolic,
biomechanical and technical factors. Jones and Carter, (2000) suggested that the
improvement of neuromuscular control resulting from the training could have improved
running economy by allowing a tighter regulation of muscle stiffness and better
utilisation of muscle elasticity. It has been indicated that there is a possibility of
improving running economy by strength training using maximal velocity contraction
which allow for a better recruitment of motor units or reducing the antagonistic muscle
group contractions (Sale, 1992; Hoff et al., 1999).

2.1.3 Blood lactate and endurance performance.

The measurement of the blood lactate response to exercise is increasingly regarded as
the most acceptable criterion of endurance capacity, and is widely used to assess and
train athletes and non-athletes in different sports (Wakayoshi et al., 1993; Jones and
Carter, 2000; Naughton et al., 2000). It has been reported that the exercise intensity
corresponding to the accumulation above resting levels of the blood lactate which is
known as lactate threshold (LT) and the corresponding changes in gas exchange which
is known as ventilatory threshold (VT) are strongly correlated predictors of physical
endurance performance (Coyle et al., 1991; Zoladz et al., 1993; Jones and Doust, 1998).
Moreover, endurance performance at an intensity higher than LT is highly correlated
with a nonlinear increase in metabolic, respiratory and perceptual stress (Katch et al.,
1978; Simon et al., 1983; Zoladz et al., 1993) and more rapid fatigue (Sahlin, 1992), and
has been attributed to muscle glycogen depletion (Boyd et al., 1974). Therefore,
adaptation of physiological and biochemical responses can result from appropriate
endurance training programme (Wells and Pate, 1988; Jones and Carter, 2000).
However, the ability to sustain a high fractional utilization of VO,ma at the lactate or
ventilatory thresholds have revealed that the lactate breakpoint is a good predictor of
distance running performance (Matsuura, 1984; Tanaka et al., 1984; Sjodin and
Svendenhag, 1985; Weltman et al., 1992; Carter et al., 1999) and ventilatory breakpoint
(Power et al., 1983; Rhodes and McKenzie, 1984; Peronnet et al., 1987).



2.2 Variability of blood lactate and cardiorespiratory measurements.
Measurements of physiological variables are often used to interpret their responses to
experimental procedures. Most of these variables such as submaximal oxygen
consumption, pulmonary ventilation and blood lactate have been investigated in adult
fitness programs to assess the effects of physical training assuming stability of those
values from day to the next, but ignoring the variation of the equipment or the intra-
individual factors (Faulkner, et al., 1970; Key et al., 1975; Wilson and Hoare, 1980).
Previous studies have examined the biological variability of maximal treadmill oxygen
consumption whereas; the variability in repeated measures of submaximal exercise has
not been investigated (Katch et al., 1982; Unnithan et al., 1990). A study of measuring
daily heart rate reproducibility during field studies to estimate day-to-day submaximal
oxygen consumption values from heart rate data was conducted in Norwegian coastal
fishermen (Rodahl et al., 1974). It has been reported that the majority of many different
endurance test protocols have been used in the past were not validated (Asker et al.,
1996).

The validity and reliability of methods to evaluate aerobic and anaerobic power of adult
athletes have been studied ( Krebs and Powers, 1989; Storer et al., 1990; Coyle et al.,
1991), and reliability of max VO, in children (Anita et al., 1995; McVeigh et al., 1995).
Also, variability of aerobic performance of physiological responses in adult has been
investigated (Daniels et al., 1984; Armstrong and Costill, 1985; Unnithan et al., 1990).
However, there is only scarce literature available on the reproducibility of endurance
performance tests in children (Asker et al., 1995; Unnithan et al., 1995). It has been
reported that no specific “endurance performance test” is available to predict endurance
performance (Asker et al., 1995). Furthermore studies have indicated that, intra-

individual variability across repeated trials is comprised of technological and biological

components (Pereira et al., 1994) with VO,max ranging from 4.1 to 5.8% of variations
(Katch et al., 1982; Kyle et al., 1989).

Many studies have reported intra-individual variations during submaximal running test
examining the problem of day-to-day variability in oxygen consumption (Armstrong
and Costill, 1985; Frederick et al., 1986; Morgan et al., 1991; Williams et al., 1991).
These studies indicted variability ranging from 1.32 (Morgan et al., 1991) to 4.1%
(Armstrong and Costill, 1985), and variability across subjects ranges from 0.30 to
4.40% (Morgan et al., 1991), and 1.20 to 5.8% (Williams et al., 1991). Moreover,
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variability was accounted for the technological error of intra-individual variations
during running and cycling but did not quantify technological variation (Armstrong et
al. 1985). Also, Pereira et al (1994) demonstrated that intra-individual variation in
VO,max during steady rate graded treadmill running is small. They do not control the
extrinsic factors that may affect running economy and administering the same relative
workload for all subjects to minimize within subjects variation from day-to-day. In
addition, many investigators have studied the variability of submaximal running
performance and have found significant differences in the submaximal energy cost of
running in both between and within moderately and well trained runners on repeated
measures (Armstrong and Costill, 1985; Daniels et al., 1984; Morgan et al., 1987; 1991;
Williams et al., 1991a). It has been indicated by Daniels, (1985) that the term “efficient”
refers to the relationship between work done and energy expended, and minimizing or
eliminating unwanted or counter-productive muscular movement is a desirable goal for
any distance runner. There are many different issues that may affect submaximal
treadmill running performance (Morgan et al., 1991; Williams et al., 1991a). However,
most of previous studies in children did not focus on reproducibility and reliability of
VO,max (Unnithan et al., 1995). Therefore, the first aim of this thesis is to examine the

variability and to estimate the stability of selected physiological variables in adolescent
trained athletes’ boys and girls.

2.3  Physiological and biochemical responses in children at rest.

Studies of physiological and biochemical responses in children were extensively based
on previous conducted investigations since the last three decades on children of 11 to 16
year old by (Eriksson et al., 1971; 1973; 1974; Eriksson., 1972; Eriksson and Saltin,
1974). These studies found different levels of PFK activity in the vastus lateralis,
succinate dehydrogenase and lower levels of peak lactates in children compared with
adults. In addition, Fournier et al. (1982) investigated the concentration of the enzyme
PFK in adolescent children aged 16 to 17 years and reported similar results to those
reported earlier (Eriksson et al., 1973). Whereas, similar levels in children compared to
adults were reported (Haralambie, 1979; 1982; Berg et al., 1986).

It has been suggested that the above indications of ‘change levels of PFK activities’
could be related to reduced production of lactic acid which may increased oxidation of
lactate or both. Also, it has been indicated that lactate is continuously produced by

skeletal muscle during rest (Stainsby and Brooks, 1990). Furthermore, Brooks, (1991)
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reported that production and consumption of lactate can be occur simultaneously by
skeletal muscle, but the net lactate output does not mean that the whole blood lactate
concentration produced by the skeletal muscle. However, the exact mechanisms to be
accounted for the previous responses in children are unclear.

Moreover, there is a low concentration level of lactate in muscle and blood during rest,
and may be similar in both children and adults with normal values of 1 to 2 mmolL
(Eriksson, 1972; Medelli, 1985; Gollnick et al., 1986), when exercise intensity
increases, the rise in lactate concentration of blood and muscle becomes exponential and
rise to significant differences (P<0.05). The lower level of blood lactate may be due to
the low resting metabolic rate of muscle that occurs with a low blood flow and the fact
that erythrocytes also have a low and constant metabolism that has been known as the
metabolic end product of which is lactate (Gollnick et al., 1986; Berg and Keul, 1988;
Cooper and Barstow,1996). Moreover, it was observed that muscle glycogen levels at

rest during adolescence are similar to these levels observed in adults (Boisseau and
Delamarche, 2000).

24  Physiological and biochemical responses in children at exercise.

It was indicated that anaerobic metabolism is age-dependent and it is limited in children
compared to adults, such as lower peak blood lactate accumulations (Eriksson, and
Saltin, 1974; Atomie et al., 1986) and less ability of anaerobic performance than in
adults (Saavedra et al.,, 1991; Falk, and Bar-Or, 1993). However, most of these studies
related to muscle metabolism in children were conducted using muscle biopsy
techniques back to more than 30 years ago in young boys of 11 to 16 year old (Eriksson

et al., 1971; 1973; Eriksson and Saltin, 1974). The investigators observed a relationship

between maturity and anaerobic enzyme activity regarding of limited anaerobic

metabolism in children. Due to the ethical limitations of using biopsy techniques in
children, the metabolic enzymes of muscle in children, metabolic pathway and
responses during physical performance would not be well improved.

Therefore, phosphorus nuclear magnetic resonance spectroscopy (° 'P-MRS) is a
powerful, noninvasive method of evaluating selected aspects of muscle metabolism in
vivo providing valid measures for anaerobic metabolic during exercise (Cooper 1995,
Cooper and Barstow, 1996) in both, adults (McCann et al., 1995; Cooke et al., 1997;
Harber et al., 1997) and children (Zanconato et al., 1993; Kuno et al., 1995; Taylor et
al, 1997) and gives the opportunity to address some of the physiological and
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biochemical questions. However, Boisseau and Delamarche, (2000) indicated that ATP
and PC stores are not age-dependent in prepubertal and adolescents, but there are
smaller reductions in intramuscular pH in prepubertal children and adolescents during
high intensity exercise when compared to adults. Also, they stated that the immaturity
of anaerobic metabolism in children seems to be affected by anatomical structural
reasons causing the reduction of glycolytic activities, such as higher proportions of slow

twitch (type I) fibers in the vastus lateralis muscle in children than in untrained adults.

2.5  Maturation and endurance performance in children.

It has been known that some youngsters mature faster than others. For example, if two
children are the same age and sex, but one is physiologically older (advanced skeletal
maturation), the more mature child usually performs better on tests than does the less
mature child (Pangrazi, and Corbin,1990). Physiological variables that correlate with
sports performance of young people are an important concern for physiologists and
must be taken into account (Malina, 1979; Berg and Keul, 1988; Grumbach and Styne,
1998). Tanner (1978) described the five stages of puberty from childhood to full
maturity (Pubertal stage 1 to 5; P1 to P5). Malina and Bouchard, (1991) suggested that
growth and maturation are characterised by individual variation and controlled by
genetic and neuroendocrine control, environmental factors or sport. The corresponding
median age for onset of stage 2 in girls is 10.38 years for breast development and 10.57
years for pubic hair development (Sun et al., 2002). The variation in the age of onset
between the two indicators for boys and girls makes the definition of puberty using
Tanner stages difficult. Age at menarche is also a pubertal landmark in girls and there is
considerable population variation in the age at onset. The current average age at onset
for girls in the USA is 12.43 years, with the ages at onset of menarche for Caucasian,
African-American and Mexican-American girls being 12.55, 12.06 and 12.25 years,
respectively (Chumlea et al., 2003).

Malina, (1991) observed that, late maturation is associated with exceptional motor
performance. Also, growth characteristics in 123 children were measured after three
years of growth into adolescence and indicated that, children who gained the greatest
amount of muscle tissue (including cardiac muscle) experienced the greatest
improvements in aerobic fitness, and concluded that measures of aerobic fitness prior to
puberty tended to predict fitness during puberty (Janz and Mahoney, 1996). It has been
observed by Malina, (1994) that the maturity differences among young female athletes
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are most apparent during the transition from childhood to adolescence, and particularly
during the adolescent growth spurt. Cacciari et al. (1990) found that competitive
football players demonstrated early onset of pubertal growth and increased levels of
serum testosterone and growth hormone compared with age-matched controls. Studies
by Elias and Wilson (1993) and Hackney (1989) on adults both found that endurance
training resulted in decreased resting levels of circulating serum testosterone. Recent
data showed that, although a 22% increase in training intensity caused a 9% increase in
testosterone, after 2 wk of tapering, testosterone was significantly reduced to pre
training levels in 20-yr-old rowers (Maetsu et al., 2003). Carli et al., (1983) found
results that were in agreement with Maetsu et al., (2003) and after 43 wk of swim
training, pubertal athletes had testosterone levels that dropped below pre training levels.
Rich et al., (1992) also found evidence of lowered testosterone with training after only 3

days of training in young gymnasts, and they did not examine hormonal factors.

2.6  Children’s blood lactate responses to exercise and maturation.

Blood lactate responses to exercise have been used to evaluate the aerobic capacity of
sedentary and active individuals as well as competitive athletes (Weltman 1995). Being
a submaximal parameter, the blood lactate response to exercise is more appropriate than
maximal oxygen uptake (VOzmax) for evaluating the effects of training, because of its
strong correlation with endurance performance, and it can be used to prescribe
individuals’ intensity of aerobic training (Sjédin et al 1982; Coyle et al 1988). Much of
work in studying children’s metabolic responses to exercise in the early of 1970s
indicated that anaerobic metabolism is related to physical maturity and thus is limited in
children relative to adults. Also, lower peak blood lactate concentrations and
substantially reduced phosphofructokinase (PFK) activity in children than in adults were
observed (Macek and Vavra, 1971; Eriksson et al., 1973; Eriksson and Saltin., 1974;
Atomie et al., 1986). Moreover, to support the contention that maturation influences
anaerobic development, lower anaerobic power in children were compared with adults

(Inbar and Bar-Or, 1986; Saavedra et al,. 1991; Falk and Bar-Or, 1993).

However, there are a number of methodological explanations for the low blood lactates,
due to differences between studies in blood assessment procedures, inappropriate
components of training programme (e.g. intensity of exercise) used to induce peak

lactate values, motivation of the subjects, measurement techniques, and muscle size
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(Pifitzinger and Freedson, 1997). These studies were performed using different
exercises protocols (treadmill and cycle ergometer). During exercise performed at
submaximal intensity, children have lower blood lactate concentrations than adults
(Denadai et al. 2000). The factors responsible for this in boys aged 6-17 years; were
increasing age, an increase in the activity of the glycolytic enzymes and a decrease in
the activity of the oxidative enzymes (Eriksson and Saltin 1974; Berg et al 1986). This
suggests that there is a lower ratio of glycolytic to oxidative enzyme activity in children,

which could be related to a reduced production of lactate, increased oxidation of lactate,
or both (Brooks, 1991; Brooks et al, 1994; Miller et al, 2002).

Denadai et al. (2000) indicated that, the blood lactate response to exercise in children
can explain the difference between the mean values of critical speed and the speed at a
blood lactate concentration of 4mmol'L™. They found that both the beginner and trained
groups recorded mean speeds at a blood lactate concentration of 4 mmol'L™" that were
significantly faster than those for critical speed. However, critical speed was defined as
the swimming speed that could theoretically be maintained without exhaustion
(Wakayoshi et al 1992a). The blood lactate concentration at the critical speed in the
beginner and trained groups (Denadai et al. 2000) was 2.7 and 3.1 mmolL™
respectively. These values are higher than those reported by Williams and Armstrong
(1991a) who suggested a fixed value of 2.5 mmolL" instead of 4 mmolL"' as the
reference point for maximal lactate steady state in children of this age.

However, the results of Williams and Armstrong (1991a) should be treated with caution,
since higher blood lactate concentrations corresponding to maximal lactate steady state
(4-5 mmol'L™") have been reported for children of a similar age (Mocellin et al 1990,
1991; Beneke et al 1996a). In contrast, this is not in agreement with studies performed
with adults (Wakayoshi et al 1992b, 1993) under similar exercise conditions. Also, it
differs from the study of Denadai et al. (2000) in swimming which might affect the
blood lactate concentration corresponding to maximal lactate steady state (Beneke and
von Duvillard 1996). In addition, there is no evidence of increased maximal blood
lactate being influenced by the stage of sexual maturation in humans (Falgairette et al.,
1991; Paterson et al., 1985; 1986; Williams and Armstrong., 1991a; Pfitzinger and
Freedson, 1997).

Several studies have been investigated the relationship between peak blood lactate

concentration and stage of sexual maturation or chronological age, Paterson et al. (1987)
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Williams and Armstrong (1991a), Fellmann et al. (1994). They concluded that changes
correlated with age or sexual maturation and provided an indication of the
interrelationship between growth and development with children’s glycolytic capacity
changes.

In addition, Mero (1988) investigated blood lactate production and removal during
anaerobic exercise in trained and untrained boys; he concluded that blood lactate
production in prepubescent boys was related to serum testosterone level and muscle
type II fiber area. The influence of type II muscle fiber area also may be related to the
higher content of muscle lactate dehydrogenase enzyme in type II fibers that regulates
the reduction of pyruvate to lactate. Paterson et al. (1987), conducted longitudinal study
to investigate peak blood lactate to age or sexual maturation. They were measured
VOamax and blood lactate throughout five years in 11- to 15 year-old boys. VO2max
lactate concentrations have been gradually increased up to 44% during the five years
test period. The participants in this study were highly athletic and most of them
improved their training status over the five years of study.

However, the effects of training, age and maturation are interrelated due to training
status over time. It has been reported, that VOymax (ml'kg'l'min'l) remain relatively stable
over this age span in boys (Armstrong and Welsman, 1994). For the participants in
Paterson’s study, the relative VOpma increased by 11.8% over time of study suggests
that the boys’ level of aerobic fitness increased modestly throughout this time period.
Peak VO; and AT are major determinants of endurance exercise performance. An
increase in either variable improves the athlete’s ability to sustain a higher rate of
aerobic energy expenditure. Absolute peak VO, (litres/min) increases with age in both
boys and girls, although the increase in girls is somewhat less, particularly after puberty
(Mirwald and Bailey, 1986).

The influences of age and sexual maturation on lactate concentration at peak VO, and
the lactate threshold in 100 boys and 91 girls, aged 11 to 16 years, VOamax lactate was
found to be significantly higher for girls than boys, (Williams and Armstrong, 1991a).
The mean VO;mex lactates were 5.3, 5.0, 4.7, 5.8 and 5.8 mmolL", for the boys at
Tanner Stage 1 through 5, respectively. While the means recorded for the girls were,
5.8,5.7, 6.6 and 5.7 mmol'L", at Tanner Stages 2 through S, respectively. The relatively
low VO2zmex lactates reported in this study could be related to the use of the whole-blood

method, which measures only the lactate in the blood plasma and not in the
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erythrocytes. VOamax lactate was not significantly related to Tanner stage of sexual
maturity or chronological age in either boys or girls.

Fellmann et al. (1994) investigated blood lactate after maximal and supra-maximal
exercise in 10- to 12 year-old boys from Bolivia. The authors reported lower lactate
concentrations in children from high altitude than in children from low altitude, and
lower lactate concentrations in children from low socioeconomic status than in children
from high socioeconomic status following both maximal and a 30-s Wingate test. The
authors attribute these differences to lower gonadal maturation measured as lower
testosterone levels in the children from high altitude, low socioeconomic status or both.
A longitudinal study in 8 boys’ runners conducted to examine submaximal and maximal
responses to exercise over 8-year period which began when the participants were 12
years of age. It was observed that, while submaximal blood lactate responses decreased
throughout the period of the study in well trained boys, maximal blood lactate did not
differ between the trained and sedentary groups (Sjodin and Svedenhag, 1992).

Beneke et al. (1996a) investigated the highest steady state lactate responses in 34
adolescent boys 15.4 + 2.8 years of age. The blood lactate levels ranged from 15 to 30
mmol'L" and corresponding with the highest workload at which steady state could be
maintained was independent of age and was more related to training status. It has been
observed that the absence of a difference in maximal plasma lactate levels among
trained and untrained adolescents possibly reflects the insensitivity of blood lactate as a
marker of physiological change following maximal exercise in the second decade of
life. Therefore, the sensitivity of blood lactate levels to the training status of this age

population appears to be greater under submaximal rather than maximal exercise
stimuli.

2.7  Blood lactate reference values and children’s endurance performance.

The most common term used to describe the blood lactate response during exercise is
the anaerobic threshold (AT). This represents the highest intensity of exercise at which a
balance between the production and removal of lactate occurs (Heck et al 1985).
Methods for the determination of the anaerobic threshold use either a direct or an
indirect protocol. With direct protocols, fixed 4 mmol I (Heck et al 1985) or variable
(Stegmann et al 1981; Tegtbur et al 1993) concentrations of blood lactate are used. The
lactate threshold (LT) has been widely accepted as a predictor variable of endurance

performance in adults. However, blood lactate levels probably reflect the balance
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between lactate production and elimination rather than the onset of cellular
anaerobiosis. Williams and Armstrong (1991a) identified the anaerobic threshold as the
intensity corresponding to a lactate value of 4.0 mmol 17! (valid for adults) to be closer
to peak VO, in children (Williams and Armstrong 1991a; Washington, 1993). The
identification of the threshold point has been circumvented by the use of fixed blood
lactate reference levels; although it should be acknowledged that the specific theoretical
underpinning of the use of the 4.0 mmol 1" level in adults is quite different from that of
the classical AT (Armstrong and Welsman, 1996; Beneke et al. 1996). Some studies use
fixed blood lactate concentrations of 2.5 or 4.0 mmol/L to represent LT (Fay et al,,
1989). As children can exercise close to exhaustion without exceeding a blood lactate of
4.0 mmol/L, an alternative 2.5 mmol/l level is considered to be more appropriate
(Hagberg and Coyle, 1983; Armstrong and Welsman, 1996). The cut off age for when
this level is applicable in children is uncertain. Although fixed lactate concentrations of
2.5 and 4.0 mmol/l increase the objectivity of the anaerobic threshold determination,
such a criterion does not respect the individuality of the inflexion point that occurs at
different lactate values. This is particularly true for children because the peak percent
VO, corresponding to 2.5 mmolL" decreases from about 90% to 80% from 12 to 15
years (Williams and Armstrong 1991b), suggesting lower lactate values at the inflexion
point for younger children. However, it has been observed that MLSS occurs around 2.2
mmolL", in 13 to 14 year-old participants (Williams and Armstrong, 1991a).

Several investigators focused on the relationship between the LT and chronological age
or stage of sexual maturation such as Weymans et al. (1985) which investigated the
effects of age and gender on VT in children aged 11.6 and 14 years. The results
indicated that 14 year olds may have metabolic profiles that are more similar to those of
adults than those of younger children. These results indicated that decreases in VT with
age may be related to sexual maturation. Also, VT was assessed longitudinally in
children aged 11 to 15 year olds and the findings indicated that, the percentage of
VOmex at VT was increased with age (Paterson et al.1987), which conflicts with other
studies (Weymans et al. 1985; Atomi et al. 1988; Washington, 1989; 1993; Beneke et al.
1996b).

Beneke et al. (1996a) examined the relationship between the maximal lactate steady
state (MLSS) and age, and found no relationship between lactate concentration at MLSS
and age or between MLSS as a percentage of VO,ma, and age. The authors concluded

that neuromuscular development may have more influence than changes in oxidative
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metabolism or glycolysis in determining age related changes in exercise responses in
children.

Lactate threshold was measured as a percentage of VOjna at different fixed lactate
references of 2.5 and 4.0 mmol'L™". No significant differences were found between boys
and girls at a 4.0 mmol/l LT as a percentage of VOpax at each Tanner stage. A higher
percentage of VOuma at 2.5 mmol/l lactate concentration was observed in boys than
girls (Williams and Armstrong, 1991a). The results of the previous studies, except those
of Paterson et al. (1987) confirmed the hypothesis that found a negative relationship
between LT as a percentage of VO,max and age or stage of sexual maturation in children.
Therefore, it is may not be possible to find a relationship if the 4 mmol/l lactate
concentration was used to define LT in children. Because the effect of age independent

of sexual maturation, on LT as a percentage of VO;max remains unclear.

2.8 Body composition, maturation and endurance performance.

Body composition is a key component of an individual’s health and physical fitness
profile. It has become a major field of interest for many exercise and sport scientists as
well as clinicians who specialize in the prevention and rehabilitation from hypokinetic
diseases (Wilmore, 1984). Durnin and Womersley, (1979) observed that body fat tends
to increase with age. However, some body fat is required and is important to serve as an
insulator to conserve body heat as a metabolic fuel for the production of energy (ATP)
and as padding for protection. Excessive body fat leads to obesity and enhances the risk
of developing coronary heart disease, causing fatigue and hinders performance in many
physical activities. Also, it does not contribute to the force production capabilities of
musculoskeletal system. In addition, it has been indicated, that, the leaner is the greater
and better physical performance potential (Wilmore and Haskell, 1972; Wilmore, 1976).
However, in studies related to children, Malina and Bouchard (1991) found that fat
deposition of the extremities declines and truncal fat slowly increase, while in females,
it increased concomitantly in both truncal and extremities. These observations revealed
that, girls gained faster fat distribution than boys. Also, they observed that the
distribution of body fat during this stage may be due to best interaction of biological
inheritance, nutritional status, energy expenditure, GH, leptin and sex hormones. In
addition, it seems to be chosen as central deposition and independent of total body fat in
pubescent boys, whereas, in pubescent girls, the increase of abdominal fat is occurs

frequently during the increasing of total body fat as a result of lack activities.
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Also, body mass and fat mass do not appear to differ between maturity groups at the age
at PHV in either sex (Iuliano-Burns et al., 2001). At a given chronological age, children
who are more mature tend to be taller and heavier than less mature children. Indeed,
children who have a more rapid rate of sexual maturation tend to have a higher risk of
obesity in adulthood (Garn et al. 1986; Van Lenthe et al., 1996). A negative association
between age at menarche, BMI and body fatness in girls has been shown (Buckler 1990;
Van Lenthe et al., 1996). 1t is still unclear, however, whether increased early childhood
adiposity induces an earlier onset of puberty, if rapid maturation and early puberty
induce an increase in body fat later in life, or whether both of these phenomena occur.
Fatness and body mass index (BMI) have been found to be more closely correlated with
maturation stage (or development age) than chronological age among girls (Daniels et
al., 1997; Kaplowitz et al., 2001).

It has been indicated, that lack of aerobic fitness may also play an important role in the
development of obesity, because of its significant association with physical activity in
young children (Pate et al.,, 1990). Lack of aerobic fitness is also a marker of later
cardiovascular disease (CVD), with greater aerobic fitness being associated with a
reduction in risk of later CVD (Despres et al., 1990; Gutin et al., 1990; Young et al.,
1995). Maximum oxygen consumption ( VOamax) is one estimate of aerobic fitness that
has been associated with lower levels of risk factors in a longitudinal study from
adolescence to early adulthood (Andersen and Haraldsdottir, 1993).

It should be known that obese children seldom perform a good level of physical
performance as much as leaner children due to the greater metabolic cost of the obese
children’s exercise. Moreover, obese child require a high level of oxygen uptake
capacity to perform a required tasks and obesity affects a child’s endurance performance
because their VOomax values lower than those of lean comparative children who are less

reserve capacity and perceive higher exertion (Bar-Or, 1983., Bar-Or and Ward, 1989.,
Rowland, 1991).

2.9 Biological maturity and endurance performance.

The foremost procedural concerns in research on teenage years are in determining the
exact year of the greatest height gain which is occurred at earlier stages of puberty
stages in girls and boys during maturity and its progresses were calculated (Malina,
1991., 1994., 1997., Cheng et al. 1999). Common procedures of maturation include

sexual maturation indicators (e.g. Tanner stages and age at menarche), measures of bone
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growth and epiphyseal fusion (e.g. skeletal age evaluation), and landmarks of physical
growth (e.g. age at peak height velocity [PHV]). Growth and maturation expressions are
frequently used interchangeably to distinguish among biological activities, whereas
several physiological mechanisms are involved to verify physical performance
alterations with growth (Malina, 1994, Baxter-Jones, 1995). However, children’s
growth is referred to the size increases in their bodies as whole (Malina and Bouchard,
1991) or specific parts of their bodies (Faulkner, 1996), while children’s maturation
status is recognized as their biological age that includes components progressing
toward biological status, timing and tempo (Malina and Bouchard, 1991). Therefore,
biological maturation ought to be considered when estimating physical performance and
fitness levels of children in physical fitness tests for the same chronological age
(Malina, 1994; Jones et al. 2000). Furthermore, it was indicated that advanced
maturation positively influences physical fitness components as well as motor skill and
intelligence (Baxter-Jones, 1995). Accordingly, growth, maturation, and development
occur simultaneously and interchangeably, whereas, growth and maturation are
characterised by different variables which although under the influence of genetic,
neuroendocrine control, and environmental factors (Malina, 1991). Biological maturity
systems are very essential to the growth and development of the childhood status mainly
thus who have a compartment on athletic performance, and these systems can be

classified as morphological, skeletal and sexual maturity (Malina, 1997; Baxter et al.,
1995).

2.10 Morphological maturity and endurance performance.

Although morphological maturation differences among immature athletes are most
perceptible throughout the transition from childhood to adolescence, especially during
the adolescent growth spurt, there is no reported effect of sport training on age at peak
height velocity or growth tempo of height throughout the adolescents spurt (Malina,
1994). In addition, there is also a size difference between those who continue in sport
compared to those who drop out (Tonz et al. 1990). Moreover, several recent studies
concluded that training does not cause alterations in anthropometric variables (Geithner
et al., 1998; Bass et al., 2000; Damsgaard et al., 2000; 2001). However, it should be
noted that biological maturation augments both body mass and stature during puberty
and adolescence due to the effect of hormones (Rogol, 1994., Abbassi, 1998., Demerath
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et al.1999) However, the effect of body mass and stature on physical performance is
observable in the majority of sports during adolescence, whereas fewer sex differences

occur during the earlier stages especially before the beginning of growth spurt (Malina
et al., 1997; Fogelholm et al. 2000).

2.11 Skeletal maturity and endurance performance.

Comparatively, skeletal age (i.e. skeletal age - chronological age) can be used to assess
the degree to which an individual is skeletally advanced or delayed for their age (Malina
and Bouchard, 1991). Measurement of skeletal maturation is conceivably the most valid
indicator of biological age or maturity status, for the reason that its development spans
the entire period of growth (Roche et al., 1988; Tanner et al. 1983). Skeletal maturation
is interrelated with body composition and can be used to classify slow- and fast-
maturing children (Roger et al. 2003). Age at PHV is inversely related to the magnitude
of PHV in both sexes (Iuliano-Burns et al. 2001) in that children with an early
adolescent growth spurt demonstrate a higher PHV than children with a later spurt.
Boys who have a later growth spurt have been reported to accumulate more bone

mineral and lean mass and are taller at the age of PHV, compared with boys with earlier
growth spurts (Iuliano-Burns et al. 2001).

A significant influence of testosterone was observed among boys who have a positive
increase in growth of bone and muscle and a simultaneous loss of fat in the limbs
(Tanner, 1989). Furthermore, it was indicated that the maximal loss of fat and increase
in muscle mass in the upper arms corresponds to the time of peak height velocity. In
boys, the significant increase in lean body mass exceeds the entire increase in body mass
because of the affiliated loss of adipose tissue. Therefore, as height velocity declines, fat
gathering resumes in both sexes but is twofold as quick in girls, whereas as adults, males
have 150% of the lean body mass of the average female and double the number of
muscle cells (Cheek, 1974). The increase in skeletal volume and muscle mass leads to
augmented strength in males. Together androgens and estrogens endorse deposition of
bone mineral, and more than 90% of peak skeletal mass is in deposited by 18 years of
age in adolescents who have undergone customary pubertal development. In girls,
nearly one-third of total skeletal mineral is accumulated in the three to four years period

instantaneously after the commencement of puberty (Bonjour et al., 1991; Slemenda et
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al. 1994). Adolescents with delayed puberty or secondary amenorrhea may fail to

accumulate bone mineral normally and have reduced bone mineral density as adults.

2.12 Sexual maturity and endurance performance.

Tanner stages of sexual maturation are based on pubic hair growth for boys and girls,
breast development for girls and genital enlargement for boys. The stages progressive
are from pre-puberty (stage 1), through puberty (stages 2-4) to post-puberty (stage 3).
The median age at onset of stage 2 (the beginning of puberty) varies depending on the
maturity characteristic and sex of the child. Sun et al., (2002) observed in the United
States’ children that the median age at onset of stage 2 in boys is 10.03 years for genital
development and 11.98 years for pubic hair growth. The consequent median age for
onset of stage 2 in girls is 10.38 years for breast expansion and 10.57 years for pubic
hair accomplishment (Sun et al. 2002). The discrepancy in the age of onset between the
two indicators for boys and girls makes the definition of puberty using Tanner stages
difficult. Age at menarche is also a pubertal marker in girls and there is significant
population discrepancy in the age at onset. Therefore, The current average age at onset
for girls in the USA is 12.43 years, with the ages at onset of menarche for Caucasian,

African-American and Mexican-American girls being 12.55, 12.06 and 12.25 years,
respectively (Chumlea et al. 2003).

Puberty is characterised by huge hormonal changes consequentially in sexual
maturation (growth of pubic hair and development in the genitalia). Concentrated
training has been found to interrupt the onset of puberty in female individuals by
varying normal hormonal development (Malina, 1994). In contrast this may led to
delayed pubertal onset, delayed age at first menarche, and disappointment to enhance
maturity of skeletal structure (Roche et al. 1988; Baxter-Jones and Helms, 1996).
Furthermore, few of the longitudinal studies for girls active in sport were available to be
compared with non-athletic girls obtained no influence of physical exercise programme
on the timing and progress of secondary sexual characteristics (Malina et al. 1997).
Despite evidence that physical activity can also have consequences in hormonal changes

in boys; there have been a small number of studies that essentially examined the
association between training and the onset of puberty.
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Jones et al. (2000) sought to investigate the importance of considering biological
maturity when assessing physical fitness measures in girls and boys aged 10 to 16 years
and the effect sexual maturity had upon performance in physical fitness tests. They
found that sexual maturity has a huge influence on physical fitness assessing in boys but
a smaller amount outcome in girls. Rating of physical fitness, predominantly for boys
should take into account biological maturity. Also, at a prearranged chronological age,
children who are further mature have a tendency to be taller and heavier than smaller
mature children. In fact, children who have a more rapid rate of sexual maturation have

a tendency to have a higher risk of obesity in adulthood (Garn et al., 1986; Van et al.
1996).

2.13 Additional potential factors affecting children’s endurance performance

In spite of the challenge of the finding the most accurate testing procedures, researchers
have acknowledged some possible factors that affect children’s endurance performance.
These factors my include substrate availability, muscle fibers type and both aerobic and
anaerobic performance, children’s muscle maturity, and children’s neuromuscular
activation and maturation are associated to the characteristics of the children being
tested or participated in the competitions. It ought to be noted that age and gender

related differences in anaerobic performance throughout childhood and adolescence

may be related to discrepancies in muscle mass (Martin and Malina, 1998).

2.13.1 Substrate availability in children’s endurance performance.

Variation in substrate accessibility has been found to affect endurance performance in
adults (Ivy et al., 1981; Yoshida, 1986) and children (Hebestreit et al; 1993; Duncan and
Howley, 1999). In contrast, Goran et al., (1998) conducted a study in prepubertal girls
and suggested a gender dimorphism in the maturational changes in energy expenditure
before adolescence with a preservation of energy use in girls accomplished in the course
of a marked reduction in physical performance. Significant different metabolic
responses from the soleus muscle assessed with either head of the gastrocnemius muscle
during calf exercise were reported (Zhu et al. 1993). It was observed that the mean
gastrocnemius muscle thickness in the pubescent group was approximately 44% greater
than that in the pre pubescent group (13 vs. 9 mm) (Zhu et al. 1993). This is not
astonishing, because it is well accepted that the soleus is composed essentially of type I

and gastrocnemius essentially of type II muscle fibers. It is also recognized that
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gastrocnemius muscle is the primary supplier of muscle power during powerful plantar
flexion work (Weineck, 1986), and strong association between gastrocnemius region,
plantar flexor muscle, soleus muscle and blood lactate accumulation through running
performance in both trained and untrained children (Atomi et al. 1987).

Also, alterations in circulating levels of blood glucose and insulin have been presented
to stimulate glycolysis and augment blood lactate concentration, while increased
dependence on lipid oxidation and decreased levels of circulating free fatty acids
throughout muscular exercise specify increased dependence on lipid oxidation and
decreased blood lactate concentrations (Ivy et al., 1981; Yoshida, 1984b; Green and
Dawson, 1993). It was stated that these conclusions can led several investigators to
contemplate that alteration in substrate availability might affect LT and consequently

endurance performance (Ivy et al., 1981; Hughes et al; Yoshida, 1984b; Green, 1994).

2.13.2 Children’s muscle fiber types and endurance performance.

Even though the common structural distinctiveness of muscle fibers is alike, differences
can be renowned in their functions. Functional differences exhibited by fibers have been
distinguished according to speed of contraction, aerobic capacity, anaerobic capacity,
number of mitochondria present, number of capillaries present, and strength of
contraction, ATPase activity and fatigability. Skeletal muscle of the human is
principally consisted of two muscle fiber types; slow twitch (ST) or type I and fast
twitch (FT) or type II. The involvement and the contribution of fiber types fluctuate
across different muscle groups (Colling-Saltin, 1980). Type II fibers encompass further
distinguished into three subtypes; type IIa, IIb and Ilc fibers. Type II fibers superior
fixed toward brief bursts of anaerobic activity at high power output, than type I fibers
where metabolic distinctiveness give them a capacity for continuous exhaustion-
resistance activity.

In addition, it appears with the intention of this typology, based on conservative
histochemical discoloration, is somewhat deceptive because there survives a continuum
in most, if not all contractile and metabolic possessions (Colling-Saltin, 1980). This
originated in human’s skeletal muscle in three isoforms; type 1 (slow), type 1IA (fast),
and a third type IIX (the fastest). It should be noted that this last type is highly related
with another fiber type previously designated as type IIb (Ennion, et al. 1995). Few
studies are available concerning muscle fiber types distribution in young population due

to the ethical limitations of the biopsy techniques. Some of those studies specified that
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the proportions of Type I fibers (slow twitch oxidative) to Type Ila (fast oxidative

glycolytic) and Type IIb (fast glycolytic) are comparable in children and adults (Costill
et al. 1976, Van Praagh, 1998).

However, the discrimination of muscle fiber type’s appears to be present principally
throughout the years following birth. Bell et al., (1980) found that by the age of six
years a histochemical report is comparable to that of a young adult. However, the
proportion contribution of type Ila fibers seems to be lower during the early childhood
than in adulthood (Colling-Saltin, 1980), and reach adult’s percentage through late
adolescence state (Hedberg and Jansson, 1976; Fournier et al. 1982). It was observed
that type Ila exemplified by superior predominance than type IIb for the periods of
childhood and adolescence, whereas there do not appear to be any comprehensible sex
discrepances in fiber type giving out through childhood (Jansson and Hedberg, 1991;
Van Praagh, 2000).

Furthermore, muscle fiber dimension increases by means of size up to 75 % from birth
to the first year of age, whereas this increase carries on through the early childhood in
the direction of adolescence by means of size pertaining to 3.5 fold in girls and 4.5 fold
in boys (Colling-Saltin, 1980; Oertel, 1989), and significantly superior standard fiber
areas in boys than girls (Jansson and Hedberg, 1991). The lower limb muscle fibers area
has been to increase about 20 fold, while the upper limb muscle fiber area increases by
about 7-12 fold during the same period (Aherne et al. 1971). In girls, the fiber diameter
reaches its peak during adolescence, while boys only achieve their peak size during
early adulthood (Oertel, 1988).

Moreover, boys tend to exhibit relatively greater size increase in type II fibers, and more
specifically type IIb fibers, than girls (Glenmark et al. 1992). Simoneau et al. (1986)
showed the same type of gender difference in 25 year-old subjects (Table 2.1). These
differences in the patterns of muscle mass development are said to account for both the
age and sex associated variations in strength and force development during childhood
and adolescence (Malina and Bouchard, 1991). Comparisons between children and
adults in terms of active muscle mass and power output have revealed significantly
lower power outputs in children compared to adults, even after the data have been

normalised for active muscle mass, and the force individually optimised (Van Praagh,
1998).
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Table 2.1 Physiological characteristics of muscle fiber types and performance

Fiber types Speed of Aerobic Anaerobic
contraction capacity capacity
Slow, oxidative (SO) Slow High Low
Fast, oxidation glycolytic (FOG) Fast Medium Medium
Fast, glycolytic (FG) Fast Low High

2.14 Principles of training for children and adolescents.

The most common principle of training for both athletes and non-athletes are to
concentrate on metabolic systems used in the physical performance. This resulted as an
incorporating the principle of specificity of training theory that involves the
determination of the type, duration, frequency and intensity of its various components.
The integration of these dimensions with knowledge of metabolic systems may guide
the coach or teacher to decide the system’s to be applied (oxygen, ATP-PC, lactate) and
fraction time to be committed to each (Fox and Mathew, 1974; 1981). However, these
metabolic systems can be changed by applying the principles of specificity, overload
and progressive resistance and incorporating time for warm-up and cool-down. These
components ought to be manipulated to adapt training to the metabolic system and the
needs of the event.

The principles specificity of training theory impacts several body systems, including
muscular, endocrine, skeletal, metabolic, immune, neural, and respiratory. An
understanding and appreciation of basic scientific principles interconnected to resistance
training is necessary in order to optimize training responses. Moreover, providing
variety in programme variables to imitate sports-specific movements is required for the
most favorable gains made between training and competition (Kraemer et. al. 1998).
Furthermore, exercise period to rest period ratio should be taken into account that rest
period is twice as long as the exercise period (Knuttgen et al. 1973; Wilmore et al. 1980;
Kraemer et. al. 1998). Consequently, whether athletes involve for the most part
eccentric, isometric, slow-velocity, or high-velocity strength or power in their athletic
event will say aloud the time commitment to each element and form the basis for

designing individual workouts. Series discrepancy over a training time is important to
take full advantage of gains and avoid overtraining.
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2.14.1 Aerobic trainability and children’s maturation.

Endurance exercise fitness can be described as the ability to participate in prolonged
endurance events that requires the ability to consume large amounts of oxygen to
produce energy at high work rates. Therefore, the cardiorespiratory functions of young
endurance athletes are an important determinant of endurance performance (Coyle,
1995). Four parameter laboratory measures of cardiorespiratory fitness contribute to the
ability to succeed in endurance sport; maximal oxygen consumption, anaerobic
threshold, and economy of movement and oxygen uptake kinetics (Whipp et al., 1982;
Coyle, 1995). Maximal oxygen consumption ( VO2max) is the maximal ability to take up,

deliver, and utilize oxygen to produce energy via aerobic metabolism.

It is not a surprise that endurance athletes possess high values for VOynax. Eisenmann
and Cumming, (1999) indicated that, highly-trained adolescents 15 to 19 year old
endurance athletes have a VOzpyax of 60 to 75 mL.kg’l.min‘l. Values for pre-adolescent
8-12 years children are slightly lower 55-65 mlkg.min'. Jones et al. (2000)
investigated if performance in physical fitness tests differed between children of
different sexual maturity stages irrespective of mass and stature. Stage of sexual
maturity was significantly correlated with all physical fitness measures (boys: r=0.56 to
0.73; girls: r=0.24 to 0.46). When stature and mass were taken into account, significant
differences were evident between sexual maturity stages in boys but not girls. This
suggests that increases in mass and stature are primarily responsible for variation in
girls' physical performance throughout maturation, whereas in boys there are some
qualitative differences in performance due to other factors. It was concluded that sexual
maturity has a large influence on physical fitness measures in boys but less effect in

girls. Ratings of physical fitness, particularly for boys should take into account
biological maturity.

Studying the aerobic responses to endurance exercise training in adolescence indicated
that the cardiorespiratory benefits were apparent early in life (Rowland and Boyajian,
1996). Other physiological distinctiveness that refer to increased endurance
performance in adolescent children were acknowledged by Pate and Ward (1996)
including a high peak oxygen uptake (VOzpea), @ lower lactate threshold and efficient

economy of energy expenditure throughout submaximal performance.
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Fournier et al. (1982) investigated the effects of a training regime consisting of
intermittent aerobic (endurance) and anaerobic exercise (sprint) on the vastus lateralis
muscle fiber area and the activities of glycolytic (phosphofructokinase, PFK) and
oxidative (succinate dehydrogenase, SDH) enzymes of adolescent boys using running as
the mode of training over a 12 week period. The boys were divided into two training-
groups, a sprint-training group and an endurance-training group. The endurance-training
group exercised for 2 intervals of 10 min and 2 intervals of 30 min followed by 5 min
rest between each bout. They exercise 4 times per week at an intensity of a 60 to 90%
heart rate. The sprint-training group ran distances ranging from 50 to 250-m and ran
upstairs, using the same duration. The intensity of training and the rest period were not
considered in the study. The training-groups were tested both before and after the

training period using a treadmill protocol. Only the effect on VOzmax, ventilation and
heart rate will be reported here.

The authors indicated that VOyme increased significantly by 10% in the endurance
training group when a comparison was made within groups. The sprint training group
showed an insignificant increase of 6%. The maximum ventilation of the sprint group
decreased by only 4% after training, but the endurance group showed a significant
increase of 6%. The heart rate of the sprint group decreased by only a 5 beats.min™ at
sub-maximal exercise after training, but the endurance group showed a significant
decrease of a 13 beats.min™ after 12 weeks of training. Both the sprint and the
endurance groups decreased their maximum RER significantly, by 5% and 6%
respectively after training. The maximum heart rate of the endurance group decreased
significantly by a 9 beats.min’ after 12 weeks of training, while the sprint group
showed a decrease of a 6 beats.min” which was not significant. Neither group showed

any change in % body fat, body mass or body height after 12 weeks of training.

Rotstein et al. (1986) considered the effects of an intermittent training regime on
anaerobic threshold, maximal aerobic power and anaerobic performance of
preadolescent boys over a 9 week period. The participants were divided into a training
group and a control group. Both groups were tested in four ways before and after

training using anthropometric measurement, a Wingate anaerobic test on a cycle

ergometer, treadmill running to test VOyma, and a field test of a 1200-m run. The

training group ran for a duration of 45 min per session, 3 times per week. The training
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session consisted of warming-up and movement games lasting from 15 to 20 min.
Several series of 600, 400 and 150-m runs were performed followed by a rest periods of

2.5, 2 and 1.5-min respectively. The intensity of training was freely chosen.

The authors found that in 10- to 11-year-old boys, a 9-week interval training increased
the indices of anaerobic capacity: mean power by 10% and peak power by 14%. No
change was found in percent fatigue. The training also increased VOomax by 7% in
absolute terms and by 8 % / kg body mass. A significant increase was also found in the
running velocity at the anaerobic threshold (running velocity at inflection point of
lactate accumulation curve), but in relative terms (percent of VOamax), the anaerobic
threshold decreased by approximately 4.4%. It is concluded that proper training may
improve maximal aerobic power and anaerobic capacity of preadolescent boys. Both the
training group and the control group showed a significant increase in body height of
1.14 and 0.94-cm over the training period. In lean body mass, the control group
increased significantly by 2%, but the training group remained unchanged after training.
In the 1200-m run, the training group reduced their performance time significantly by
10% and the control group showed no change. The maximum heart rate of the training
group decreased significantly by a 4 beats.min” while no change was observed in the
control group. It was also concluded that anaerobic threshold measures are less sensitive
to the training regimen than VOjma and that the 1200-m running performance is
strongly associated with both aerobic and anaerobic capacities and less with the
anaerobic threshold, which in preadolescent boys seems to be higher than in adults. This
improvement confirmed other findings about the effects of a training regime consisting
of intermittent acrobic (endurance) and anaerobic (sprint) on the vastus lateralis muscle
and the activities of glycolytic and oxidative enzymes of adolescent boys using running

as the mode of training over a 12 week period (Fournier et al., 1982; Rotstein et al.,
1986).

There are conflicting data with regard to the effect of endurance training in children. On
the basis of this information, Mahon and Vaccaro, (1989) investigated the effects of 8
weeks of run training on ventilatory threshold (VT) and VOmax 0f eight male children.
Participants ranged in age from 10 to 14 year, with a mean age of 12.4 year. All subjects
were previously untrained. Training consisted of running 4 times per week for a period

of 8 weeks. Continuous running was performed 2 times per week for 10-30 min at 70-
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80% of VOmax. Interval running was performed the remaining 2 times per week.
Repeated intervals of 100-800 m at 90-100% of VO,max Were used in this phase of the
training. The total distance run for this type of training was 1.5-2.5 km. Incremental
treadmill testing prior to and after the training period indicated a 19.4% increase in VT
from 30.5 to 36.4 mL.kg".min™" (P< 0.05). When VT was expressed as a percentage of
VOsmax, there was a significant (P< 0.05) increase from 66.6% to 73.8%. VOimax
increased 7.5% from 45.9 to 49.4 mL.kg.min"' (P< 0.05). None of these changes was
noted in eight age- and size-matched children who served as control subjects. The
results of this study indicate that 8 weeks of endurance running training which is of

sufficient frequency, intensity, and duration can significantly improve VT and aerobic
power in male children.

2.14.2 Trainability of selected physiological issues for middle distance runners.

Katch, (1983) stated that exercise-induced changes in muscular and cardiovascular
function in pre and post pubescent children proposing in terms a physical conditioning
theory called "Trigger Hypothesis." This hypothesis predicts that, prepubertally, there
will be only small training-induced biological alterations because of the lack of
hormonal control. It is suggested, therefore, that prominence be placed on talent
attainment rather than physiological conditioning during prepuberty. Postpubertal
exercise-induced changes are well documented and follow predictable patterns. The
principles that govern physiological adaptations to exercise are discussed in terms of
energy convey and the factors that affect training. Duration, intensity, and frequency of
performance are detailed. It is recommended that highlighting be placed on these factors
when designing a physiologically sound physical training program. Greene et al. (2004)
indicated that the impact of high training volumes on musculoskeletal adaptations of
male adolescents is poorly understood, but their results from high training volumes in
middle distance running are not unfavorable to musculoskeletal fitness and were

coupled with positive body composition profiles in elite adolescent male athletes.

Mahler and Rostan (1990) indicated that, there is a prevalent practical improvement in
monitoring of exercise instruction performance, perceived effort (PE) may be used as an
supplementary indicator in the determination of the AT in an incremental AT-test and
can be useful in the instruction of an implement program. Furthermore, the importance

of the adjusting for age and gender and considering the confounding effects of growth
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and maturation were taking into the account throughout a training programme. Also, the
improvements of cardiovascular health were an indication as a result of increases in
physical fitness during adolescence (Janz et al. 2002). The most frequent term used to
explain the blood lactate response during work out is the anaerobic threshold. This
represents the peak intensity of exercise at which is the equilibrium between the
production and elimination of lactate occurs (Heck et al. 1985). Methods for the
determination of the anaerobic threshold use either a direct or an indirect procedure.
With direct procedures a fixed (4 mmol 17'; Heck et al 1985) or variable (Stegmann et al
1981; Tegtbur et al 1993., Almarwaey et al. 2003., 2004) concentrations of blood lactate
are used. Therefore, it is important to verify the ability of serious speed to calculate
approximately the speed at a blood lactate concentration of 4 mmol-17! in children, who
tend to have a lower blood lactate concentration than adults at submaximal and maximal
intensities (Eriksson and Saltin 1974; Almarwaey et al. 2003., 2004), because of lower

glycolytic enzymes concentrations and the increased concentration of oxidative
enzymes.

2.15 Summary.

The literature review state that, there is no relating studies on MLSS and adolescent
athletics or children area. Also, there is a lack of studies to detect the most important
physiological responses related to endurance performance and trained adolescent
runners. Furthermore, there are no studies involving the effects of endurance training
programme and adolescent middle distance runners. A few studies involve growth
hormones and development throughout stages 1-5 but not adolescent runners. Little data
available on threshold and haematological profile but none related to our population
groups. Moreover, it is difficult and not promising to achieve straight measurements of
muscle fiber types to detect the muscle ability and energy metabolism throughout this
population group’s performance. Therefore, investigators applied to add the WAnT as

indirect measures to look at the improvement of anaerobic performance.
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