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Presentation of the historical stages of the maximum aerobic speed
of the child from 1938 to the presentday
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Abstract:

The study of the maximum aerobic speed in childrenwaslargelyinspired by
the methodsdeveloped, from the eighteenth and nineteenth centuries, for adults. .
Since the remarkablework of Robinson (1938) and Astrand (1952) and work on
cardiac output, nothingreally new about the child’s coping mechanisms for
maximum exercise. Ethical and methodologicalconstraints have hindered the
development of maximum exercisephysiology in children. However, in
recentyears the influence of maturation on VO2 max has been clarified.
Geneticstudies and the study of children in extreme conditions (training, altitude,
etc.) are expanding and increasing.
Keyword: maximum aerobic speed, the child.
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I - Introduction:

The energyrequired to perform a prolongedsub-maximum or maximum
exercisedependsessentially on aerobicmetabolism. Cross-country (2000-3000 m)
or cross-country (10 km in the Marathon) eventsrequire a particularly high
aerobicability. However, thisaerobicabilityislargely multi-factorial (Noakes, 1988).
It has ©been shownthattwosubjects can have identical maximum
oxygenconsumption (VO2max) but obtainvery different chronometric
performances, up to more thanthree minutes over a 10 km (Morgan et al., 1989).
However, itturns out that in activities lasting about seven minutes, a high VO2
max 1is a necessary condition, but not sufficient. For example, the
mechanicalefficiencythatis how to spendenergyduring a trip (withequalamount of
energy, isit a large or smallconsumer?) is a performance factor that must
beconsidered.

-Aerobic fitness has three components :
-maximum aerobic speed (PMA) or (VO2 max).
-Endurance or aerobiccapacity.

-Oxygencost and mechanicalefficiency.

Our studyaims to expose the historical stages of maximum aerobic speed (VO2
max) during the biologicaldevelopment of the child, according to the work of
Emmanuel Van Praagh, Eric Doré, Pascale Duché, Christophe Hautier and
otherresearchersrespectively;

1- Définitions

During a sub-maximum exercise, oxidativeprocesses, objectified by
oxygenconsumption (VO?2), first increasegradually to an equilibrium value
thatisreachedaround the fourth minute. This delayisnecessary for the gas exchange
system to adapt and reach a level of operation compatible with the need for gas
exchanges. Fromthis point on, the energyrequired for resynthesis of ATP used for
muscle contraction comesentirelyfromoxidative phosphorylations (Flandrois,
1992).
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The maximum oxygenconsumptiondependsdirectly on the adaptation of

the respiratory and circulatorygas exchange system responsible for capturing,
transporting and delivering to the muscles the oxygenmoleculesnecessary for
oxidations. There is a linearrelationshipbetweendeveloped power (watts) and
oxygenconsumption (VO2 in l.min-1).

- However, the increase in VO2 has a limit:from a variable given power according
to the individuals, any new increase in the imposed power no longer determines
an increase in VO2; the maximum oxygenconsumptionisthenreached (VO2 max)
to which the maximum aerobic speed (PMA) corresponds” (Flandrois, 1992).
Related to the body mass of the subject, VO2 iscalledspecific or functional (ml
02 kg-1.min-1).

II -Methods and Tools

1-Presentation of currentknowledge:
-Untrainedchild:
-VO2 max and Growth:

Variations in VO2 max as a function of growth have been published in several
French (Grandmontagne, 1977;Flandrois et al., 1982, Guirauden et al., 1981;
Mercier et al., 1986; Van Praagh et al., 1988) and foreign publications
(Krahenbuhl et al. 1985;

Armstrong &Welsman, 1994; Léger, 1996; Rowland, 1996). From all thesestudies,
itappearsthat:

-VO?2 absolute max (1.min-1) perfectlyfollows the growthcurve of girls and boys.
On the other hand, the variations are, at anyage, more marked in the boy.
Concretelythismeansthatpeak VO2 alsogrows in childrenwho are free of EPS or
who have veryreducedphysicalactivity.

-VO2 max specific (ml.min-1.kg-1) does not vary in boy between 6 and 16 years.
On the other hand, this maximum oxygenconsumption relative to body mass
decreasesfrom the age of 810 years in the girl.  This
sexualdimorphismisfurtheraccentuated at the time of pubertywhen the amount of
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hemoglobin (O2 transporter) issignificantlylower and the amount of fat mass
(estrogen) higher in the girl. In boys, androgens are responsible for an increase in
muscle mass (high energyconsumption). It turns out that in all long-
termactivitieswhereitis a matter of carrying body mass, the boyis on average more
efficient than the girl. Onlywhenswimming long distances (e.g. crossing the
English Channel) is the girl’slower body density an advantage.

2- What “normalization” factors to use?

The above discussion shows thatitisclassic and easier to compare
subjectswithdifferent body dimensions by dividingpeak VO2 (l.min-1) by total
body mass (mlkg-1.min-1) Especiallysince the correlation coefficients
betweenthesetwo variables are typicallygreaterthan r = 0.70 duringgrowth (Davies
et al., 1972). The data from the literature are consistent becausethey show that
relative VO2max ispractically constant around 50 ml.kg-1.min-1 in boys between
8 and 18 years and decreasesgraduallyduring the sameperiod in girls from about
45 to 35 ml.kg-1.min-1 ( Krahenbuhl et al., 1985, Falgairette, 1989). Since the
remarkablereviewwritten by Tanner in 1949, showingthat the body mass
normalizationmethodcouldinducebiases in the interpretation of the results,
otherstatistical analyses weresuccessivelyimposed (linear model (Williams et al.,
1992) and allometric model (Astrand and Rodahl, 1970);McMiken, 1976; Bailey
et al., 1978). Regarding the lastmodel, the relationshipsbetween VO2max (Y) and
body dimensions (X) are describedusing an allometricrelationship (or power
function) (Nevill et al., 1992):

Y =a. Xb oulog (Y) =a + b.log(X)

According to the theoreticaldimensionalanalysis, in child pic VO2
shouldbeproportional to body mass at power 2/3 (Astrand and Rodahl, 1970).
Most studies in children show an exponent of the order of 0, 80. However,
whenweintroduce in this model not only the mass, but also the size of the subject,
the exponentis close to the theoreticalexponent 0.67. Recently, Armstrong et al.
(1999) using a multiplicative allometric model (Nevill et al., 1998) were able to
show thatwhen body dimensions are statisticallywellcontrolled, peak VO2
continues to increase in boys duringgrowthuntiladulthood. However, in the girl
peak VO?2 increasesuntilpuberty, and thenplateauswhenitreaches the adult stage.
Furtherstudieswillbeneeded, but already one can question the relevance of using
total body mass as a commondenominator in studies of aerobic performance
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duringdevelopment

III- Result:
1- VO2 max and maturation:

By studying the size growth of his son, fromhisbirthuntil the age of 18, the
Count of Montbeillardcarried out the first longitudinal study in the world (1759-
1777). Auxologists observe that as pubertyapproachesgrowth in height, weight
and othersomatic variables experienceacceleration, peak, and
thengraduallydecelerateintoadulthood. The age of the growth rate peakis an
important indicator for the exercisephysiologist. This ageisessentiallyindividual,
itsknowledgeallows to compare the results of
physiologicalmeasurementsbetweenseveralindividuals or groups. In a given
population, the mean values of the peakgrowth rate are for girls between 12 and
13 years of age and for boys between 14 and 15 years of age (Tanner 1962,
Sempé and Sempé 1971).

Giventhis «sexualdimorphismy», the girl isbiologicallyearlier and her body able
earlier to «undergo» the differentphysiological and mechanicalconstraintsimposed
by the EPS sessions or by the training. There are only cultural «resistances»
thatmakethesebiologicalprinciples not alwaysrespected. The class is by
definitionheterogeneous, thisbiologicaldifference can  goup to 5
yearsbetweenindividuals of the samecalendarage (Kemper and Van Praagh 1986).
It goeswithoutsayingthat the sametypical PE session will not induce the
samephysiologicalresponse in a 13-year-old (actuallyhaving a biologicalage of 10
years) and anotherchild (actuallyhaving a biologicalage of 15 years).

2- VO2 max and heredity:

Studies have been conducted on bothtwins and family composition to
investigate a possible relationshipbetween VO2 max and geneticpotential
(Malina& Bouchard, 1991). The identification parametermostused in
thesestudiesis the hereditary index (IH). This index means the proportion of total
variance attributed to genotype and environmentalvariability. The index can
varybetween 0 and 1 (between 0 and 100%). Klissouras (1971) reported RH
greaterthan 90%, however more recentstudies show lower indices (Bouchard et al.,
1986;Engstrom&Fischbein, 1977; Komi & Karlsson, 1979; Prud'homme et al.,
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1984).

Bouchard &Lortie, 1984 set up an identical 5-month training performed by
homozygoustwins (samegenotype). This showed the existence of «good»
responders (noticeableimprovement of VO2 max) and «bad» responders
(stagnation of aerobic performance). According to the team of Bouchard (1986)
50 to 70% of the variance of VO2 max can beexplained by heredity.

In summary: It nowseemswellestablishedthat the variations of VO2max due to
exercise are largelydifferentfrom one subject to another. That the same training
program inducesdifferentphysiologicalresponsesaccording to the subjects. That
the influence of geneticpotentialcounts for much in the variations of
thisindividualresponse.

3-Trainedchild:
3-1- VO2 max and drive:
- The first studies:

The SwedishauthorEkblom (1969) was the first longitudinal study in which 11-
year-old boys underwentrelatively intensive training for 3 years. Brown et al.
(1972) conducted a similarstudy3 of girls aged 8 to 13. However, the duration of
the training program isonlythreemonths. Kobayashi et al. (1978) thenstudied for
five years the effects of varied and intensive training on boys aged 9 to 13. In this
last study the authorsused the growth rate peak, an important somatic marker
showingthat the effects due to training weresignificantly more markedafter the
onset of the peak

-Training parameters:

The improvement of VO2 max through training depends on the duration,
intensity and frequency of the sessions:

— Duration effects: A recentliteraturereview of 27 longitudinal studies (Kemper
and Knop, 1995) foundthat: Relative VO2 max (ml.min-1.kg-1) of children and
adolescents increased by an average of only 7,6% followingworkouts lasting
lessthan 6 months. In long-termstudies (6 months and more) therewaseven a
decrease in relative VO2 max (-1.8%). When the training criteria of the American
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College of Sports Medicine (1990) are met, the variations are virtuallyidentical,
whetherthey are pre-pubescent children (+ 10.7%) or adolescents (+ 11.0%).

These values are close to thosereported for adults.

— Effects of intensity:

Intensive training started in the pre- or peripubertalperiod or in the adult
stage does not increase VO2 relative max (ml.min-1.kg-1). Somestudies (6 out of
9 in total) show that the maximum aerobic speed improvesduring the pre-
pubescent stage, when the training regimeisequivalent to thatobserved in adults.
The same observation was made on more mature subjects (adolescents). Lacour
and Denis (1984) report a study by Flandrois et al. (1979), the latter observed a
40% improvement in VO2max (l.min-1) in youngathletesaged 15-16
yearssubjected to daily and intensive training of 6 months.

- Effects of frequency: Duché (1992) summarizedstudiesthatobserved a change (%)
in VO2 max based on the number of training hours per week.

In summary, thesestudiesshow:

-itdoesn’tseemnecessary to start VO2 max training tooearly. A good
indicatorcouldbe the peak of maximum growthwhich in the French population is
on average for the girl at 12 years and 14 years for the boy.

-that VO2 max islimited by individualgeneticpotential.

-thatitsimprovementisonly possible if the training has a level of intensitythatis not
necessarily compatible with the averageability of a college class.

3-2-VO2 max and decompression:

The almostcomplete cessation of the regular practice of APS or regular
sports training and its influence on VO2max has been verylittlestudied in children.
However, Klausen et al., 1981 showed in a group of adolescents that the gain of
about 15% obtainedthrough more intensive training for 2 months,
hadcompletelydisappearedafter 8 weeks of inactivity. In France, Flandrois et al.
(1982) showedthat VO2 max wasreduced by 5% in boys and 9% in girls
afterthreemonths of training due to schoolholidays (swimmersfrom 11 to 16 years).
Figure 8 shows thatthesephenomenawereobservedtwoyears in a row,
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whichsignificantlyreduces the share of chance.

-Rowland (1994) measured VO2 max in five childrenaged 7-11 yearsimmobilized
for 10 weeksafter an accidentalfemur fracture. After 3 months of re-training, VO2
max was 37, 2 to 42, 9 ml.kg-1.min-1 (more than 13%). Afterthesethreemonths,
VO2max no longer increased. The authorhypothesizedthat the 13%
increaseduring the rehabilitationperiod, actually corresponds to the decrease due
to immobilization in bed. Thesestudies, althoughthey do not allow to conclude,
couldbe a subject of reflection for those in charge of the thornyfile:schoolrhythms
(alternating EPS-holidays). Rememberthatwestillhold in France the world records:
a) the longestschoolday, b) the longestschoolholidays. Moreover, they tend to
demonstrate the extremeplasticity of ourphysiologicalfunctionsprovidedthatthey
are sufficientlystimulated.

3-3-VO2 max concept:

In adults, the maximum consumption of oxygenis an indisputable indicator
of the good or badfunctioning of the cardio-respiratory system, as well as an
essential performance criterion in endurance tests. However, itis not at all certain
that the resultsobtained in children can beinterpreted in a similarway.
Sincespecific VO2 max (ml.min-1.kg-1) of the childpracticallydoes not
varyduringgrowth, while at the same time its endurance can
verysignificantlyimprove. This gain can beobtained by a decrease in energycost
(the subjectbecomes more economical) duringsomeprolongedexercises, either by
qualitative changes in energy release, or by the improvement of anaerobicfactors
(speed, strength).

3-4- Speed concept associatedwith VO2 max (VAM):

VO2 max is a usefulparameter for comparing the maximum ability of subjects
to consume O2 during a givenexercise. However, itis not of direct practical use. It
isnecessary to better know at what maximum speed thisparameter corresponds
(Margaria et al., 1965). Moreover, this index not onlytakesintoaccount VO2 max,
but also the mechanical performance withwhicheachsubjectperforms a
givenexercise. Afterdetermining VO2 max on the treadmill, Astrand (1952) ran
girls and boys 4 to 18 years of age (Table 2) for 5 min at the speed at which VO2
max wasobtained (“maximum aerobic speed” (VAM in km.h-1). In boys
thereisundoubtedly an effect of age, whichis not the case in girls. The 10-year-old
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girl runs almost at the same VAM and for five minutes as the 15-year-old.

3-5 -Evolution of VAM(km.h-1) for girls and boys by age(Astrand, 1952):

Recently, Berthoin (1994) evaluated VAM on a large sample of girls and
boys aged 12 to 17 using a field test (Léger & Boucher, 1980). As in the Astrand
(1952) study, VAM increasedsignificantlywithage in boys (from 12 to 13.7 km.h-
1 between 13 and 15 years, respectively) and wasindependent of age in girls (from
10, 8 to 10, 8 km.h-1 between 12 and 17 years, respectively). It shouldbenotedthat
the VAM values in the laboratory (on treadmill) are significantlyhigherthanthose
in the field (subjectdriven by the engine, absence of aerodynamic forces). The
maintenance time of the VAM in thisschool population issubstantiallyidentical
(just over 5 min) to thatobserved in the study of Astrand (1952).

3-6- VO2 max or Endurance?

It isoften about the endurance qualities of Africanrunners, and especially Kenyans.
Shouldtheserunnersfrom the highlands have exceptional VO2 max?Saltin et al.
(1995) studied the best Kenyan runners (cadets-juniors-seniors) to test
theiraerobicpotential. Sub-maximum and maximum tests wereperformed on the
treadmill, both at sealevel and at high altitude (2000 m) and a comparisonwas
made with a group of young Kenyan boys not trained and the best
Scandinavianrunners. In altitude, the untrained and trained boys have respectively
a VO2max of 47 and 62 ml.kg-1.min-1. Seniors had a VO2 max of 68 ml.kg-
l.min-1 on average, at altitude and 79.9 ml.kg-1.min-1 at sealevel. That is,
practically the same values as the best Scandinavianriders. In contrast, race
economy (VO2 at a given speed) wassignificantlybetter (VO2 lower) among
Kenyans. The authorsconcludethat a combination of skills, dailyphysicalactivity at
altitude (running = means of transport) and very intensive training, can explain the
good results of theserunners.

3-7- Future research directions:
Questions that have not yet been answeredinclude:
- Whyis the adaptation to VO2 max training less in childrenthan in adults?

- Whatlevels of intensity, duration and number of sessions are required to improve
the child’s VO2max?
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- Can an increase in dailyphysicalactivity (e.g. more EPS sessions) influence VO2
max?

- Is puberty a particularly sensitive time?

- Work simulators (ergometers) are rarelyadapted to the biologicalpossibilities of
the child.

- New and non-invasive technologies (MRI, NMR spectroscopy...)
willundoubtedlygive a new era to the knowledge (at the cellular and
molecularlevel) of child adaptation during maximum exercise.

IV - Conclusion:

The study of the maximum aerobic speed in childrenwaslargelyinspired by the
methodsdeveloped, from the eighteenth and nineteenth centuries, for adults. If the
first study (1926) of the child’sgas exchange wascarried out undersub-maximum
conditions, itwas not until 1938 that the first study of VO2 max wasborn. Since
the remarkablework of Robinson (1938) and Astrand (1952) and work on cardiac
output, nothingreally new about the child’s coping mechanisms for maximum
exercise. Ethical and methodologicalconstraints have hindered the development of
maximum exercisephysiology in children. However, in recentyears the influence
of maturation on VO2 max has been clarified. Geneticstudies and the study of
children in extreme conditions (training, altitude, etc.) are expanding and
increasing. However, pediatricergometryiswaiting for the development of a non-
invasive technology, but still extremely expensive, to really examine aerobic
metabolism at the cellular level.
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