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^ « 4n analysis of the qualities required in 
sprinting is made in terms of the muscle groups 
involved, taking into consideration: I] their bio
mechanical qualities. 2) their metabolic charac
teristics and 3) their motor control. These three 
factors ore discussed in detail. 

A bicycle ergometer experiment, carried out over 
a period of 9 weeks with 9 students, provides the 
basis for several important conclusions to be 
drawn regarding these three factors. 
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Professor Dr Rene Lacour is director of the 
Laboratory of Physiology at the Pasqual Bernald 
University of Lynn, France. Main subject of his 
last work is the energy expenditure of sprinters. 

Performance in the sprint events calls for the 
use of many different qualities. This study will 
attempt to analyse a few of them: 

1) The biomechanical qualilies of the muscle 
groups involved in locomotion. 

2) The metabolic characteristics of these muscle 
groups. 

3) The motor control of these groups. 

1 Biomechanical qualities 

We have known, for a long time, how to mea
sure the maximum strength of a muscle, under 
both Isotonic and isometric conditions, but not 
under the conditions in which movements usually 
take place. At the moment, the simplest way to 
study the relationships between the strength, 
speed and power provided by the muscle groups 
of the lower limbs involved in locomotion is by 
means of cycle ergometry. The results obtained 
can be used to analyse running events, even 
though the movements may be quite different. 
For the measurements made during the execu
tion of an explosive movement to be of any use, 
one must take into account the use of kinetic 
energy. 

The principle entailed with this was brought to 
the fore more than 20 years ago, by H. LAKOMY, 
but its application was rendered difficult by the 
lack of means for taking measurements. We now 
use systems of data storage and simple calcula
tions, which allow us to take hundreds of mea
surements for each turn of the wheel, and thus 
obtain very precise information. In order that the 
results obtained may have significance in relation 
to movement, they are regrouped and averaged 
for each stroke of the pedal. 

A period of 4 to 6 seconds of maximum accel
eration will reveal the main mechanical charac
teristics of the production of power by the lower 
limbs: 
1) Maximum power (Pmax); 
2) the speed of movement by which this power 

is produced; optimal power (VoptJ. 

It should be noted that, when the inertia of 
the flywheel is taken inlo account, the values of 
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Pmax and Vopt remain the same, whatever may 
be the inertia of the flywheel or the force of fric
tion opposed to its movement, provided, of 
course, that the system is activated. For example, 
moderately trained individuals, using a Monark 
cycle ergometer with a flywheel weight of 8kg, 
produce the same values for friction forces of 
between 25 to 75 kilogram weight. Quite simply. 
Pmax is attained more slowly as the friction force 
is increased. 

The maximum powers achieved vary from one 
person to another. For example, for international 
class runners, it is about 8 watts/kg in the case of 
marathon or ultra- distance runners and about 
18 to 20 watts/kg in the case of sprinters, with 
the middle dislance runners presenting interme
diate values (cf Figure 1]. The optimum speeds 
are, on average, for the same groups of alhletes, 
100 to 145 rpm respectively. This optimum speed 
is very closely correlated with the percentage of 
the surface of the section of muscle occupied by 
fast twitch fibres (FT); r = 0.84; P< 0.05; n = 8. 
The muscle composition has a much weaker cor
relation with maximum power. However, Pmax 
and Vopt are very closely correlated wilh each 
other. A comparison between some of the top 
Italian sprinters (1994) and a heterogeneous group 
of individuals participating in a number of disci
plines at regional or national level shows that it 
is the sprinters who display both lhe highest 
Pmax and Vopt. 

9 students, with an average age of 20. took 
part in a 9 weeks sprint training experiment, dur
ing which they undertook. 4 times a week, 15 
maximum speed efforts on a cycle ergometer, with 
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Figure 1: Relationship Vopt - Pmax 

rest intervals of 55 seconds. With this training, 
Pmax increased by 23%, while Vopt improved by 
less than 3% [Figure 2). 

From these data the following conclusions 
made be drawn: 

• The indispensable requisite for the develop
ment of maximum power is the highest possi
ble level of speed. 

• Of these two qualities, it is Vopt which seems 
more expressive of the individual's genetic 
qualities and less responsive to training. 

• It seems, therefore, that the qualities required 
for sprinting can appear only in those individ
uals who possess naturally a high percentage 
of R fibres, and who can maintain this high 
percentage no matter what the training. It 
should be noted, in fact, that these are the 
same characteristics which induce the develop
ment of the metabolic qualities of muscle, and 
which favour the activity of the slow isoforms 
of the heavy chains of myosin. 

2 The metabolic qualities of muscle 

A study of these metabolic qualities in top 
class sprinters has rarely been made, for it neces
sitates the praclice of muscular biopsy. One, 
therefore, has to use dala obtained from sprint 
training of sedentary subjects and this dala is 
then compared with the few details which can be 
obtained from top class sprinters. 

The nine week's sprint training experiment, 
already mentioned, has allowed us to make the 
following observations regarding metabolism, by 
comparing the muscle composition at rest with 
that registered after a series of 15 sprints of 5 
seconds duration, with rest pauses of 25 seconds: 

• The distribution of fast and slow twitch fibres 
was not altered. 

• The concentration of ATP was nol changed by 
training, either at rest or after the series of 
exercises. 

• The concentration of phosphocreatine (PCr) in 
the muscles at resl was not changed; on the 
other hand, the concentration at the end of 
the exercise was diminished, which corre
sponds to an augmentation of the reserves 
capable of being utilised by the muscles. 

• There was increased activity of the enzymes 
which intervene in glycolysis, especially phos
phofruclokinase (PFK); moreover, the sprints 
scries brought about a most significant in
crease in the concentration of lactate in the 
muscles after training. This was accompanied 
by an increased concentration of lactate in the 
blood measured at the end of exercise. It is 
remarkable that, classically, these exercises of 
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Figure 2: Considerable Increase of Pmax, but only very Uttle increase of Vopt 

5 seconds duration are supposed to make de
mands on the anaerobic alactic metabolism, 

• Better still, sprint training produces an increase 
in the quantity of oxygen consumed during 
the sprint series. 

These data can be verified on the track. For 
races of from 400 to 800 metres, i l has been 
found that the blood concentrations of lactate, 
measured between 5 and 10 minutes after the 
finish of the competition, are directly propor
tional to the average speed maintained during 
the race. The highest concentrations are found at 
the end of the 400 metres runs; they can then 
reach a height of more than 26mnujl per litre. 
After shorter races, the blood lactale concentra
tion is still very high; 18-20 mmol/litre after 200 
metres. 14-16 after 100 metres and 10-13 after 
60 metres. This shows that anaerobic glycolysis 
occurs intensely in sprint races, even over very 
short distances. 

For a 60 metres race, it still provides about 
70% of the energy. This blood concentration of 
lactate can be seen to show some correlation 
with the speed attained over 200 meires; on the 
other hand, no correlation has been observed at 
shorter distances, probably because other factors, 
mechanical or technical, play a more important 
role than the production of energy. 

A comparison of the relationship between 
blood lactate concentration and speed, in men 
and women athletes, shows that women attain 
the same concentrations as men. but at slower 
speeds. The difference in the performances ol 

men and women must be explained in terms of 
running efficiency rather than the production of 
energy. 

3 Reactive power 

Measurements of reactive power, made, fo l 
lowing the technique proposed by Bosco and 
VITTORI, on some of the sprinters participating in 
the Italian Championships of 1994, allows one to 
make the following observations: 
• Reactive power increases in proportion to the 

length of the race distance (from 60 to 200 
metres - cf Figure 4). 
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Figure 3: Sprint speed and lactate 
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Figure 4: Reactive power and sprint 
The values of the reactive power are 
more increased by the specialists of 
the long sprint. 

• At distances of from 100 to 200 metres, the 
greater the reactive power the better the ath
letes maintain their top speed. 

• After a 100 metres race, the blood lactate con
centration rises as the reactive power is elevat
ed {Figure 5). 

These phenomena may be interpreted as fol
lows: reactive power allows a decrease in contact 
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Figure 5: Lactate and reactive power at IOOm 

time, which favours the maintenance of top 
speed. It will allow the leg muscles to contract at 
a speed closer to the optimum and, at the same 
time, produce more power. 

[?S] 
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