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LOAD DOSAGE AND CONTROL
DURING THE ACCLIMATIZATION
PHASE OF THE ALTITUDE TRAINING
OF LONG DISTANCE RUNNERS:
A REPORT FROM EXPERIENCE
Günter Lange

1. Introduction
The athlete's acclimatization is
perhaps the most difficult phase in
altitude training; the author here
illustrates the use ofthe exercise pulse
rate and the concentration of lactic acid
as parameters for the optimisation of
load dosage in endurance runs during
this critical phase. • •

Translation from the original
German by Jürgen Schiffer

The controversial opinions of
coaches and athletes on the effectiveness of altitude training are normally
the result of positive or negative individual experiences ( = > emotionality
of Standpoints). Success or failure of altitude treining have their causes in a
variety of potential faults.
The aim of this article is neither to
give scientific proof ofthe biological effectiveness of altitude training nor to
establish a Standard load for the improvement of the endurance capacity.
The aim is rather to illustrate on the
basis of the experiences gained in a
training camp with junior athletes in
St. Moritz (1753 m above sea level)
from July 13 to August 3, 1985, the
methods of training used for the optimisation of loads (avoidance of overand underloading) with regard to endurance runs during the acclimatization phase of altitude training. The
training camp was part of the prepara-
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tion for the European Junior Athletic
Championships*.
The article also includes practicable
advice on the load dosage and -control
of endurance runs: extension of the
general acting- capacity ofthe coach by
the improvement of his acting-competence in the concrete sporting Situation
of load dosage and -control in endurance runs during the acclimatization
phase of altitude training.
2. The external and internal
parameters of the training load in
middle and long distance running
Apart from the dosage and control
of the load via the parameters
—
—
—
—

volume
intensity
load density
training frequency,

external load

the following reactions of the athletes
give further important information for
the avoidance of over- and underloading:
— subjeetive feeling
of well-being
— interpretation of the
Symptoms of fatigue i n t e r n a l l o a d
(perspiration, skin
colour, respiratory
rate, movement
behaviour) by the coach.
Relevant criteria of the intemal load
are the measurement of the pulse rate
and the determination of the aerobicanaerobic threshold, which is defined
as the highest running velocity that can
be maintained without a rise in lactic
acid concentration (maximal laetate
steady State).
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In order to show the causal eonneetion between the external and the internal load, and the dependence ofthe
internal load on the individual training
State, the following experiment was
carried out: four experimental subjects
of varying Standards (squad athlete,
jogger, keep-fit athlete, smoker) ran
together a distance of 2,400 m (identical external load). The speed was increased every 400 m (variation/continuous progression of the external
load).
This experiment led to the following
conclusions:
1) external and internal loads are
mutually dependent (intensity of load/
height of pulse rate);
2) with identical external loads,
there are individual differences in
loads because of the varying level of
endurance (identical load intensity/individual pulse rate).
As far as training methods are concerned, it became obvious that an individual dosage and regulation of loads
were both necessary and possible. The
running velocity can be deduced from
the laetate behaviour (usal procedure
of load dosage and regulation); it can
also be determined by means of the
pulse rate.

2.1. The pulse rate
The pulse rate is a practicable indicator of the internal load and an irreplaceable parameter of load dosage and
control in endurance runs. In the practice of training, the pulse rate is a valuable aid at sea level as well as at al-

* Since only two athletes took part in the experiment, the empirieal data are presented without laying
claim to a scientific character.

titude. If measured correctly (for 10
seconds within the first 15 seconds after
exercise), it gives immediate information about the individual amount ofthe
emotional and physical load. The individual linear correlation between the
external load (running velocity) and
the exercise pulse rate up to the
aerobic-anaerobic threshold allows an
individual load dosage below the
aerobic-anaerobic threshold (cf. Conconi et al., 1982, pp. 869 ff.; Aigner et
al., 1982, pp. 284 ff). Since the
threshold pulse rate during endurance
training is on average only two beats
per minute higher than the threshold
pulse rate in graded exercise tests (testing procedure to determine the
aerobic-anaerobic threshold), the
aerobic-anaerobic threshold can also
be sought or avoided during endurance
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Fig. 2 - Pulse rate curves (intemal load) of four experimental subjects of varying endurance Performance
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runs by means of the threshold pulse
rate measured in the graded exercise
test.
The pulse rates of all four experimental subjects (parameters of the intemal load) were continuously measured during and after the run. This
was done with the "Sporttester
PE3000" by the Company "Polar Electro". "Sporttester" was fixed to the
front of the thorax by a belt containing electrodes. The pulse rate Signals were transmitted to a reeeiver

Pulse

rate

worn on the wrist. The relevant data
were recorded by a "Canon X 07-Microcomputer" and were made visible by
a colour printer.
On the occasion of a series of experiments condueted at the German Sports
University in Cologne (ef. Lagerstr0m,
1982, pp. 401 ff.), the following observation was made: while there was an increase in the pulse rate and the
metabolic aeidosis of coronary patients
during bicycle ergometer tests in St.
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Fig. 4 • Orthogonal regression of threshold pulse rates between gradually increasing load and continues
load (n = 16) (Hess, 1982, p. 51)
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Moritz as compared with identical tests
at sea level, the required pulse rates
(required pulse rate < threshold pulse)
measured at sea level could be sufficiently used for the individual regulation of intensity (avoidance of aerobicanaerobic threshold) at altitude.
The reason for this was the comparable increase in heart rate and laetate
concentration at altitude.

Exercise pulse during
<
altitude training

— independent of the endurance
training State, which finds expression
in the aerobic-anaerobic threshold,
there is an individual ränge of exercise
pulse rates as a response to running velocity.
An identical increase in intensity
(external load) causes an individually
different ränge of exercise pulse rates
varying between 15 and 45 beats per

Aerobic energy
production

Threshold
pulse at sea level = >

Nevertheless, there are limits to the
pulse rate measurement:

minute. Assuming that there is an error
in counting of 1 beat per 10 seconds,
the dosage and control of the quality of
endurance runs (intensive, developing,
regenerative) the way it is still done by
the Performance diagnostician Keul
from Freiburg is problematic.

— pulse rate measurement is not
suitable as a means of control of load
dosage and regulation for athletes who
have not yet reached puberty;

yet reached p u b e r t y ;
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min

Fig. 5 - Heart rate (HR) behaviour (telemetrically measured) of 10-year-old girls in dependence of
running duration and varying intensity (logarithmic time representation)
In: Wikowski, Renate (ed.), Ausdauerleistungsfähigkeit im Schulsport. Berlin 1980, p. 39

Fig. 6 - Two-dimensional linear regression between the 4-mmol/l laetate threshold with a grade duration
of 5 min and the change in pulse rate per increase in running velocity by 1 m/s during continuous exercise
(n =15) (Hess, 1981, p. 111)
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2.2. Determination ofthe laetate
concentration
Aecording to Mader (ef. Heck, 1985,
pp. 40 ff.), the maximal running velocity at which there is still a balance between laetate production and elimination can be found by the determination
of the aerobic-anaerobic threshold.
If the maximum of purely aerobically covered energy requirements is
equated with endurance Performance
capacity, the concept of the aerobicanaerobic threshold allows the exact
regulation and control of the intensity
of endurance runs.
In this test, characterised by a
gradual and continuous increase in Performance, the erossing of an empirically found limit of 4 mmol/l laetate is
determined by linear Interpolation.

Aecording to Mader, a loading duration of 5 to 10 minutes on each grade is
important for the significance of the
test as far as the intensity dosage is concerned.
During the carrying out and evaluation of the test in Cologne (sea level)
and in St. Moritz (altitude), the
number of the variables was reduced to
the influence variable "altitude".
This was possible because of identical:
— experimental subjects/training
states;
— grade durations (3,323 m);
— load intensities (running velocity) / grade progressions;
— surfaces (synthetic track);
— loading characteristics (running
without spikes);
— experimental staff / evaluation procedures.

Field experiment: 6 x 2,323 m
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Fig. 7 - Possibility of training load regulation by means ofthe lactate-speed curve using known terms from
training theory (Föhrenbach in Heck, 1985, p. 50)
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Fig. 8 - Method of determining the "aerobic-anaerobic threshold" (4 mmol/l laetate) aecording to Mader
et al. (Heck, 1985, p . 23)
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Fig. 10 - Mean values of laetate behaviour on the treadmill at an angle of ineünation of 0%, 2%, 4%,and
6%, and on dry lawn, synthetic, tamped (cinder), and clay surfaces. The values ofthe quadratic regression
form the basis of the depieted curves

3. Altitude specific problems
of load dosage and control
3.1. Influences of exposure to altitude
on the Performance willingness
and the Performance capacity
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In the first 4 to 7 days, the acclimatisation of the human body to altitude is
characterised by an extreme alcalosis.
In order to eompensate for the decreased partial 02 pressure at altitude as
well as for the resulting reduetion of alveolar 02 pressure and arterial 02 Saturation, there is an increase in Ventilation
and a decrease of C02 pressure. The respiratory alcalosis (0, deficiency) is followed by an acute sympatico-adrenal
reaction with an increased formation
and distribution of catecholamines (adrenalin/noradrenalin). The activation
of these stress hormones causes an excessive Performance willingness of the
athlete in the aeclimatisation phase.
There is also an acute reduetion of
blood volume ( = > increase in haemoglobin concentration = > increase in

blood viscosity) because of the increased water loss (caused by the increase in respiration). The reduced
haemoglobin concentration leads to a
reduetion of the maximal cardiocirculatory Performance capacity and the
maximal 02 uptake by ^ 15%: reduetion of aerobic Performance capacity,
the long-term compensation of this results in the desired improvement of the
aerobic Performance capacity caused
by the rise of the total haemoglobin
concentration (new formation of red
blood cells). If the load in the
aeclimatisation phase is too high, the
sympatico-adrenal reaction does not
disappear, and the latent drop in Performance capacity becomes a manifest
one: the positive effects of altitude
training (improvement of the aerobic
Performance capacity) are turned into
their opposite (protein catabolism).
Thus, as far as training methods are
concerned, there should be no
anaerobic training forms in the
acclimatization phase of altitude training.
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Fig. 11 • The influence of optimal load in the acclimatization phase of altitude training on the improvement
o f t h e aerobic Performance capacity (Mader, unpublished)
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Fig. 12 - The influence of overloading in the acclimatization phase of altitude training on the improvement
of the aerobic Performance capacity (Mader, unpublished)

3.2. Phase structure of the load
in altitude training
The following phase model of the
load in altitude training, which was developed by an experienced coach,
takes into aecount the interrelations
represented by Mader (see above) as
far as their biomechanical complexity
is concerned:
In the first phase of acclimatization,
the training should not be too exhausting (Pöhlitz, 1986, p. 24): slow endurance runs of about 30 minutes two or
three times a day; flexibility exercises,
swimming, light games and walks. The
second phase is divided into a first part
characterised by high training volumes

and some speed training, and a second
part which is characterised by an increase in intensity (two or three
anaerobic training sessions). As far as
load dosage and regulation are concerned, Pöhlitz recommends to reduce
the speed of endurance runs by 0.3 to
0.4 m/sec. In the third phase, the training volume is reduced and the loads are
purely aerobic. This phase is to be understood as a preparation
for
reaeclimatization: avoidance of states
of fatigue.
The following phase structure of my
altitude training concept is strongly influeneed by Pöhlitz.
(See Table on the following page)

Altitude pceparation St Moritz
20 Days

Main ooinls
Athletic strength
Aerobic endurance
ist Phase
Germ. ^
Champ. 27
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Anaerobic endurance
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Systematic intensification
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241h 25th Day
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Fig. 13 • Selected factors of altitude training as well as of the following 3 weeks at sea level (female middle
distance runners) (Pöhlitz, 1986, p . 24)

41

1
Duration (days)

Ist phase:
acclimatization
5

Endurance run (ER)
(training sessions)
a) Intensive ER
b) Developing ER
c) Regenerative ER

a) 5

b) 8

3rd phase:
regeneration
3

Sum
total
21

3
3

3
2

5
4

1
3

12
12

Endurance runs with
changing speed

—

1

—

—

1

Speed runs
long ( > 999 m)
short ( < 999 m)

—

2

2
2

—

4
2

Speed ( < 60 m)

1

1

1

—

3

Other activities
(e.g. walking)

1

Massage

1

4. The carrying-out of a training
plan (example) - Load dosage and
regulation in endurance runs during
the acclimatization phase
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2nd phase:
training

My method of doing justice to the
necessity of specific load dosage and
regulation in endurance runs during
the acclimatization phase of altitude
training consisted in the measurement
of the pulse rate and the determination
of the aerobic-anaerobic threshold. As
has been shown, these parameters can
be of considerable help in avoiding
over and underloading.

1

—
2

4

—

7

I carried out the following tests:
a) determination of the aerobicanaerobic threshold (MADER) in
combination with the measurement of
the threshold pulse;
b) "two-speed-test", 1,000m (MADER);
— 4th day before the beginning of
the altitude training (at sea level);
— 8th day during altitude training
(first training phase, St. Moritz);
— 18th day during altitude training
(second training phase, St. Moritz);
— 10th day after altitude training
(at sea level).

The threshold pulse rates at sea level
of the athletes who took part in the experiment were:

On the basis of the reported experiences with coronary patients (see 2.1:
exercise pulse during altitude training
< threshold pulse => aerobic energy
production), I guaranteed the aerobic
character of the endurance runs during
the acclimatization phase by starting
out from the known threshold pulse
rates at sea level.

K.J.: 173 (1/min);
V.R.: 165 (1/min).
In fixing the exercise pulse rates (=
parameters of load intensity) of these
athletes at altitude, I always tried to
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A view ofthe training facilities of Formia's Scuola Nazionale di Atletica Leggera, ITA
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stay well below the threshold pulse
rates ("safe distance"). So, the exercise
pulse rates at altitude were not higher
than 150 beats per minute.
Since the "PE3000" gave an aeoustie
signal when the real pulse rate did not
correspond with the fixed pulse rate,
the athletes could regulate the load
themselves.
The fifth day of the acclimatization
phase may serve as an example. On this
day, the athletes reached 86% of the
planned load of 147 to 153 pulse-beats
per minute with a deviation of ± 2%.
The laetate measurement, which
served as a erosscheck, showed that the

runners had laetate concentrations of
1.4 (K.J.), and 1.7 mmol/l (K.R.) after
the run. The run was therefore purely
aerobic in nature.
During the first five days, when the
training session were characterized by
a systematic increase in intensity (increase in exercise pulse from 130 to
150/min) as well as in volume (increase
in running duration from 30 to 60 minutes), the strongest acclimatization
effeet could be observed between the
second and the third day. An indicator
of this was the increase in running velocity during endurance runs of approximately equal length without a rise in
exercise pulse rate.
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help of the pulse-rate-measuring Instrument "PE3000"
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5. Conclusion/outlook
With all reservation as far as transferability (Lagerstr0m: coronary patients; MADER: rowers) and scientific
nature (number of experimental subjects) are concerned, the results of my
training experiment, presented here,
corroborate the following assumption:
in the acclimatization phase, which is
the most problematic phase of altitude
training, the avoidance of anaerobic
loads in endurance runs is probable if
the exercise pulse rate at altitude (approximately 1,800m) is below the
threshold pulse rate measured at sea
level. A further advantage of the load
dosage and regulation by means of the
exercise pulse rate is the independence
from the running course (there need be
no measuring of the course for split-
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