























Prevention of overuse
injuries in running

Albert Gollhofer

Synopsis

Large epidemiological surveys have indicated that in running the
vast majority of overuse injuries is related to the lower imb. In
literature most of the problems occurring with overuse injuries in
running are attributed to either intrinsic or extrinsic factors. In a
wtop-down-approach® a briet overview about the most potential
risk factors and their possible prophylactic counteracts is given. In
order to motivate the physiological implication of the entire system
in a ,bottom-up-approach® the interaction of man-shoe-surface
1s described.

Introduction

During the 1970’s and 80’s running and jogging has developed to
become one of the most popular sports disciplines in the world. In line
with this trend the number of injuries has increased. Despite the fact
that running 1s considered to be beneficial in lowering the main risk
factors of cardio-vascular disease (7), obesity and hypertension (3) the
number of orthopaedic problems associated with running gives rise to
the question whether or not this type of physical activity 1s still recom-
mendable or even harmful.

An understanding of the mechanisms through which the most
frequent injuries are caused 1s essential in the evaluation of preventive
provisions. Studying the aetiology of running injuries leads to adequate
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knowledge to reduce the major and most common risk factors.

However, with respect to the literature already the attempt to define

the basic terms - “overuse”, “prevention”, and even “running” and

“injury” -produces more questions than answers.

Prevention cannot be related to one single, monocausal aspect.
Prevention must consider the entire complex of the kinetic chain. The
history of individual predisposition has to be recognised and prevention
needs to be based on a physical examination of the athletes or partici-
pants (8). There 1s an ongoing extensive debate about the validation
criteria of such examinations. Static versus dynamic testing, treadmill
versus free running, inter- versus intraindividual comparison, all these
methodological aspects are debated in the literature with respect to
their apparent advantage.

Overuse 1s not a unique occurrence. Overuse appears largely dif-
ferent in highly trained athletes and in occasionally jogging overweights.
Overuse 1njuries may be characterised as a chronic dysfunction as the
result of a cumulative microtraumatic loading of the tissue; or they
may happen as an acute type, especially in high intensity running.

A further aspect in the existing discrepancy can be seen in the various
definitions of “injury”. Regarding the epidemiological reports in the
literature running injuries are summarised as those “serious enough
for training reduction” or for “training stop” or “work time loss” or
“even pain for more than 10 days”. Moreover there exits a high
mterrelation between the location, the severity of injury and the runners
experience (15).

The final problem 1s the definition of a “runner”. In the literature
running injuries are assigned to each type of problem occurring during
locomotion. A runner may be an orienteer, a marathon runner, a sprin-
ter or even an elite hurdle specialist, he may be experienced or not,
young or old.

The purpose of this contribution is to describe potential preventive
measures that are effective enough to reduce or avoid overuse injuries
in running. On the basis of the published material, two strategies can
be distinguished:

a) in a “top-down approach” the incidence of injuries 1s examined
statistically, reflecting the potential risk of the runner, the running
and the environmental situation (13).

b) n a “bottom-up model” the physiological implication of an individual
runner 1s reflected in the interaction of the man, the shoe and the
surface (0).
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Epidemiology —incidence of injuries

Large epidemiological surveys about running injuries have been pub-
lished in the last decade.

Analysing a total number of 15212 injuries Steinbriick (20) demon-
strated that the lower extremity is the most injured body area in sports.
More than two third of all injuries are injuries of the knee or ankle
joint (Figure 1).

A direct comparison of the incidence of injuries in running and in
ball sports from Segesser (19) reveals that in running, the tendineous
structures are much more affected than in ball sports. This high rate,
observed especially in the lower leg, 1s a result mainly due to Achilles
tendon problems. Based on a statistical survey from 1903 injuries from
running and from 1664 injuries from ballsports, the shank and knee
problems due to ligamentous and tendineous deficits or obvious.
Whereas m ball sport injuries the tendon injuries of the shank area are
rather rare this source of incidence 1s most frequent in running.

Sports Injuries

(n=15.212)

22.8% (upper Extremities)
1,5% (Head)

4 7% (Spine)

n = 15212 (Injuries)

Figure 1. Distributed frequency of sport injuries. Data from 20.
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Results from two Dutch studies suggested that the total risk in running
1s between 3.5 and 5.5 incidences per 1000h of running (4, 16). Thus,
on the basis of the Marti et al (15) study running injuries occur about 2-
2,5 times less frequent than do injuries in all others sports, and even
about 6 times less than ski injuries.

Approaches — Aetiology of injuries

It has been claimed (13) that the majority of overuse injuries are caused
by intrinsic (age, gender, body alignment, muscular system, etc.) and
extrinsic (footware, training, heat, cold, etc.) factors. The multifactorial
causation 1s analysed statistically based on the assumptions that intrinsic
(i.e. primary and secondary) dysfunctions and extrinsic (i.e. environ-
mental) factors are both important.

In a significant contribution van Mechelen (16) reviewed the current
literature to analyse whether the runner - the running or the environ-
ment have potential influence to explain overuse injuries. By means of
multiple analysis of variance, factor regression and other statistical
approaches, the assessment of the risk potential of those intrinsic factors
has been mvestigated. In order to discuss the relative importance as
potential source of injury a short summary is given in the following
chapters for the most important factors.

The runner

Depending on methodological peculiarities and on the statistical model
there are reports demonstrating an increasing and a decreasing effect
of age on the injury rate. If age i1s analysed in a multiple step-wise
regression, however, it turns out that age 1s a rather independent fac-
tor. Neither age alone nor age associated with experience or with
weekly running distance is associated with injury (16).

With respect to running Macintyre et al (14) showed that the most
frequent injury in running is related to the knee joint complex,
independent of the gender of the subjects.

Gender per se does not represent an important risk factor. It could
be hypothesised that body weight has an considerable impact on the
incidence rate. If body mass 1s normalised with body height the body
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mass index (BMI) should be high in those people, who are subjected
more frequently injury. The study, however, produced no statistical
effects of BMI and the incidence rate. It must be conceded, however,
that the number of runners with an BMI index greater than 30 1s pro-
bably rather rare!

Malalignments such as different limb length, knee anomalies (knock-
knees; bow-legs; patellar deformities) or foot anomalies (varus/valgus
etc.) seem 1n 40% of retrospectively analysed injuries to be one of the
injury causes (12). It must be pointed out that the hypothesis that
abnormalities are potential risk factors for injury is also reasonable.
The question 1s whether statistical or individual analysis will give the
appropriate solution.

Running experience seems to be one of the major factors. It 1s sug-
gested that long term adaptation of the tissue and of the biomechanics
of running leads to a significant reduction of injury rates although bias
to the selective problems of the healthier runner must be considered.

The classification of “previous injuries” is not unique in literature.
“Old njury” or “repaired tissue failed” 1s also summarised as well as
msufficient rehabilitation. However, 1t seems that previous injuries are
a major factor for running injuries. Therefore prevention must start
with management to avoid recurrence of that specific problem.

The running

Running distance or mileage expressed either per week, month or
year has only a positive influence on incidence rate if taken absolutely.
The relative risk (risk per exposure time), however, is decreased (6,
11). Several authors comment that the frequency of running has a strong
influence on injury rate. Although running distance and frequency is
strongly interrelated, the study of Marti et al (15) indicated, that in
subjects running the same distance either in two, three or four sessions
per week, frequency has no significant effect on the probability getting
injured.

A classical parameter characterising overuse represents the training
error (1) and change of training habits. Powell et al (18) stated that a
sudden change in running or training habits increases the incidence
rate of injury because of a lack of capacity of the tissue to adapt. Training
errors (running too fast, too long or too often) are strong indicators for
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increased injury probability. Lysholm/Wiklander (12) found that
training errors are associated with 609 of all running injuries! For
effective prevention the key-question remains to be solved idividually:
How much 1s too much?

Environmental systems

There is an ongoing debate about the principal capability of sport or
running shoes to mfluence injury rate. Extensive industrial and scientific
projects have been conducted in order to develop the appropriate shoe:
shock absorption in the rear part for the heel strikers as well as in the
front for the mid or fore foot strikers have been promoted.

On the basis of biomechanical calculations, a single leg 1s subjected
to 60 t per km assuming a strike length of 1,5 m, a contact rate of 670
times per km a body weight 70kg and an average impact loading of
2.5 times body weight. It 1s evident that a running shoe plays a significant
role in shock absorption providing cushioning, support and stability.
The construction of a running shoe with these qualities 1s seen as a
major contribution in injury prevention.

Malalignments of the human locomotor system is thought to be
correctable by orthodic devices. By means of tape or in-shoe devices it
has been demonstrated that the mjury rate can be reduced by a factor
of two. This effect, however, i1s most probably biased by the actuality
that those runners who a prone to possible injuries tend to apply for
orthodics.

In general, cushioning, support and stability are necessary qualities
of the shoe material. Injury reduction can be effectively achieved with
additional equipment known as orthodic devices. It must, however,
be kept in mind, that even the best quality shoe will loose 30-50% of its
prevention properties after few hundred kilometres of running (2).

It must be pointed out that this conclusion 1s the outcome of statistical
calculations, expressing the probability of a group or subgroup getting
mjured. The fact that some of these factors are unclear or even irrele-
vant for injuries does not mean that they are not unimportant. Epide-
miological research is necessary to get an over-all information about
that 1ssue. Statistical analysis has some implications for the majority of
a group or subgroup of runners.
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Man-Shoe-Surface — Interaction

In a “bottom up” strategy some research is focused on the complex
entity of the man-the shoe and the surface, in order to investigate the
individual responses.

One of the most powerful tools in overuse prevention is a careful
and comprehensive screening and testing of the athletes themselves.
Whereas in top athletes individual gait analysis and physiological
examination should not be a great problem, the situation in lower le-
vel runners 1s controversial. Most of the ligamentous and tendineous
problems could be avoided if the runner is inspected carefully before
mitiation of training. There is, however, not enough data available that
gives a clearly indication of what 1s dangerous or harmful and what 1s
within the physiological limits. There are only few anatomical and
biomechanical factors that can be extracted to explain increased injury
risks mainly because of the individual variability and because of the
flexible adaptability of the locomotor system.

Excessive pronation (hyperpronation) is one of the most frequent
problems that is associated with a series of different potentials to cause
overuse injuries: Tendinitis at the Achilles tendon, fasciitis on the
plantaris as well as lateralisation of the patellar alignment (runners knee)
and even shin splints are possible consequences (13).

Therefore, a careful inspection of possible pronation (b-angle) tested
either in static or in dynamic situation or is a necessity for everybody
prior to training.

In the field of locomotion one assumption i1s made that there exists
an interaction between all components which interfere in generation
and control of locomotion (9, 10). Therefore the dependency and interac-
tion of man, shoe and surface i1s assumed to play an important role
which cannot be neglected in a comprehensive study of locomotion.

Man as a biological system utilises all the possibilities for action and
reaction to environmental influences. The human neuromuscular sy-
stem 1s, however, adaptive with a range of flexibility and variability to
achieve appropriate movement pattern. In this respect it should be
assumed that not only the intraindividual behaviour 1s flexible when
the conditions are changed, but also the differences in intraindividual
comparison should be taken into consideration. A well trained athlete
mn running, for example, would respond to changes in running condit-
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ions n a different manner than a subject with less skill and lower training
status.

The neuromuscular system is not only responsible for the regulation
of the exertion of forces to produce posture and /or locomotion; additio-
nally 1t 1s a control system via several sensory mechanisms which are
capable to react through feedback to small disturbances in running
cycles or running conditions. Facilitation or reduction of these feed-
back mechanisms makes it possible for the human locomotor system
to meet a great variety of movement conditions by supplying the muscu-
lature with adequate contractile and stiffness properties.

The function of the shoes which represent the second component in
the chain of interaction, can be explained in two ways. On one hand
the shoes transfer the action forces to the ground and on the other
hand they mediate the reaction forces from the ground back to the
body. Therefore the shoe construction must be oriented on both the
physical and physiological requirements of running.

The physical properties of running shoes can also be described in
two other ways. First, the shoes should have cushioning properties
which suppress high impact forces especially in the early impact phase
to protect the skeleton and tendon from extreme loading. Secondly,
the characteristics of the shoe should provide support in the various
strides under a large number of different running situations. Support
combines both the reduction of unphysiological supination and pro-
nation in the stride phases (17), as well as the task to act during the
stance phase to overcome the individual load and to help actively in
the running cycles. The latter argument, however, can be interpreted
in terms of running economy, running performance or even perfor-
mance potentiation.

The qualities and elasticity characteristics or the running surface
may play an important role and may influence to a great deal not only
the running technique and running comfort but also the physiological
demands to the runner. The variability may range from very hard
surfaces, such as asphalt conditions which represent the surface con-
dition 1n marathon running, to a very soft ground which 1s mostly
found 1n jogging tracks, consisting of pure soil and sawdust.

Examination of the qualities of running must therefore take into con-
sideration the entire system “man-shoe-surface”. All of these three
components have their own physical resonance characteristics, but
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when acting together the “man” must respond physiologically to make
the best out of the combination.

All these components which contribute the man-shoe-surface
interaction, have their own qualities and quantitative contributions in
running. Only a positive iterference of all three components will lead
to an effective and efficient running pattern.

In the example demonstrated in Figure 2, the comparison of the
force and EMG pattern of the same subject running is presented with
different shoes. Shoe qualities have a considerable impact on physiolo-
gical demands: In figure 2, it 1s shown that with seven different shoes,
ranging from very soft to very hard, a considerable alteration in the
EMG profile of the lower leg muscle is concommitant. This segmen-
tation of the EMG pattern during the breaking phase 1s clear and consi-
stent with respect to timing. The individual amplitudes, however, are
considerably changed in different conditions.

GAS

104
103

102

i
)

101

R

Shoe Number

Subj. TOU

Figure 2. Vertical ground reaction torces and EMG-pattern of m. Gastrocnemius
(GAS) of one subject running (5m e s') with 7 shoes. From top: the stifiness of the
sole construction is decreased. In line with the stiffness characteristics of the shoes the
mnitial peak of the force record emerges. Comparison of the EMG-pattern reveal large
alterations in amplitude right after ground contact (vertical line).
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Figure 3. Ground reaction torces and EMG-pattern of leg muscles represented as the
grand mean curves (mean (thick line) and standard deviation curve (thin line) of
one subject running with constant velocity of 5 m ¢ s' with 22 shoes with different
stiffness properties. Note that there is a considerable variance in the EM G-patterns
whereas in the force records only small variations exist.

In a comprehensive comparison (Figure 3), the differences of 22 shoes
were evaluated in one subject running with 5 mes! over a long plat-
form (5). The figures were composed using a statistical method for the
grand mean calculation. The individual averages were matched with
respect to the onset of ground contact. The dark line represented the
mean curve, the thin line the +1 standard deviation of all tested perfor-
mances. The vertical force component shows variability primarily
during the early impact. The variation in the force record can only be
expressed in terms of amplitudes and not of time. The activation patterns
show little variation in timing of the onset of preactivation, and in the
rate of rise of activation. The total amount of electrical input to the
muscle however, varied substantially with 30% of the mean value.
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Conclusion

Injury-free running cannot be guaranteed. However, the risk of ove-
ruse injury can effectively be minimised. In the general view, a huge
amount of research 1s necessary to elucidate the real potential risk
factors. Only controlled studies analysing the distinct roles of these
factors will give the necessary help. Before all this effort, a clear and
well agreed definition of the basic terms -prevention, overuse, running
and Injury - is necessary.
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In accordance with this, a detailed individual analysis of the entire
complex - the man, the shoe and the surface - 1s an evident prerequisite
to assess the biomechanical and physiological adaptability.

Methodologically, a reference frame with clear defined standards is
missing to judge positive, non relevant or even harmful influences on
an individual basis.

A competent screening of the athlete, adequate training parameters,
especially with respect to duration and intensity of the running exercises,
are certainly the most powerful preventive measures in reducing ove-
ruse Injury in running.

In general, it can be recognised that the muscle specific pattern 1s
reproducible in its shape throughout all conditions. This reflects, that
the individual pattern 1s quite stable and that the magnitude 1s drastically
changed 1n different running conditions with different compliance
characteristic.
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Training principles
in distance running

Henrik Larsen

Synopsis

This chapter reviews the significance of intensity, frequency,
duration and volume of training on performance and physiological
adaptations to endurance training with special emphasis on
distance running. The role of each of these factors is described
primarily on the basis of knowledge derived from scientific training
studies performed on initially untrained subjects but also from
training studies exploring well-trained subjects including elite
athletes. Furthermore, based on some case studies linkage 1s made
between knowledge derived from studies of training performed by
elite runners and knowledge derived from science.

Introduction

Opver the last several decades many attempts have been made to elucidate
the exact nature of the endurance-training stimulus and the most efficient
procedure by which it may be elicited. The question as to what 1s the
optimal stimulus for adaptation to endurance training including long-
distance running and with that improved performance has constantly
challenged researchers. Intensive research has led to a better understan-
ding of the different factors of importance for optimal improvement
although many questions still remains unsolved.

Crucial factors determining success in middle- and long distance running
events include the functional capacity of the cardiovascular system, the
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capacity for aerobic and anaerobic energy turnover, muscular strength,
running economy, skeletal muscle fibre composition, mitochondrial
oxidative capacity, motivation and tactics. Outstanding performance in long
distance running primarily requires an optimal combination of high maxi-
mal aerobic power, good running economy and a high fractional utilisation
of VO, max during competition. The significance of these factors have
been expressed in the following equation by di Prampero and collaborators

9):
FeVO ,max
C

vEND =

where vEND 1s the maximal speed sustainable during endurance running,
F the maximal fraction of VO,-max that can be maintained throughout the
duration of the effort in question, and C the energy spent per unit di-
stance. Capelli & di Prampero (see page 67) and Svedenhag (see page 85)
carefully describes the significance of C (running economy). Therefore, an
essential focus in the present chapter is on crucial physiological variables
required for reaching and maintaining a high maximal energy turnover,
and to describe how these variables adapt to training.

Many physiological variables have been 1dentified as important for trans-
port of oxygen from the atmosphere to the working muscles and thus for
energy production.

The lung diffusion capacity 1s not considered to be a primary limiting
factor for VO, max except in well-trained elite athletes (8).

Cardiac output 1s determined by heart rate multiplied by stroke volume.
Heart volume 1s essential for stroke volume and thus minute volume,
which in turn has been shown to be a major determinant of VO,-max. A
lowered heart rate at a constant work rate caused by endurance training is
a classical finding within the scientific physiological literature.

Blood volume and particularly the total volume of haemoglobin has
been shown to be of major importance for VO,-max (e.g. 11). Additional-
ly, VO,max depends on the arteriovenous oxygen difference.

Capillarisation 1s one of the factors determining the oxidative profile
of the musculature. The capillary density has been shown to correlate
positively with the running velocity at which blood lactate begins to
accumulate (49), which in turn has been found to correlate with running
velocity during competitions of various distances (e.g. 14).

The activity of oxidative enzymes in the muscles has been shown to be
essential for the respiratory capacity of the muscle tissue (23). This has in
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turn been shown to be significantly related to the level of blood lactate at
given work rates (27). This implies, that running speed at a given blood
lactate level as well as oxygen uptake per minute per kg of body weight at
a given blood lactate level 1s highly related to performance in running.

Adaptations to training of the enumerated physiological variables have
been mvestigated in numerous scientific vestigations. Most of these varia-
bles have been shown to be dependent upon the training stimulus and the
training principles.

In the present chapter the role of some of the most important factors
for reaching an optimal physiological training stimulus will be presented
with the main focus on distance running. However when suitable re-
search derived from other endurance sports and general endurance
exercise will be included. Additionally some case studies will be
presented. Important factors to be highlighted are training intensity,
frequency, duration and volume.

Training intensity

The significance of training intensity has been studied extensively but
although an optimal intensity has not yet been identified it is almost
generally accepted that the intensity 1s of great importance for the
training response. Numerous studies performed at training intensities
between 36 and 170% of VO,-max have shown a positive training response.

Training threshold

Several studies have noted the existence of a training threshold, in terms
of intensity, below which no training response is seen. This minimal st-
mulus necessary to evoke traiming adaptations has been reported to be at
about 509% of VO, max (6), 75% of maximal heart rate (2), slightly above
the 609% training level (max. heart rate-resting heart rate) (28) or a heart rate
of 140-150 beats * min! (13, 53). Indeed one study performed at intensities
from 35 to 55% of VO,-max in subjects previously training 3 x 45 min ¢
week! showed no additional training effect at all, even if the subjects
exercised 5.5 hours ¢ day'!, 6 days ¢ week! for 8 weeks (45). However, in
a study by Nordesjo (39) adaptation to training was observed after exercise
at 36% of VO, max while other investigations have shown adaptations after
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training at 45% of VO,-max (19, 24). In addition, it has been suggested that
adaptation to training can occur at exercise intensity producing a heart rate
of 110-120 beats ® min" in sedentary population with low levels of habitual
activity (48). The difficulty of identifying the lower limit of adaptation to
training may be due to the fact that many studies have shown that the
training response is dependent upon the initial physical condition of the
mdividual (e.g. 44, 57).

Significance of exercise above the training threshold

Several studies on previously untrained subjects have shown that a higher
training response measured either by work capacity (39), work capacity and
VO, max (57), VO,max (48), VO,-max and oxygen consumption at fixed
blood lactate concentrations (56), VO, at lactate threshold (24) or
arteriovenous oxygen difference (32) 1s achieved 1n subjects training at the
highest intensities. Other investigations have shown identical training
response In subjects training at different intensities above the training
threshold (2, 19, 21, 47, 53). However the lack of difference in training
response in some of these studies may be due to the fact that some of
them were performed with a limited training period (10 days to 6 weeks).
One study demonstrated that the length of the study period 1s critical for
significant adaptations to occur (41). In this investigation no differences in
cardiorespiratory response to training were observed between groups jog-
ging either 2 or 4 days ® week™ after 10 weeks. However significant differences
in several variables were seen after completing 20 weeks of training. A few
studies comparing groups training at different intensities and quantities
have demonstrated that the same improvement in either performance and
activities of hexokinase, phosphorylase, phosphofructokinase, succinate
dehydrogenase, and 3-hydroxyacyl CoA dehydrogenase enzymes (26),
VO, max (43) or submaximal heart rate/VQ,-max (17) can be achieved
when training at higher intensities but smaller quantities. Equal improve-
ments in VO,-max were also seen in a study comparing training 5 hours ¢
week! at 709% of VO, max with very short (20 s) high-intensity intermittent
training sessions performed at 170% of VO,-max (55). In addition, this
latter study showed a significant increase in anaerobic capacity in the high
mtensity-training group. Furthermore a detraining study examining the
effect of a reduction in training intensity, while maintaining training
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frequency and duration, showed losses in VO,max, left ventricular mass
and endurance performance within 5 to 15 weeks (25).

Effect of adding short intensive training to moderate
training

Six studies on well-trained athletes have demonstrated increased training
responses when short intensive training sessions either were added or
partly/fully replaced the normal training at moderate intensity. Thus,
adding one intensive 20 min treadmill run ¢ week! to the normal 5.7
hours of running ¢ week™! at low intensity resulted in an increase in
running speed eliciting a blood lactate concentration of 4 mmol ¢ 1!
(50). In addition high mtensity (90-95% of VO2-maX) interval training (3 d
¢ week!) improved both 10-km race performance and exercise time to
fatigue at supramaximal running speed and decreased plasma lactate con-
centration at 85 and 90% of VO,-max in competitive runners (1). In another
study replacing 82 km ¢ week™! of running at moderate intensity with high
intensity running and cycling 6 d * week! (40 min running, HR of ~ 190
beats * min!, 3 days ® week! and 5 x 5 min on cycle ergometer, HR of
~180, 3 days * week') improved the 10-km run time despite of a marked
decrease in training volume (35). Furthermore replacing 15% of the nor-
mal 300 km ¢ week! of endurance cycle training with high-intensity inter-
val training in three different studies increased the peak power output and
the 40-km time-trial performance (30, 58, 59). Moreover, In two of these
mvestigations an enhancement of the “anaerobic performance” (time to
fatigue at 150% of peak power output) was observed (30, 59) along with an
increase in skeletal muscle buflering capacity in one of these studies (59).
Additionally, the study by Westgart-Taylor and collaborators (58)
demonstrated decreases in carbohydrate oxidation, plasma lactate concent-
ration and ventilation when the cyclists rode at the same absolute work
rates of 60, 70 and 80% of mitial peak power output after completion of
the high intensity training period.
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Response to increased training intensity
of entire training performed

Two studies have examined the physiological response to an increase in
training intensity of all the traming performed. One study in which normal
training of 2.2 h * week'! with a mean training intensity of 65% of maximum
heart rate (HR ) was increased to 2.7 h ¢ week" and an average intensity
of 78% of HR _ revealed significant increases in VO ,-max and exercise
time to exhaustion at 869% of pre-training VO, max (31). It 1s true that at
least some of the improvement may be due to the fact that the training
volume was increased, but since even a large training volume increase has
shown relatively minor improvement of performance time (4) the increase
in performance time (74%) in the present study cannot be explained by an
elevation of training volume alone. This view is supported by cross-sectional
studies investigating performance and training volume (e.g. 16, 33). Another
study comparing two groups of elite junior cross-country skiers who trained
at either moderate intensity (60-70% of VO,-max) or high intensity (80-
90% of VO,-max), 12-15 hours e week! for 5 months, showed a more
profound training response (performance m a 20-min run test) in the high,
than in the moderate intensity training group (12). Additionally, the activity
of the mitochondrial enzyme succinate dehydrogenase (SDH) rose by 6%
and the phospholructokinase (PFK) activity fell by 109% in the high intensity-
training group, while no changes were observed in the group training at
moderate itensity. Furthermore, positive correlations between the activity
of CS, SDH and GPHD enzymes and performance were found.

In a study of elite runners in and off-season, a small but significant
enhancement in VO,-max was observed in season compared to off-season.
This change seemed to be due to the higher training intensity performed
during the preparation period prior to the competitive season (54). More-
over a minor but significant improvement in running economy was found
i this study during one year of continuous training.

Athletes studied during three successive
summer training periods
In a study by Rusko (42), performed on young cross-country skiers during

a three-year period, two different groups of skiers were compared. One
group trained at a relatively low total training volume, but with a relatively
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high volume and frequency of interval type training performed at high
intensity, while another group trained at a relatively large total training
volume but with a relatively small volume of mtensive training. The study
revealed that training at high intensity/low total volume resulted in a
significant increase in VO,-max, while no change was seen after training at
low intensity, despite the fact that a significantly greater total training volume
was performed.

Cross-sectional studies

Two cross-sectional studies performed on marathon runners examining
the relationship between marathon performance and various training
components revealed a significant correlation between average training
pace (intensity) and performance (22, 38). In line with this, Foster (16)
mvestigated the relationship between performance in 1.0; 2.0; 3.0; 6.0;
10.0 and 26.2 mile races and tramning intensity in another cross-sectional
study and found significant correlations between training speed and
performance in the different distances. The correlations were not strong,
and the strength of the correlations tended to decrease as the competition
distance decreased. However these large-scale correlate studies do sup-
port the importance of training intensity.

Training at the individual anaerobic threshold

It has been hypothesised that training at the individual lactate threshold
often named anaerobic threshold 1s beneficial for the training response
(e.g. 50). This threshold has been defined either as the intensity eliciting
a given concentration of lactate in the venous blood (e.g. 4 mmol ¢ I') or
the intensity where a non-linear increase in lactate concentration 1is
observed. However, an investigation comparing groups training either
30 min at the individual anaerobic threshold (IAT) or four times 7.5
min at intensities which alternated between being below (IAT - 30 % of
the difference between VO, max and IAT) and above the IAT (IAT + 30
% of the difference between VO,-max and IAT) demonstrated no
differences m physiological adaptations between groups (29). In addition
to the finding that training at IAT does not seem to be crucial, the study
indicates that the physiological adaptations are independent of whether
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the exercise 1s performed intermittently or continuously. It is true that
exercising at IAT (4 mmol ¢ 1) is effective (50). However, this is not
surprising since a relatively high training intensity is crucial for the training
response. Based on the investigations described above (12, 31, 56) training
at IAT - 30 % of the difference between VO,-max and IAT is hardly an
effective training intensity because the stimulus probably 1s too low. Since
identical adaptations were observed in the two training groups exercising
either at or above/below IAT, it can be argued that training at IAT + 30 %
of the difference between — O,-max and IAT is advantageous compared
to training at IAT. It 1s obvious to conclude that there i1s no scientific
evidence that exercise at IAT 1s the optimal training intensity. Furthermore,
the scientific literature on this topic has revealed that it is difficult to identify
IAT and to perform training exactly at IAT (50). In addition the term
“anaerobic threshold” 1s misleading because lactate 1s normally produced
under fully aerobic conditions in the muscle. Moreover, training at IAT
cannot be recommended because it causes a lot of practical implications.

Training frequency

Frequency of endurance training defined as the number of training bouts
during a given time has been shown to be important determinants for
improving various physiological functions and performance.

Four different kind of study design has been used in order to investi-
gate training frequency.

1. Investigations examining the effect of increased number of training
sessions ¢ week! with a fixed duration of each single bout, thereby
reflecting increased training volume.

2. Cross-sectional studies.

3. Studies exploring training frequency with a fixed training volume.

4. Investigations examining the timing of the training sessions during
the training week.

Studies examining training frequency
and increased training volume

The vast majority of studies have focused on the role of the weekly number
of training bouts performed with a fixed duration of each bout and the
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existence of a direct relationship between frequency of training and the
adaptation of different physiological variables and performance is almost
generally accepted. Some of these studies have shown that the improvement
of VO,-max increases in proportion to frequency of training (6, 20, 40, 41,
48). Likewise, improvement of work capacity/performance has been shown
to occur in proportion to training frequency (20, 39). Additionally, some
studies have shown reduction in body weight and percent body fat (40),
total body and fat weight (41) and reduction in percent body fat (20) in
groups training 4-5 times ® week'! compared to groups training 2 times ©
week!. Moreover, training 4 times ® week! compared to 2 times ® week!
has shown superior improvements in VO,-max and submaximal HR during
a standard treadmill run, as well as a more rapid decrease in HR during
recovery and a lower resting HR (20, 41). Although significantly higher
physiological adaptations were registered in the group training with the
highest frequency in the study by Pollock and colleagues (40) no diffe-
rence were observed between groups in a 2-mile run.

In one study comparing the training response in groups performing
mterval run training either 2 or 4 times per week for 7 and 13 weeks,
respectively, no differences in elevation of VO,max were observed (18).
However the lack of difference in response between groups may be due to
the fact that the VO ,-max-tests were performed on bicycle ergometer, which
do not fully reflect changes in running VO,-max. Even though the
enhancement of VO,-max was identical between groups, different
adaptations in submaximal heart rates measured during work loads
demanding 80-85% of VO,-max was registered.

Thus the decrease in heart rate was significantly greater in the 4
days * week! groups than in the 2 days * week! groups for both the 7-
and 13-week training programs. In addition, the decrease m submaximal
heart rate was significantly greater in the group training twice per week
for 13 weeks compared to the group training twice per week for 7
weeks. However, no differences were observed between groups training
4 days ¢ week! for 7 or 13 weeks.

Cross-sectional studies
The notion that training frequency is important for the training response

1s supported by a cross-sectional study performed by Hagan and
colleagues (22) on marathon runners. In this investigation the total
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number of training sessions in the preparation period (9 weeks) prior to a
marathon race showed to be very important for the performance time.
Thus, a highly significant correlation of -0.62 between training frequency
and marathon time was found. This 1s in agreement with the findings by
Marti and collaborators (33), who showed a significant association between
16-km running time and weekly training frequency.

Studies examining frequency with a fixed training volume

One very relevant question that arises concerning the above mentioned
investigations, 1s the degree to which the observed physiological
adaptations 1s the result of an increased number of training bouts per
se, or rather that training frequency results in a proportional increase
in training volume.

A few studies have evaluated the effect of training with different
training frequencies but kept the weekly training volume at a fixed
level (7, 37). This design implies that the duration of the single training
bout varies m direct proportion to the weekly number of training bouts.
Thus, these studies evaluate the effect of the number of training sessions
and the role of the duration of each single training session at the same
time. In one study using this design one group jogged 30 min ¢ day!at
65-75% of peak heart rate while another group completed three 10-
min jogging bouts daily at the same training intensity separated by at
least 4 hours (7). The training caused a significant increase in maximal
oxygen uptake in both training groups but the increase was significantly
greater in the group training continuous 30 min ¢ day'. However, the
Increase n exercise test duration as well as the decrease in heart rate at
submaximal exercise was similar in both groups. In another study
using the same kind of design two groups of women completed either
three 10-min training bouts or one 30-min bout per day, 5 days ¢ week!
for 10 weeks (37). The training consisted of brisk walking at 70 to 80%
of maximal heart rate. The training resulted in significant increases in
VO,-max and VO, at blood lactate concentration of 2 mmol ¢ I' in both
training groups but no differences were observed between groups. The
view that the response to training is independent of training frequency and
thus duration if the training volume 1s fixed gets support by a study from
Marti and collaborators (33).
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These researchers compared 414 runners all taking part in a 16 km
competition who had the same training background in terms of training
volume (20-25 km ¢ week™), but who had achieved this volume by
performing either 2, 3 or 4 training sessions ® week™. Despite the conside-
rable difference in training frequency and duration of the single training
bout no significant differences in performance were observed.

Placement of training bouts during the week

One study using a different design was undertaken in order to investigate
the effect of “placement” of training sessions during the week (36). In this
study one group of subjects performed high intensity type running (five 3-
min exercise bouts) on Monday, Tuesday, and Wednesday for 10 weeks.
Another group of subjects performed a similar training protocol with the
exception that training sessions were conducted on Monday, Wednesday,
and Friday. Both groups improved VO ,max significantly following the
ten weeks of training. In addition the heart rate at a given submaximal
workload was lowered significantly in both groups. However no significant
physiological differences were found between the groups. Even if all tests
were performed on a bicycle ergometer the results indicate that a specific
placement of tri-weekly training sessions of running is not critical with
respect to enhancement of aerobic capacity.

Training duration

Numerous studies have shown that duration of the single traming session
1s an important stimulus for eliciting a training response. Increased training
duration has resulted in significant improvement in VO,-max (6, 48), work
capacity (39), cardiovascular capacity/work capacity (60) and VO,-max/
performance (34). However, training duration does not in itself seem to
stimulate the training response. As mentioned earlier, the study perfor-
med at intensities from 35 to 55% of VO, max on moderately trained
subjects showed no training effect at all, even if the subjects exercised 5.5
hours perday, 6 days per week for 8 weeks (45).
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Cross-sectional studies

The studies mentioned earlier (22, 38) performed on marathon runners
during the preparation period prior to a marathon race supports the
view that distance/duration of the single training bout is important for the
training response. Thus, Hagan and collaborators (22) found a significant
correlation between marathon performance time and average km ¢ workout
!, In addition, Murray and colleagues (38) showed a significant correlation
between the number of training runs longer than 15 miles and performance
i marathon.

As described 1n regards to training frequency the same kind of question
arises concerning some of the above-enumerated investigations. To what
extend are the observed physiological adaptations due to the increased
training duration per se or by the fact that training volume increases in
direct proportion to training duration? The three studies mentioned earlier
(7, 38, 37) comparing different groups training with identical weekly training
volume but with different training frequency/duration show that training
duration is not of any major importance for the training response. However,
one of these studies indicates that duration may be important for the increase
in VO, max (7).

Two studies having compared training programs keeping the total work
amount at a constant level have shown that a higher VO,-max and increased
work capacity can be achieved if the training 1s performed at high intensity
and short duration of the single training session (57) or that identical
improvements in VO,-max can be achieved using a shorter duration of the
single training bout performed with higher training intensity (47).

Training volume

Surveys through the scientific literature reveal that training volume is
essential for the training response and the adaptations of numerous
physiological variables. This is well in line with the view taken by coaches
and runners, and often carried to extremes. The view that training volume
1s of major significance at least up to a certain upper limit, 1s true. Whether
there exists an upper ceiling for adaptation to training, is not known, but
likely depends on the adaptive potential of the individual athlete.

The majority of physiological mvestigations examining training volume
are made on marathon running and without exception these studies have
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shown training volume to be of major importance for success at this di-
stance. In addition, the training volume i the last two months preceding
the event appears to be an essential part of the preparation for the race (10,
15, 16, 22, 38, 49, 51, 52). Furthermore, not only the training volume
during the last two months prior to the competition, but the volume of
the total distance covered during the last year before the marathon, has
been shown to be of equally great importance (10). However almost all
mvestigations concerning marathon performance have been based on cross-
sectional samples, and may presumably be confounded by the tendency
for runners having the right genetic “make up” to train harder and perform
higher training volume than less talented runners. In addition high
correlations are to be expected in studies of runners with very wide ranges
of performance capacities. Therefore, the significance of the observed
relationship between training volume and performance 1is difficult to
evaluate. However, in one study examining the effect of an increase in
training volume from 76 to 91 km ¢ week! (209%), experienced runners
improved marathon performance time significantly from 3 h 20.7 min to 3
h 10.8 min (%) (15).

The mvestigation mentioned above by Foster (16) demonstrated not
only a significant relationship between marathon performance and
training volume, but also significant correlations between training
volume and performance in 1, 2, 3, 6 and 10 miles races were revealed.

In agreement with this, Marti and colleagues (33) demonstrated that the
weekly training distance calculated during the last year prior to the
competition was significantly associated to performance in a 16 km-
run. Moreover, this investigation showed that the regression line
reflecting the mean relation between habitual mileage and running time
is not linear but levels off in the range of 80 to 100 km ¢ week!. This
observation 1s in line with observations by Costill (3) in an investigation
of two runners, who following a six-month layoff gradually increased
their weekly mileage. ~ O,max increased when the mileage increased to
50 and also 75 miles ¢ week!. Beyond that level no additional gains in
VO,max were seen, even if the subjects continued training and reached
225 miles ¢ week! on the average during a one-month period.

In addition to the above-enumerated investigations studying relation-
ship between training volume and marathon performance in large
groups of runners with a wide range of performance capacities, Sjodin
& Svedenhag (51) examined the same relationship within 3 different
categories of runners. The subgroups consisted of elite runners with
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personal record (PR) below 2 hour 30 minutes, good runners with PR
between 2 hours 30 minutes and 3 hours and slow runners with PR
above 3 hours. The average weekly number of kilometres of these runners
were 57, 115 and 145 km ¢ week™, respectively, and significant correlation’s
between training volume and performance were found within each of these
subgroups. In addition, significant differences in VQO,-max were observed
between all three subgroups. The percentage of VO,-max utilised during
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the marathon was also found to be significantly lower in the group
performing the lowest weekly training volume compared to the two other
training groups. No difference in % of VO,-max was observed between the
two groups running 115 and 145 km ¢ week?, respectively. Therefore the
authors speculate, whether there may be an upper limit of training di-
stance, above which there 1s no further increase in the percentage of
VO, -max sustained during a marathon race. However, the authors suggest
that a huge training volume may shorten the recovery period after races
and may preserve good form for subsequent performances.

Another reason for performing high training volume may be that the
higher training volume improves running economy which has been
suggested by Scrimgeour and colleagues (46) in a cross-sectional study,
and which 1s in line with Daniels (5) and colleagues who have suggested
that a certain threshold of training may be needed for inducing a
significant change in running economy. In the study by Scrimgeour
and colleagues (46) three groups ol runners, competing in various ra-
cing distances from 10 to 90 km and training either less than 60 km e
week!, 60-100 km ¢ week! or more than 100 km ¢ week! were
compared. The results showed that runners training more than 100
km ¢ week! had significantly faster running times at all distances (ave-
rage 19,2%) than those with less than 100 km ¢ week'. Additionally,
the study revealed that neither VQ,-max nor %V(Q,-max sustained during
competition was different between groups. On the other hand, the findings
showed that the faster speed of the more trained runners was due to superior
running economy (20%). Therefore, the group differences could be
explained on the basis of differences m running economy alone, which
suggests that the main effect of training more than 100 km ¢ week! may be
an improvement of running economy, or alternatively that runners training
more than 100 km ¢ week! may have superior running economy due to
genetic reasons.

Case studies

There seems to be a close relationship between knowledge derived from
scientific mvestigations and knowledge based on selected case studies of
training performed by elite runners. In order to demonstrate this specific
relationship three case studies will be presented. Elite runners who have
all used different training methods and changed their training strategy
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radically during their career are selected. Studies of these runners reveal a
unique possibility to compare the impact of the different training princip-
les. Characteristic years representing different training principles are
highlighted. The described data are primarily derived from studies of
training logbooks but also from personal communication.

Flemming Jensen (FJ) Danish record holder in 3000 m
steeplechase

1978-1980

The training performed by FJ was sparse and not well organised. He
trained for and competed in various distances on track during the sum-
mer and practised orienteering during the winter. During 1980 the
training volume exceeded 100 km ¢ week™!.

1981
During the preparation period (17 weeks) the average weekly training
performed encompassed the following:
Training: Volume: 160 km © week!
Intensity of 150 km ¢ week”: 4 min ¢ km'!
Interval: 10 km ¢ week, (e.g. 10 x 400 m, 1 min rest between
repetitions)
One weekly training session longer than 20 km

Based on this training, FJ achieved the following results:
3000 m steeplechase: 8 min 56 s
10000 m: 29 min 55 s
15 km: 46 min 35 s

1983
FJ changed his training radically. The total training volume was decreased,
while the average intensity was increased considerably. Moreover, the
volume of intervals was increased and longer intervals were introduced
because of the probable positive effect on  OQ,-max of these intervals.
There was a complete lack of this kind of interval training in 1981.
During the preparation period (17 weeks) the average weekly training
performed encompassed the following:
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Training: Volume: 100 km ¢ week
Intensity of 85 km * week”: 3 min 35 s * km'!
Interval training: 15 km * week’, (e.g. 6 x 1000 m or 3 x 1000
m, 3 x 600 m, 3 x 400 m, with 3 min rest between all
repetitions)
No training sessions longer than 15 km

On the basis of this traimning, the following results were achieved:
3000 m steeplechase: 8 min 31 s
5000 m: 14 min 19 s
10000 m: 29 min 45 s
15 km: 47 min 25 s

It appears that the steeplechase time 1improved significantly, while the 15-
km time decreased slightly.

1987
The total training volume was enhanced slightly, but was still below
the magnitude achieved in 1981. The average intensity was also further
mcreased while the interval training was unchanged, compared to what
was performed in 1983.
Training: Volume: 120 km * week!
Intensity of the entire training performed: 3 min 17 s © km!
Interval training: 15 km ¢ week’, (e.g. 3 x 1000 m, 3 x 600 m
and 3 x 400 m, 3 min rest or 6 x 1000 m, 3 min rest between
repetitions)
No sessions longer than 15 km

After performing this training, FJ achieved the following results:
3000 m steeplechase: 8 min 23 s
5000 m: 13 min 36 s
10-km road race: 28 min 46 s
15 km: 44 min 45 s

The above enumerated data supports the view that training intensity 1s of
great importance, not only when it comes to intensity and volume of inter-
val training, but also - the intensity of the distance training performed
between the interval-days seems to be crucial, at least as long as the total
training volume is relatively small. It is true that the training volume per-
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formed by FJ was sparse prior to 1981 and that it probably takes years of
hard training to approach the upper limit of adaptation to training. Therefore
it can be argued that FJ probably would have improved performance after
1981 even without the described change in training principles. However,
mmproved performance results achieved by FJ due to an increased training
intensity 1s very much in agreement with findings from several scientific
studies (e.g. 1, 12, 56).

Henrik Jergensen (H)) — Scandinavian record holder in
marathon and winner of the London Marathon (1988)

1978-1985

H]J based his training primarily on long, relatively slow (~4 min 5 s * km)
distance runs. In addition he performed various forms of interval training.
The total average weekly traiming distance during these years was 164 (range
129-185) km * week. Included in this training HJ performed various kind
of interval training, which averaged 13.3 (9.6 -16.2) km ¢ week™.

1985
During the last 16 weeks prior to the London Marathon, the average
weekly training performed encompassed the following:

Training: Volume: 205 km ¢ week!
Frequency: 18 sessions ® week!
Intensity of 193 km: 4 min * km'!
Interval: 12 km ¢ week!, < 3 min ¢ km!
One weekly session longer than 24 km

Based on this training Henrik finished third in the London Marathon in 2
h 9 min 43 s.

1986-87

HJ continued training using the same concept without achieving any re-

markable results. After failing in the London Marathon in 1987, H]J

changed his training to a large extent. Both the speed of his distance

runs and the volume of interval training increased considerably.
During the last 12 weeks prior to the world championships in Rome

(1987) the average week had the following content:
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Training: Volume: 167 (152-182) km ¢ week!
Frequency: 15 (13-16) sessions ® week!
Intensity of the entire training performed: 3 min 23 s (3:20-3:26)
e km™.
Interval: 23 km * week! (K 3 min * km™) (e.g. 4 x 2 km or 3 x 4
km)

No sessions longer than 15 km

After performing this kind of training Henrik finished 9" in marathon at
the world championships. Due to very high temperatures for marathon
running the finishing time was 2 h 14 min 58 s.

1987-88
After a couple of weeks without training due to illness HJ started training
for the London Marathon 1988. He tried to continue training in the
same way, but failed to reach the intended volume.

The content of the average weekly training during the last 14 weeks
prior to the London Marathon is described below:

Training: Volume: 136 (115-170) km © week’!
Frequency: 14 (13-16) sessions ® week™!
Intensity of the entire training performed: 3 min 29 s (3:26-3:31)
e km'!
Interval: 13 km ¢ week!, <3 min ¢ km*! (e.g. 4 x 2 km; 3 x 4
km)
No sessions longer than 15 km

Rather surprisingly, based on this training HJ won the London Marathon.
Despite bad weather conditions and the fact that HJ was running the last 7
km alone he won in 2 h 10 min 20 s. The above described training and
results seem to confirm the findings described n different scientific papers
(e.g. 39), namely that the same work capacity (performance) can be achieved
after completion of a relatively small training volume performed at high
mtensity instead of performing a great training volume at a relatively low
itensity.
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Gert Kaerlin (GK) — Danish record holder in 5000 m
(1973-1982)

In contrast to the change in traiing principles described above for HJ and
FJ, respectively, the tramning performed by GK changed from a relatively
small volume with high mtensity to a considerably greater training volume
with relatively low intensity during the preparation period for competition.
During many years before 1976, GK based his training on a relatively small
training volume during the winter and an even smaller training volume
during the summer. In addition, various intervals of high intensity were
performed each second day during the summer period.

1973

A typical tramning week during the preparation period consisted of the
following:

Training: Volume: 110 km * week™
Frequency: 7-9 sessions ® week™!
Intensity: Not exactly known
Interval: 2 times ¢ week™ (e.g. 20 x 400 m, ~1 min rest between
repetitions or 6 x 1000 m, 2 min rest between repetitions).
No sessions longer than 18 km

Based on this training GK mmproved the Danish record in 5000 m by
running 13 min 40 s.

The same kind of training as described above continued until the
winter 1975/76. During this period the total volume increased
considerably, while the training intensity decreased.

1976
A typical training week included the following:

Training: Volume: 200 km ¢ week’!
Frequency: 10-11 sessions © week’!
Intensity: Not exactly known
Interval: Mainly anaerobic of “fartlek”-type
At least two weekly sessions longer than 22 km

After performing this kind of training GK broke his own Danish record in
5000 m by running 13 min 39 s but since the improvement was extremely
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small, it 1s obvious to conclude, that the same performance level can be
achieved after completion of a relatively small training volume performed
at high intensity compared to a great training volume performed at a
relatively low intensity.

Additionally, the training performed and the results achieved by HJ
and GK indicate that the same performance level is reached regardless
of whether a large total training volume performed at relatively low
intensities 1s exchanged with a relatively smaller total training volume
performed at relatively high intensities, or that these different training
programs are performed in reverse order.

Furthermore, since both H] and GK seem to have reached or have
been very close to an upper limit of adaptation to training, the presented
case studies support the view that there exists an upper limit beyond which
no adaptation to training take place.

Concluding remarks

¢ The intensity of training is of extreme significance for physiological
adaptations as well as performance.

e Training frequency and duration of a single training session are
important for the training response, if an increase of these factors
implies increased training volume. However, evidence that training
frequency vs. training duration is of any significance if the training
volume 1s fixed 1s weak.

e Training volume 1is essential for physiological adaptations and
performance. Whether there may be an upper training limit beyond
which no improvement in physiological adaptations and performance
1s seen with increased training is still not clear, but it 1s likely to
depend on the individual’s capacity to adapt as well as to tolerate
varying volumes of high intensity traiming.
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Training volume and intensity

Leif Inge Tjelta and Eystein Enoksen

Synopsis

A review of relevant literature, current research and experience of
famous coaches and athletes show that: The most successful long
distance runners through the last 30 years run between 140-
250 km per week. 5000 m and 10000 m runners do work loads
between 160-200 km, while marathon runners in certain weeks
have training volume up to 250 km per week. The best female
long distance runners run the same amount of kilometre per week
as the international elite for men. Several world class long distance
runners claim that training intensity is equally important as
training volume. However, athletes are responding differently to
training and only a tew athletes have got the genetic dispositions
to become world class runners.

Introduction

In this article we will venture to give a survey of characteristics in the
development of some training theories, theories which are at the basis
of successful long distance runners n this century. Thereupon we will
define the terms training volume and training intensity. In the paragraph
on training volume we will try to show the amount of training done by
some successful runners.
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In conjunction with the term training intensity we will discuss in which
way certain coaches and physiologists subdivide training zones as well
as the effect of training in the various zones.

Finally, we will concentrate on the training of three female long di-
stance runners, namely Grete Waitz, Ingrid Kristiansen and Sonia
O’Sullivan. We will try to compare training volume as well as training
intensity for these outstanding runners.

Historical review of training theories

The theories which form the basis for the training of long distance

runners have undergone some changes over the last 70 years. These

theories have been influenced as well by the 1deas of some acknowledged
coaches as by physiological research.

Coaches who have been associated with good athletes tend to
become trend-setters for other contemporary coaches and athletes.
Consequently, a historical review of the main development in training
theory can thus be exemplified by the following coach athlete rela-
tions:

e 1920s - 1930s: Lauri Pikhala - Paavo Nurmi (Finland). They deve-
loped a system which was a precursor of interval training (6).

e 1930s: Woldemar Gerschler - Rudolf Harbig (Germany). Gerschler
introduced the term ,interval training® (6).

* 1940s - 1950s: Ggsta Holmer - Gunder Higg and Arne Anderson
(Sweden). These legendary Swedes developed ,fartlek” as a training
method (6).

* 1950s: Miholov Igloi - Sandor Tharos, Laszlo Tabori and Sandor
Rozsnyl (Hungary). The Hungarian based his ideas on Gerschler’s
principles on interval training, but he differed from Gerschler by
also using a higher training intensity. Igloi held the idea that the
runner should train twice a day (6).

* 1960’s: Ernest Van Aaken - Harold Norpoth (West Germany) built
their training principles on the idea that long steady running ought
to be the basis of efficient long distance training (42).

e 1960s: Arthur Lydiard - Peter Snell (New Zealand). The New Zea-
lander had the philosophy that 800 m runners as well as marathon
runners must have a basic training period rooted on long distance
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running. During this period they were to run 160 km per week.
Thereupon followed a period of hill running (6-8 weeks) and a period
of 10-12 weeks of track training leading up to that ,year’s run“ (25).

Several coaches have also been influenced by physiologists and re-
search. Woldemar Gerschler is an example of this in close cooperation
with the physiologist Herbert Reindell (6). Norpoth’s coach Van Aaken
had a background as a researcher (6). The research done by the Italian
physiologist Conconi, who determined the anaerobic threshold by non-
mvasive field tests (7), 1s one of many examples ol how physiological
research was used by coaches and athletes.

Some athletes had also developed their training theories based on
their own experience, without any strong influence of coaches and
physiologists. The four-time Olympic champion Emil Zatopek may
serve as an example of this. Zatopek would run more kilometres per
week than top runners had done before him (21). Zatokpek, on one
occasion, when pursuing a theory that running whilst holding his breath
would enhance his competitive performance, he was found unconscious
at the side of the road. He had been trying to beat his own record for
the number of telephone poles he could pass.

With a basis in the examples above we will use the term experts for
coaches and physiologists who have introduced theories and training
methods in long distance running. These theories may be founded on
practical experience as well as research.

Let us now have a closer look at what kind of training some recog-
nised experts have advocated for long distance runners over the last
two decades. We have chosen the following: Martin, D.E. USA and
Coe, P., England (26); Gambetta, V., USA (12); Pisuke, A. and
Nurmekivi, A., The Soviet Union (34); Karikosk, O., The Soviet Union
(21); Bernard, A., Canada (2); Nurmekivi, A., The Soviet Union (31);
van Dam, B., West Germany (43); van den Eynde. Belgium (44) and
Steffney, M., West Germany (39).

Martin and Coe (26) refer to the book: ,/Training Distance Runners®
which was written by the American physiologist David E. Martin and
the English trainer Peter N. Coe, the father and coach of Sebastian
Coe. The other experts have stated their views on long distance running
mn various articles in international periodicals.

We shall also be referring to some other experts.
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To be able to evaluate differing theories and views on long distance
running we consider it important to clarify what we as well as the
experts understand with the very central terms: training volume and
training intensity.

Training volume

The term training volume may have two meanings in training theory

(13):

A The totality of training effort or work done per time unit (day, week, month,
year) Based on the principles of mechanics this means that
work = efficiency x time or: work = intensity x time.

B. The duration, the extent or the totality of measured in for instance the
number of kilometres or miles per time unit (day, week, month or
year).

The meaning in B is the one most widely used in international literat-
ure on running. This is also the meaning used by the above mentioned
experts and as a basis for what 1s here mentioned about traming volume.
When we use the term training volume we will take it in meaning B.
Nevertheless, the connection between intensity and time 1s always
important, and there i1s no doubt that the amount of work 1s greater
when you run a certain distance (e.g. 10 km) at a speed of 16 km per
hour instead of at a speed of 14 km per hour.

The Estonian Olav Karikosk (21), who 1s particularly preoccupied
with the relation between training volume and achievements, has
collected such data for many of the world’s best long distance runners.
One of the most striking traits in the development in long distance
training these last 50 years has been the sheer volume in training. The
one responsible for the first big increase in training volume was Emil
Zatopek. When Zatopek improved Gunder Higg’s world record by
one second, from 13:58.2 to 13:57.2 min:s, he annually ran three to
four times as many kilometres as Higg had done. When Zatopek set
his last world record in the 10000 m (28:54.2 min:s) in 1954, his annual
training volume was 8086 kilometres.

Zatopek’s record was beaten by the double Olympic champion from
Melbourne in 1956, Vladimir Kuts, who, compared to Zatopek, re-
duced the training volume considerably and increased training intensity.
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Kuts would run 5000-6000 kilometres per year when he was at his best.
Pyotor Bolotnikov had similar training volumes the year he set his two
world records on 10000 m: 28:18.8 (5700 km/year) and 28:18.2 min:s (6000
km/year).

Ron Clarke, who pushed Kuts and Bolotnikov out of the result lists,
states that he was preoccupied neither with counting kilometres nor
with filling in log books for his training. Clarke estimates that he
averaged 160 kilometres per week in 1963 when he set his first 10000 m
world record (28.15.6 min:s). Later on, however, he reduced the training
volume and increased the intensity. Clarke emphasises that intensity 1s
more 1mportant than volume, and that the achievements are improved
through intense training, not through steady speed over innumerable
kilometres.

The Kenyan top class runner Henry Rono, who set records mn 3000
(7:32.1 min:s), 5000 (13:08.4), 10000 (27:22.4) and 3000 m steeple-
chase (8:05.4) in 1978, averaged 150-170 km/ week, which also goes
for the Ethiopian Miruts Yifter (Olympic gold m the 5000 metre and
the 10000 m in 1980). The Englishman David Moorcroft, who ran the
5000 m 1n 13:00.41 min:s (world record) in 1982, on the average
covered 150-160 km per week during the years 1981 and 1982. The
European champion of 1982, the German Thomas Wessinghage, ran
130-140 km with intensive training per week (the article by Karikosk
does not express what he means by “intensive”).

Karikosk maintains that the results of his survey suggest that top
results have been achieved with varying training volumes, and that
the runners with the highest training volume frequently have suffered
injuries. The Finns Juha Vaatainen (European champion in the 5000
and the 10000 m in 1971) and Kaarlo Maaninka (bronze - in the 5000
and silver medallist 10000 m in 1980) could be cited as examples of
this. These two runners respectively covered 10000 km and 12000
km per year the years they took their medals. Lasse Viren ran 7390
km per year when he won the Olympic gold medal in 1972. When he
repeated the feat four years later his annual training volume was nearly
the same (7300 km), but the intensity was higher.

The Soviet runner Valery Abramov is mentioned in connection with
those who run fast but with a relatively low kilometer volume; in 1981
he did 13:11.99 min:s on the 5000 m with a yearly training volume of
5900 kilometers.
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Four Norwegian male long distance runners, Knut Kvalheim, Per Halle,
Knut Borg and Arne Kvalheim, were competing at an international level
in the seventies. They would run between 160 and 190 km in weekly ave-
rage for the preparation period (November - April) during the years they
achieved their best results in the 3000, 5000 and 10000 m. During the
competition period (May - the end of August) the average training di-
stance was lowered to 142-158 km per week (15).

Noakes (30) has also studied the training volume of some of the all-time
top long distance runners. He concludes that the best runs were done by
athletes who covered between 150-200 km per week. He further maintains
that the best marathon runners as Kohlemainen, Nurmi, Zatopek, Peters,
Edelen, Clayton, Shorter, de Castella, Salazar, Jones and Lopes were ex-
cellent track or cross country runners before having success in marathons.

With a basis in his survey Karikosk (21) claims that an increase in training
volume will not necessarily lead to better achievements. Noakes (30) holds
the same opinion. There are also other sides to training that should be
emphasised. Training mtensity 1s one of them. Karikosk and Noakes do,
however, not have adequate data on the training intensity of their runners
to make comparisons, or for that sake, draw any conclusions. Klemm (22)
maintains that the traming volume of a 10000 m elite runner should be
between 150-200 km per week. For a marathon runner of international
standing it ought to be somewhat higher (200-250 kilometres per week).

Steffney (39) states that the training volume for a long distance runner
must be increased according to the improvements made by the athlete.
Steffney recommends that the athletes who have realistic hopes of
running the 10000 m in 28 minutes should run 180 km per week during
the preparation period (October - March). Athletes who aim to do it in
approximately 30 minutes should run 140 km per week. Steffney
substantiates his training theories by listing athletes who have been
training according to the directions he is outlining.

The last two decades international long distance runners have been
greatly dominated by African runners. The Kenyan runners on a se-
nior level run between 160-200 km per week (9), and the training
volume of Moroccan runners (38) 1s about the same level. Kenyan as
well as Moroccan long distance runners are recognised by the quality
of their aerobic training. Moroccan runners do five sessions each week
with hill running, interval running or fartlek during the winter season.
The remaining nine weekly running sessions are 50-60 minutes di-
stance running (38). The Kenyans mostly do distance running during the
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winter season (November - February). The intensity of the distance runs
are very often close to the anaerobic threshold (9). The anaerobic threshold
1s the highest level of exercise where the energy needs for the organism
can be covered exclusively by aerobic metabolism (26).

All long distance runners mentioned by Karikosk (21) and Noakes
(30) in connection with the discussion on efficient training volume are
men. Then we may apply question if this training volume should also
be recommended for the best female runners. The British middle and
long distance coach Norman Brook (6) maintains that female runners
who want to make it to the top in long distance running must train just
as much as the best men. Any differences in training volume should
be related to training and achievement, not to differences i sex. The
Italian long distance coach Giampaolo Lenzi (23) who was the coach
of Laura Fogli, the silver medallist in the marathon in the European
Championship in Ahtens in 1982, holds the same opinion. The
Olympic champion at the 10000 m i 1988, Olga Bondarenko, would
run 160-180 km for two out of three weeks during her basic training
period. The third week she would reduce the training volume to 100-
110 km (5).

According to the Portuguese long distance coach Pompilio Ferreira
(11) Rosa Mota who was European champion in marathon in 1982,
would run an average of 150 km per week in 1981-1982.

It has been claimed that the Chinese female long distance runners
who 1 1992 set world records in the 3000, 5000 and 10000 m, would
run a marathon distance daily (42195 m) during their basic training
period (24). This would correspond to approximately 295 km per week,
a training volume which is considerably higher than what 1s
recommended by the above mentioned experts.

To Van Dam (43) there does not seem to be any fundamental diffe-
rence in the training of men and women. He does however underline
the fact that the increased production of the female sex hormone in the
week preceding the menstruation may result in lower achievements in
this period. Jansson (17) states that opinions differ as to whether the
potential for achievement fluctuates during the various phases of the
menstrual period. According to Jansson (17) some studies show no
difference. Jurkowski (18) on the other hand showed that the achieve-
ments were better and the level of blood lactate was lower during the
last part of the menstrual period than during the first part.
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Several studies have shown that there 1s a correlation between the degree
and the frequency of menstrual irregularities and the training volume
measured in kilometres per week (30). In a study (10) it was discovered that
43% of female athletes who ran more than 128 km per week had irregular
menstruation. Furthermore there was a parallel relationship between lacking
menstruation and weekly training volume. There 1s, however, no indication
of an absolute kilometre level above which training will lead to a loss of
menstruation. Which again means that there 1s great individual variation
in the adaptation to training volume (30). Consequently, the mechanisms
which cause great training volumes to influence the regularity of menstrua-
tion seem to be a combination of several factors (30).

Tomten (41) who has been doing research on osteoporosis among female
long distance runners, found that menstrual nregularities are common
with young female runners who develop osteoporosis. She also discovered
an overrepresentation of menstrual rregularities among the best runners.

Several studies conclude that there 1s no connection between training
and menstrual status for female runners (27, 36, 37, 45).

Training intensity
There are two ways to express training intensity (13):

A:As an absolute entity. In endurance sports training intensity will thus
be defined as meters per second, kilometres per hour or VO, per minute

B: As a relative entity. The work done 1s expressed in a percentage of what
the athlete could achieve at the maximum of his or her training condit-
ion. In endurance sports it 1s usual to express training intensity in a
percentage of: VO, max, maximum HR (heart rate) speed and HR at
the anaerobic threshold or at competition speed.

For the further discussion we shall be using Figure 1 as a point of
departure in order to have an adequate system of reference. Figure 1
shows examples of a scale of mtensity, and also how some parameters
and training methods vary when the intensity increases. Figure 1
describes training intensity as a relative entity.
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Work load [Verylow  Low Medium High Very high Max
Personal Slow Talking Do not push Pushes a Pushes hard Maximal
feeling Moderate  lot. Short ~ Very hard  effort
effort breathing  effort
Work Hard effort
intensity
( % of max 60 65 70 75 80 85 90 95 100
HR) ) pa | L | 1 1 | 1 J
Heart rate
, ]|20 1134 1|48 16|2 (AT) l|76 1190 (max)
4
Work
intensity
(% of max
HR - 45 50 55 60 65 70 75 80 8 90 95 100
. | | | | | | | ] | | | J
resting HR) }——
Work
intensity (%
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oxygen 4? 50[ 5|5 6|0 6|5 7|0 7; 8|0 8? 910 9|5 IIOO
uptake)
Stroke Increasing Maximum Maximum Maximum
volume
(Heart) )
Stroke Gradually  Increasing Maximum
power increasing
(Heart)
Musclefiber I I I+IIA I+HA+IB—>
in use '
Dominating Fat Aerobic glycolysis Anaerobic
energy glycolysis
Demand in
musclefiber
Training Restitution Easy Moderate  Fast Aerobic Anaerobic
methods Slow distance distance distance capacity Capacity
used in the |distance running running running training Training
different running Fartlek Intervall VO2 max
intensity Intervall training Race pace  Tempo
zones training (short) (5000m- Training
(long) Anaerobic  1500m) (short)
treshold
training
Blood
lactate 0.5-1 1-1.5 1.5-2 2-4 4-8 8-20
(mmolelt)

Figure 1. An example of a scale of intensity for endurance training for a well
trained athlete with a maximum heart frequency of 190 beats ® min" and a rest
frequency of 50 beats ® minr!. The figure generally illustrates how certain physio-
logical parameters and training methods vary when intensity increases (13).
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Most experts mentioned above divide long distance training into three

zones of tensity, namely:

* Aerobic intensity zone, which corresponds to what we in Figure 1 have
classified as very low, low and moderate work load. Exertions with
moderate work load (70-809% of VO, max) are however classified as aerobic/
anaerobic traming by experts like Pisuke and Nurmekivi (35).

e Aerobic/anaerobic intensity zone, which corresponds to high or very
high work load (Figure 1).

e Anaerobic intensity zone, which corresponds to an area of intensity
which in Figure 1 1s classified as maximal work intensity. Some
experts also place work intensities which in Figure 1 appear as very
high, under the label anaerobic (33, 44).

Martin and Coe (26) divide efficient training into four zones of intensity.
They also use different terms for these zones than the other authors.
We will return to this later on.

Aerobic intensity zone

In this intensity zone the strain 1s 50-70/80% of the strain at O, max.
This corresponds to figure 1 where low work load is defined as 50/55-
65/70% of the strain at VO, max, and that moderate work intensity is 65/
70-80 of VO ,-max. The concentration of blood lactate is below the anaerobic
threshold (AT). With a reference to Figure 1 we see that the blood lactate
concentration is estimated to be 1-2 mmolel! at these levels of strain.
Several experts quote higher values of lactate in this mtensity zone. This
can be ascribed to the fact that different testing procedures give different
values of lactate (14).

Most training for long distance runners should be done in this zone
of intensity according to the above mentioned experts. The length of
the training sessions in the aerobic intensity zone are usually between
8 and 35 km. The training is most often in the form of continuous
work over long distances. Training in this zone 1s frequently referred
to as ,basic training® or ,conversational training“ because it 1s steady
enough to allow conversation while running. If the heart rate (HR) 1s
taken as a measure of training intensity the heart rate is around 70-
80% of maximum heart rate. This training will, according to Martin
and Coe (26) have the following effects:
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o [t will serve to improve oxidative metabolic capabilities in cardiac muscle
and those skeletal muscle cells that are activated (type 1 fibres).

e It provides a stimulus for improving joint and tendon strength without
excessive 1mpact stress, which would be the result at faster paces.

¢ Increases occur in the quantity of stored fuels (carbohydrates and fatty
acids).

e It will lead to increase as well in number as in size of mitochondria
in the stimulated muscle cells.

* Increasing blood volume and capillary density in trained muscle
will improve O, delivery and CO, removal.

* The sustained increased venous return to the heart, particularly du-
ring longer runs, provides an initial stimulus toward enlarging ven-
tricular chambers, eventually increasing stroke volume and permit-
ting a given volume to be pumped at lower heart rate. This will lead
to lower resting heart rate.

Martin and Coe maintain that running at a speed slower than 55% of the
speed at VO,-max has little aerobic value. Pisuke and Nurmekivi (34) term
training below 50% of VO,-max speeds as restitution training. Figure 1
defines training where the intensity is below 55% at the effort at vQ,-max
as restitution or training at very low intensity.

Aerobic / anaerobic intensity zone

Training in this intensity zone produces increased stimulation of heart
and the cardiovascular system (26) Training in the aerobic / anaerobic
mtensity zone is also important as concerns the effect of training of
those muscle cells that are above the strain level in the aerobic intensity
zone (26). Running intensity in this zone covers speeds from somewhat
lower to somewhat faster than the running speeds for the anaerobic
threshold. (2, 26, 31, 34, 39, 43).

By applying the measuring method which is usually used in Norway
today in order to determine the anaerobic threshold (AT), it was
discovered that the eight best female long distance runners in Norway
in 1994-1995 had an oxygen uptake at AT which was from 83-89% of VO,
max (40). The test 1s organised as a progressive running proceedure over
five steps, where lactate, oxygen uptake and heart rate are measured at the
end of each working load. Lactate measured at loads lower than AT are
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stable after 2-5 minutes. 5 minutes are chosen as working time. The first
load 1s approximately 60% of the VO ,-max load. For each increase in work
load the oxygen uptake will be 6-7% higher and the heart frequency will
mcrease with approximately ten beats per minute. The test contains of five
different working loads. AT is set to be the running speed (km per hour),
oxygen uptake and heart frequency which correlates to a lactate concent-
ration in blood which is 1.5 mmol ¢ I above the lovest measured test value
(1). Bompa (4), Martin and Coe (26) and Nurmekivi (32) also claim that
AT lies in this percentage area of VO, max.

In Figure 1 we also see that the lactate value at A'T" 1s approximately 2.5
mmol ¢ I"'. Frequent measurements of the best female long distance runners
in Norway during 1994-95 showed that their AT, measured by the
measurement methods used in Norway today (1), lay about 2.05 and 2.72
mmol ]! (40). Measurements for male runners generally show similar
values. Some literature refers to other methods of measurements, which
by using the same percentage of exertion, would have given an A'T" about
4 mmolel! (12, 26).

Martin and Coe (26) characterise training in the zone around AT as:
anaerobic conditioning because training at speeds above the anaerobic
threshold will result in a rapid concentration of lactate i the blood.

While Pisuke and Nurmekivi (34) say that speeds between 70-100% of
VO, max lie in this zone, this covers two of the zones in Coe and Martin’s
(26) system. In figure 1 this spans the three intensity zones; moderate, high
and very high workload. All experts agree that training in the intensity
zone 70-100% of the speed at VO,-max should contain continuous work
as well as mterval training.

Continuous work 1s an efficient form of training which corresponds to
70/75-85/90% of the speed at VO, max. Other experts recommend both
continuous work and long interval training in this intensity zone. (2, 13,
34, 39).

There 1s general agreement that interval training i1s an efficient form of
training when the intensity of the traming is between 90-100% of the speed
at VO, max. According to Martin and Coe (26) these are speeds that
correspond to the speed of the distances 1000-3000 m. They call training
in this training zone aerobic capacity training and recommend long inter-
val training (distances from 800-3000 m). The total running distances should
be from 6-8 km. This corresponds well with Bernard (2) who says that 8-9
x 800 m with 2-3 minute recovery i1s what he recommends for traimning at
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10000 speed. Steftney (39) also recommends forms of traming at a level of
intensity which corresponds to this.

Coe and Martin (26) list the following training effects in the intensity
zone close to the anaerobic threshold corresponding to 75-909% of the
speed at VO -max:

e It will develop stamina.

e ST fibres and some FT fibres (T'ype Ila) will be developed.
¢ Increased heart chamber size.

¢ Increased stroke volume.

e Increased oxidative/glycolytic enzymes.

¢ Increased blood volume.

Nurmekivi (81) states that continuous running at steady state pace in

the area close to the athlete’s anaerobic threshold has the following

effects:

* The improvement of blood supply through the development of capil-
laries.

* An increase in the number of capillaries.

* The capacity to eliminate accumulated lactate faster during work.

* An increase in the contraction capacity of the heart muscle.

If the effect of the training is in the area from 90-100% of the speed at VO,-
max Martin and Coe (26) claim that the physiological adaptations resulting
from this kind of training include:

e Increased glycolytic enzymes in working muscles.

e Some increase in blood buffering ability.

* Some increase in neurological recruitment.

e ST and FT fibre development.

* Development of speed.

Anaerobic intensity zone

Training with an intensity of 100% or more of the speed at VO,-max is
defined as anaerobic training by all experts. In Figure 1 this is classified
as training which gives the highest strain in this area; very high work
mtensity as well as maximum work intensity. There 1s, however, some
disagreement concerning the extent as well as the actual exaction of such
training for long distance runners.
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Gambetta (12) calls anaerobic training ,repetition training“. This is not
to be confused with interval training. The training distances should be
about % to % of the competition distances. Between the repetitions there
should be long breaks and good restitution. Van den Eynde (44) on the
other hand recommends high intensity and short breaks to develop
anaerobic endurance. As examples of such training he mentions:
¢ Speed running from 200-1000 m with short breaks (100-200 m jogging)
e Variations in speed (ins and outs) for 1000-2000 m in one or two series

with 4-6 minute serial pauses.

e Several repetitions with hill running from 200-800 m, where running
down the hill again to the starting point constitutes the pause.

* Speed training after a spell of aerobic training, or separate speed
training. 80-150 m sprint with short pauses between are those
recommended.

Pisuke (33) holds the opinion that anaerobic training should constitute
about 5-10% of the annual total training volume of a senior athlete. But
then Pisuke also considers training intensities from 95-100% of VO,-max
as anaerobic training. Junior runners should hold a lower percentage.
Together with Gambetta he also recommends repetitions. In addition he
believes that mterval training, hill running, and several variations of jumps
are potentially efficient forms of training.

Bernard (2) also underlines that training in speeds which are 10-15%
higher than competitive speeds must be included in the training. Ber-
nard quotes no specific percentage of training as a recommended le-
vel of intensity.

Nurmekivi (31) claims that anaerobic training must be related to
whether the runner has speed (has a large percentage of fast muscle
fibres (FT)) or endurance (a majority of slow muscle fibres (ST)). En-
durance runners can use longer distances in interval as well as repeti-
tion traming, but they should be careful about intensive iterval training.
Nurmekivi (31) recommends one to three track sessions per week. We
should also be aware that training repetition on grass or trail 1s less
psychologically stressing than track training.

van Dam (43) maintains the importance of training one weekly session
with high intensity all through the winter. In this way you avoid having to
do a great number of intensive 200 and 300 meters just before the track
season.
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Steffney (39) believes that particularly 10000 m runners should be careful
about intensive track training during the season of competitions. The danger
lies in the emphasis on developing speed to the detriment of endurance.
Steffney suggests speed alternations (20 x 50 m) as well as sessions at
competitive speed for 1500, 3000, 5000 and 10000 m as forms of anaerobic
training.

Martin and Coe (26) say that the purpose of anaerobic capacity training
1s to improve speed and strength. Furthermore such training improves the
ability to take speed changes and the ability to finish a race well. The 1500
m as well as the 3000 m are run with over 100% of the speed at VO, max,
and consequently it 1s important to develop the ability to perform with a
steadily growing level of blood lactate in the muscles that are being strained.
Martin and Coe (26) also maintain that the distances 5000 and 10000 m
will be run most successfully by the runners who in addition to maintaining
a high speed and a low production of blood lactate at the final stages of the
run, can add an anaerobic element the last stretch before the finish.

Traming sessions which are intended to increase the anaerobic capacity
must be executed at great speed over relatively short distances. Coe and
Martin (26) recommend running distances of 200-800 m and a total training
volume per session of 2400-4000 m.

Case studies

At the end of this article we will analyse the training done by Grete Waitz
and Ingrid Kristiansen when they were the best long distance runners in
the world. Furthermore we will discuss the training of Sonia O’Sullivan
who was the best long distance runner in 1995 and the world champion on
the 5000 m. She had a set-back mn 1997 and then she managed to get a
formidable comeback as the double world champion in cross country as
well as winner of 5000 m and 10000 m in the European championship in
1998. We will try to evaluate the training of each runner individually during
one of the seasons she was at the top. As for Ingrid and Grete we will try to
comment on their training the years leading up to the year we have chosen
to concentrate on. We will also compare the training of these runners, as
well as compare it to the long distance training which is recommended by
today’s experts.

Our information concerning Grete Waitz’ training 1s from her training
log from 1973/74, from telephone conversations with her and from the
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previous Norwegian national coach Kai Mgller (28, 29). With a basis in
Grete’s traming logs he has established a system of the training that Grete
did when she was a track runner. We have gained much of our knowledge
concerning Grete’s training prior to being a senior during conversations
with Grete.

Johan Kaggestad has let us study Ingrid Kristiansen’s log book from
1985/86. When he was a national coach he systematised Ingrid’s
training between 18 November 1985 and 26 October 1986 (19, 20).
Further information about Ingrid’s training in the years preceding the
1986 secason have been gained during conversations with her.

Sonia O’Sullivan was Grete Waitz’ neighbour and friend in Gaines-
ville, USA. The information we have on Sonia O’Sullivan has been
relayed to us by Grete Waitz.

Grete Waitz

Grete Waitz started athletics at the age of 12. She would compete in
sprint, jumping and throwing events up till the age of 14. At the age of
15 she for the first time took part in races over 200 m. She ran her first
800 m at the age of 16. At this age she would train 5 times a week. She
did interval training and steady long runs up to 8-10 km. Grete says
she trained a lot with the boys and that training intensity was relatively
high already at the age of 17-19. ,I was able to do a kilometre i four
minutes sharp at an age of 18-19 years without making much of an
effort. As a 19 year old girl Grete held the following personal records:
800 m 2:05.7 min:s, 1500 m 4:17.0 min:s, and 1.61 m in high jump.

oI believe the reason why I was able to take a lot of tough training as
an adult without the support of a medical team was that I had established
a sound basis through all-round training during my youth®.

Training volume and training intensity as a senior athlete

From the autumn of 1973 Grete’s training changed. The total volume was
mcreased. The percentage of her imtensive sessions was very much lowered,
and sprint training was dropped. Two-three times a week she would run
twice a day, thus contributing to the increase in the total number of
kilometres (28). Kai Mgller (28) says that the training in 1973/74 represents
the shift to long distance training. Her training prior to 73/74 is characterised
as 800 m training (28). Eight of September 1974 Grete was number three
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m the 1500 m i the Furopean championship. There is a comparison of
Grete’s training {requency (number of sessions) in 1971/72 and 1973/74 in
Table 1, and the various types of training for the years 1971/72 and 1973/74
are shown in Table 2. Mgller comments: ,,In the season 1971/72 Grete did
mainly intensive training all through the year. The training 1s particularly
intensive during the season of competitions. A great number of
competitions are not included in the table.

Table 1. Grete Waitz’ training frequency during the seasons 1971/72
and 1973/74.

Selected months November  February  April July  August
No. of sessions 1971/72: 28 32 30 21 31
No. of sessions 1973/74: 40 38 36 41 42

Data from 28.

In 1973/74 all the year is dominated by long steady training Table 2.
Note in particular the month of September with important competitions,
where as much as 78% 1s long runs. Both July and August have 68% long
runs®.

By surveying Grete’s training diary for 1973/74 we find that her
weekly training volume 1s between 80 and 116 km. The volume 1s
somewhat higher during the summer season than in the winter. This 1s
due to the fact that she during May-September more frequently runs twice
a day than what she did during the period November 1973 till April 1974.
The volume was reduced to 58.5 km the week before the Furopean
Championship.

During 27 consecutive weeks from 1 January 1974 she runs an ave-
rage of 90 km per week. During the same time span in 1973 she would
run 73.8 km per week.

Grete’s training diaries reveal that 1974 was the year she hit upon
her particular form of training. The ensuing years she increased the
training gradually. In 1975 her average training volume for the 25 weeks
after 1 January was 132 km per week. This season Grete achieved: 3000 m
in 8:46.6 min:s and the 1500 m in 4:07.5 min:s. From 1 January 1976 she

averaged 160 km per week during the first 25 weeks of the year (29).
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Table 2. Types of training during the seasons 1971/72 and 1973/74 in
percentage of total training.

Selected months

[Types of INovember |February |April July August September
training
1971 | 1973 [ 1972 | 1974 | 1972 | 1974 | 1972 | 1974 | 1972 | 1974 | 1972 | 1974
long run over | 289, | 60% |[28% |63% |23% ;25% | 9% 24% | 16% | 38% | ---- 43%
10km.
fong run below | 1404 [ 15% | 15% | 18% | 3% 25% | 19% | 39% | 0% 30% | ---- 35%
10km.
fartlek 18% | 5% 8% 3% 24% | 9% 9% 5% 6% 0% -—-- 0%
long 3% 5% 18% | 6% 10% | 9% 5% 5% 0% 0% - 0%
interval
short interval 21% | 7.5% | 18% | 10% | 13% | 19% [14% [ 11% | 13% | [1% | ---- 0%
anaerobic 0% 0% 0% 0% 0% 0% 12% | 4% 35% | 11% | -—-- 0%
hill running 0% 0% 0% 0% 10% | 3% 0% 0% 0% 0% ---- 0%
competitions 0% 0% 3% 0% 7% 6% 24% | 10% | 19% | 12% | --—-- 11%
skiing 0% 0% 0% 0% 0% 6% 0% 0% 0% 0% - 0%
strength 14% | 7.5% | 5% 0% 10% | 0% 0% 0% 0% 0% oeme 0%
sprint 0% 10% |5% |0% 0% |0% |8% |0% |6% |0% |-— |0%

Data from 28.

This was to remain her training volume until 1978/79, the year she had
her best track runs; 4:00.6 min:s at the 1500 m in 1978 and 8:31.75 min:s
at the 3000 m m 1979. She maintains that her speed during the long runs
was relatively high. Grete’s training diaries do, however, not contain any
information about kilometre speed nor heart frequency during the long
runs.

Grete tells that during the years as a marathon runner she did not
have any noticeable increase in the training volume. Some of the long
runs would however be very long and calm. This 1s confirmed by Kai
Mogller (28). Her training rhythm is exemplified by the following sessions
from her diary for 1974 shown in Table 3.
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Table 3. Different training weeks for Grete Waitz in 1974.

One training week in February 1974

Monday 4 February Longrun 14 km
Tuesday 5February Longrun 14 km
Wednesday 6 February Long run/with speed inkrease 14 km
Thursday 7 February Longrun 14 km
Friday 8 February a)4 x 1000 m, recovery 1 min
b) Long run 6 km
Saturday  9February Intervals 25x 300 m, recovery 15s
Sunday 10 February a) Long run 10 km
b) Long run 10 km
One week of training in August 1974
Thursday  1August  a)Longrun 30 min
b) Fartlek 12 km
Friday 2 August a) Long run 6 km
b) Long run (last 5 km fast) 11 km
Saturday 3 August a) Long run 7 km
b) Short intervals 2 x 15 x 200 m,
recovery 10-15s.
Sunday 4 August a) Long run 7 km
b) Long run 12 km
Monday 5August  Tempo/distance at track: 1000 m
(2:50), 600 m (1:37), 300 m (43.2)
recovery 7:30 min.
Tuesday 6 August Longrun 14 km

Wednesday 7 August

Short interval 2 x 12 x 150 m,
recovery 10-15 s. Serial pause 5 min

The last 2 weeks before the European Championship in Rome 1974

Friday 23 August
Saturday 24 August
Sunday 25 August

a) Long run
b) Long run
a) Long run
b) Long run
a) Long run
b) Long run

7 km
13 km
7 km
13 km
7 km
13 km
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Monday 26 August

Tuesday 27 August

Wednesday 28 August
Thursday 29 August
Friday 30 August
Saturday 31 August

Sunday 1 Septmber
Monday 2 Septmber
Tuesday 3 Septmber
Wednesday 4 Septmber

Thursday 5 Septmber
Friday 6 Septmber

Saturday 7 Septmber
Sunday 8 Septmber

Monday 9 Septmber

a) Track:

1000 m (2:47.5 min:s) 600 m (1:36.1 min:s),

300 m 43.6 s), recovery 7:30 min.

a) Long run

b) Long run

No training due to infection of right leg
Jogging for 20 min

Longrun

Track: 1000 m (2:42.6 min:s)

600 m (1:34.9 min:s) 300 m (43.1s)
recovery 7.30 min.

Long run

Fartlek

Long run

Short interval: 12 x 150 m + 10 x

100 m, recovery 10-15 s. Serial
pause 5 min.

25 min jogging + couple of hills

a) 4-5 km jogging

b) European Championship 1500 m
heat 4:11.5 min:s

25 min jogging + couple of extra turns
European Championship 1500 m final,
number 3. 4:05.2 min:s

Longrun

7 km
13 km

13 km

8 km
11 km
8 km

8 km

Ingrid Kristiansen

Ingrid who was born in 1956 tells that she already in pre-school age
would run and go for long walks i the fields, on foot as well as on skis.
She continued doing this until she was 15/16 yr. She says that when
she at an age of 15 yr took part in the first athletics training she
experienced interval training emphasising time as very stressing. As a
15 yr old she did the 1500 m in 4:22.0 min:s. Her basis was varied
aerobic training. Ingrid took part in competitions for a long time, at a
high level, both in cross country skiing and i running. She won several
national championships in skiing relay. She was also a member of the

national team.
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The season 1986

In 1985 Ingrid set the world record at the London Marathon with the
time: 2:21:06 h:min:s. Her training for the 1986 season was aimed at
the 10000 m in the European Championship in Germany 30th August.
During the 1986 season Ingrid set world records both in the 5000 m
(14:37.33 min:s) and the 10000 m (30:13.76 min:s). She became the Euro-
pean champion in the 10000 m and set personal records in the 1500 m as
well as the 3000 m. During the 1986 season she took part in 28 competitions
including two marathons.

Training volume
During the 49 weeks from 18th November 1985 until 26th October
1986 Ingrid had a total training volume of 7625 km (20). This amounts
to 155 km per week.

Of the total annual training volume of 7625 kilometres, 565 kilometre
was skiing (7.4%) and 114 km (1.5%) was cycling. Figure 2 shows the
training volume per week in this period.

Training intensity

Aerobic training

6701 km (87.9%) of Ingrid’s total training volume of 7625 km was aerobic
training. From her training diaries we understand that this was mainly training
in the area 55-75% of the speed at VO,-max.

250 -
200
150 4.
100 [

50

46 48 50 52 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 16 38 40 42

Figure 2. Training volume, measured in km © week, during different weeks from
18 November, 1985 until 26 October 1986 for Ingrid Kristiansen. Data from 20.
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Aerobic/anaerobic training

357 km (4.79) was run in 39 sessions with a speed between 3:10 and 3:40
min:s per km. These sessions were executed with continuous work over
distances of 3-23 km. Johan Kaggestad classifies this training as anaerobic
threshold training. This corresponds well with the terminology used by
Martin and Coe (26). Our interpretation of Martin and Coe gives us reason
to classify this training as 70-85/90% of the speed at VO, max. Figure 1
classifies this training as moderate and high work intensity. Most coaches
and physiologist would classify this as aerobic/anaerobic training.

265 km(3.59%) in 45 sessions are classified as aerobic quality training by
Kaggestad (aerobic capacity training; 26). This training was executed as
various forms of interval training. It can be classified as in the upper part of
aerobic/anaerobic zone of intensity. The speed was 85/90-100% at the speed
of  O,max. According to Figure 1 this is training with high and very high
work intensity. These are speeds which correspond to the competition
speed of the distances from 3000 m to % marathon (26) The total training
in the aerobic/anaerobic intensity zone is then 622 km (8.29).

Anaerobic training

Only a relatively low part, 28.3 km (0.3795) in 10 running sessions,
was executed as anaerobic training, i.e. training where the speed 1s
higher than the speed at ~ Q,-max. In addition Ingrid would be running
sprint strides of 60-100 m at high speed after having ended her other
forms of training. She ran 166 sessions with a total of 1162 strides.
This constitutes 9.3 km (0.12%). These 9.3 km with strides are classified
as alactic anaerobic training (16).

Competitions

Ingrid took part in 28 competitions. The length varied from 1500 m to
marathon. The total length of the competitions was 273.8 km which
constitute 3.6% of her total kilometre volume.

Strength training

Between 18 November 1985 and 9 June 1986 Ingrid executed 37 sessions
of strength training. These were sessions from 10 to 15 minutes with gene-
ral strength training to one weekly session with aerobics lasting 70-80 min.
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Training suppleness
During the period 18 November 1985 and 3 August 1986 Ingrid did 65
sessions of training, variations of jumps. They lasted from 10 to 15 min.

Hill running

Ingrid did 5 sessions of hill running over the mentioned 49 weeks. These
sessions have already been included under the heading aerobic/ anaerobic
training.

Sonia O’Sullivan

Sonia O’Sullivan became the 1995 world champion on the 5000 m and
she won the world cup. As previously mentioned she won the short as well
as the long cross country distances in the world championship in 1998, she
also won 5000 m and 10.000 m in the European championship this year.
The training data presented in Table 4 are three representative weeks of
1994/95.

Table 4. Training of Sonia O’Sullivan 1994-1995.

End of November (London Base, Teddington)
Sunday long steady run 1 hour 45 min, appr. 15-16 miles
Monday Session1l 10 miles steady
Session2 5 miles steady + circular training
Tuesday Session1 10 x hill runs (appr. 1 min duration)
Session2 7 miles + weights
Wednesday Session1l 10 miles steady
Session 2 5 miles steady
Thursday  Session1l 6 miles steady
Session 2 Cricket field session. (1/2 mile + 1 mile) x 2
with 1 min recovery
Friday Session1 11miles steady
Session 2 5 miles steady
Saturday  Session1l 7 miles fast, time 39:12 min:s (3:32 minekm)
run in a park.
Total weekly volume: 100 miles
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February/March (Australia)
Sunday Long steady run 1 hour 50 min, 15-16 miles
Monday Session1l 10 miles
Session2  5-6 miles + weights
Tuesday Session1 3 miles steady
Session 2 track session: 5 x 1000 m. Time 2:50 min:s.
Recovery: 120 s.
Session 3 5-6 miles steady
Wednesday Session1l 9 miles steady
Session 2 5-6 miles steady
Thursday  Session1l Hill runs. 10 x 65 s.
Session 2 6 miles steady
Friday Session1 9 miles steady
Session 2 5-6 miles steady + weight training
Saturday  Session1l 3 miles steady
Session 2 Track session. 3 x (4x400 m). Time 62-65 s.
Recovery: 1 min
Session 3 5 miles steady

July /August (Teddington London)
Sunday Session1l From 45 to 60 min steady runs
Monday Session1 6 miles steady
Session 2 6 miles steady
Tuesday Session1l 15 to 20 min steady runs
Session 2 Track session. 1200 m (3:15 min:s) 1000 m (2:45),
800 m (2:08), 600 m (1:35), 400 m (1:00),
200 m (0:28) (recovery are not quoted)
Session 3 4 miles steady
Wednesday Session1l 6 miles steady
Session2  5-6 miles
Thursday  Session1l 15 to 20 min steady run
Session 2  Track session. 2 x (4x300 m). Time 46-47 s.
Recovery: 1 min
Session 3 4 miles steady
Friday Session1 20 min steady
Session 2  20-30 min jogging + some hill runs
Saturday  Sessionl 3-4 miles steady
Session 2 Competition (1500, 3000 or 5000 m).

172



TRAINING VOLUME AND INTENSITY

Training volume

During the period November until the beginning of May O’Sullivan would
usually run 100 miles (160 km) per week. The highest distance that Sonia
O’Sullivan covered during one week of 1995 was 112 miles (180 km). During
the competition period she ran 72-75 miles (115-120 km) per week.

Training intensity

According to Grete Waitz (1995) O’Sullivan does her steady long runs
with a speed of about 3:45 and 3:50 minekm™. To O’Sullivan these
would constitute training in the boarder area between low and mode-
rate work intensity (Figure 1). The longest trips on Sundays during
basic training periods are calmer; 4:00-4:10 min ® km. This is training with
low work intensity (Figure 1).

Winter training 1994-1995

The Saturday sessions that O’Sullivan does in her winter training are
with high work intensity.

Session 1 Tuesday (10 x hill runs) and session 2 Thursday ((*2 miles +1
mile) x 2) we would estimate to be training in the boarder area between
high and very high work intensity (Figure 1).

Training during the spring of 1995

Two weekly sessions during the period February/March were executed
with very high work intensity. These sessions are the session 2 on
Tuesday (5x1000 m, Time: 2:50 min:s) and the session 2 on Saturday
(track session 3 x (4x400 m), time: 62-65 min:s). Session 1 on Thursday
(Hill session 10 x 65 s) 1s training in the boarder area between high and
very high work intensity (Figurel).

Summer training 1995

In addition to one weekly competition during the summer of 1995
O’Sullivan trained two sessions per week with very high work intensity.
These were done on the track Tuesday and Wednesday in July/August.
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Similarities and differences in the training of Grete Waitz,
Ingrid Kristiansen and Sonia O’Sullivan

Training volume
We find the highest weekly training volumes with Ingrid Kristiansen
who competed in the longest distances. During the one week 13th -
19th January 1986 she had a total traimning volume of 225 km. It should
be mentioned that 80 of these 225 km were performed on skis. In
addition to the fact that Ingrid did great parts of her aerobic winter
training on skis she would also do much training on the treadmaill;
over a period of 49 weeks she did 110 training sessions on the treadmill.
Sonia O’Sullivan (1995) and Grete Waitz (1976) had 180 km as their
highest weekly training volumes. There 1s little difference in the average
weekly training volume of these three athletes: Ingrid held an average of
155 km (average for 49 weeks), Grete had 160 km (average for 25 weeks)
and Sonia O’Sullivan did 140-150 km per week. When you compare the
traming volume of these three female runners with that of the best male
long distance runners, it corresponds to the volume that Karikosk (21),
Noakes (30) and Klemm (22) maintain 1s the efficient level. Ingrid’s total
annual volume, 7625 km, 1is very close to that of Lasse Virén who in 1972
and 1976 covered 7390 km and 7300 km. In other words, there do not
seem to be any substantial differences in the training volumes of men and
women at the top international level.

Training intensity
When you compare the training of Grete Waitz (1976), Ingrid Kristian-
sen (1986) and Sonia O’Sullivan (1995) several similarities are apparent:

They all did 2 daily sessions and they all had 2-3 weekly training
sessions In the aerobic/anaerobic zone of intensity. Further, their aerobic
training, which constituted 80-90% of their total training, was of a high
quality. Ingrid’s training, however, contained less track training than
that of the other two. They all three did strength training, but Sonia
was the only one to use weights.

The distribution of training in the various zones of intensity corre-
sponds well with what is recommended by van den Eynde (44), Steffney
(39), Nurmekivi (31) and Pisuke (33).

With Grete and Ingrid we find similarities in training influences
during their adolescence. They both did an extensive range of sports.
Grete did sprint, jumping and throwing, and she played handball during
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her early youth. Ingrid trained skiing and running. There 1s one difference
between the two in the fact that up till senior level Grete did more anaerobic
training than Ingrid. The latter got her basic training through aerobics, ski
training and runs in the forests. Grete achieved her best times on the 1500
m and the 3000 m. She was also best on the 400 m and the 800 m. Ingrid
was the best on the longest distances. These are differences which may be
ascribed to the differences in training during their teens and/or ,genetic
differences®. It is however important to underline the fact that both Ingrid
and Grete did 150-160 km in weekly average during the years they were
doing their best 1500 and 3000 m runs.
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