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Abstract Top soccer players do not necessarily have an extraordinary capacity in any of

the areas of physical performance. Soccer training is largely based on the game
itself, and a common recruitment pattern from player to coach and manager
reinforces this tradition. New developments in understanding adaptive processes
to the circulatory system and endurance performance as well as nerve and muscle
adaptations to training and performance have given rise to more effective training
interventions. Endurance interval training using an intensity at 90-95% of maxi-
mal heart rate in 3- to 8-minute bouts have proved to be effective in the
development of endurance, and for performance improvements in soccer play.
Strength training using high loads, few repetitions and maximal mobilisation of
force in the concentric mode have proved to be effective in the development of
strength and related parameters. The new developments in physical training have
important implications for the success of soccer players. The challenge both for
coaches and players is to act upon the new developments and change existing
training practice.
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Soccer is one of the most widely played sports in
the world, and players need technical, tactical and
physical skills to succeed. In part, professional soc-
cer is more concerned with selection rather than
development. However, the focus of this review is
exclusively on the development of players’ ability,
primarily their physical resources. Individual tech-
nique, tactics and physical resources share impor-
tance when evaluating performance differences in
soccer. The average importance of each of these first
level analytic approaches to differences in perform-
ance is close to one-third.

Within physical resources, strength and power
and their derivatives acceleration, sprinting and
jumping share importance with endurance in ex-
plaining differences in physical resources within the
soccer performance.

1. Endurance Performance in Soccer

Efforts to improve soccer performance often fo-
cus on technique and tactics at the expense of fitness
and applied physiology. During a 90-minute game,
elite level players run 8—12km!!-3 at an average
intensity close to the lactate threshold (LT).[*% The
highest work rate, oxygen uptake (VO2) or heart rate
(HR) in dynamic work using large muscle groups,
where production and elimination of lactate are bal-
anced, is defined as LT.”l The high-intensity bouts
that are dependent on anaerobic or alactic energy
sources are restored using aerobic energy. This
makes it necessary for the player to spend a substan-
tial time at an intensity lower than LT. In a study of
elite junior soccer players,® the LT was 82-85% of
maximal oxygen uptake (VO2max) and 87-90% of
maximal heart rate (HRmax). Another LT protocol
derived from fixed blood lactate values (3 or 4
mmol/L) gave corresponding values for elite adult
male players.[*?! The distance covered during a
game is thus related to both the aerobic power of the
player and the player’s capacity to sustain a high
fractional utilisation of aerobic power. Studies of
Danish league players!!! confirm earlier observa-
tions that 5-9% greater distance is covered in the
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first than in the second half of a match; nevertheless,
aerobically fit players may be spared this decrement
in performance.!®!Y However, no correlation has
been documented between an individual’s percent-
age VOomax at LT and decrement in performance
over the course of a game.[!!]

Previous studies demonstrate a significant rela-
tionship between VO2max and both the distance cov-
ered during a game'>¥ and the number of sprints
attempted by a player.?! Rank-order correlation be-
tween average VO2max and placing for the first four
teams in the Hungarian First Division Champion-
ship was shown by Apor.['2 The mean VO2max of
elite soccer players is normally reported to be be-
tween 55-67 mL/kg ¢ min®'317l with individual
values greater than 70 mL/kg e min.

2. Physiological Determinants of
Cardiorespiratory Endurance

Cardiorespiratory endurance has long been
recognised as one of the fundamental components of
physical fitness.['®1°! Since accumulation of lactic
acid is associated with skeletal muscle fatigue, ana-
erobic metabolism cannot contribute at a quantita-
tively significant level to the energy expended.
Pate and Kriska®! have described a model that
incorporates the three major factors accounting for
inter-individual variance in aerobic endurance per-
formance, namely VO2max, LT and work economy
(C). Numerous published studies support this
model.2!-251 Thus, the model should serve as a useful
framework for comprehensive examination of the
effects of aerobic training on endurance perform-
ance.

VO2max is probably the single most important
factor determining success in an aerobic endurance
sport.l'8261 However, within the same person, peak
oxygen transport is specific to a given type of ac-
tivity. Therefore, in order to obtain relevant values,
emphasis is placed on testing in sport-specific activ-
ities.[”]

Shephard®® has presented an integrated model
based on electrical analogues of the oxygen path-
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way, which uses drops in PO2 to assign relative
pathway impedance. The principal limitation ob-
served using this approach is that the pressure drop
from alveolar gas to arterial blood reflects the ratio
of diffusive to perfusive conductance in the lung and
not alveolar gas/blood diffusive resistance alone.”
Thus, the pressure drop is not solely determined by
the ability of the lungs to exchange oxygen but also
by circulatory properties such as blood flow and
haemoglobin concentration. The same reservation
applies to exchange within the muscles.

Wagner%311 has devised an alternative approach.
A numerical analysis interactively linking the lungs,
circulation and muscles was designed to compare
the influences of each conductance component on
VO2max. The conductances in question are alveolar
ventilation (VE), cardiac output (Q), pulmonary dif-
fusion capacity (DLO2) and muscle diffusing capa-
city (DMO3). Two other independent transport vari-
ables considered are haemoglobin concentration
([Hb]) and the fraction of inspired oxygen (FIO2).
For further details see Wagner.[3!1

At maximal exercise, the majority of evidence
points to a VO2max that is limited by oxygen supply,
and Q is just as influential as [Hb], DLO2 and
DMO2> together.[31-36]

The fraction of the maximal aerobic power that
may be sustained over an extended period deter-
mines LT.?% The LT was defined by Davis*”! as the
intensity of work or VO2 where the blood lactate
concentration gradually starts to increase during
continuous exercise. The blood lactate level ([la-]p)
represents a balance between lactate production and
removal, and there are individual patterns in these
kinetics.[?® Lactate is not wasted. Without any loss
of energy, the process of pyruvate transformation to
lactate can be reversed. Pyruvate can thus be oxi-
dised or to a lesser extent be a substrate for synthesis
of glucose and glycogen. When pyruvate is oxi-
dised, it yields the remaining 92% of energy. Both
resting and submaximally working skeletal muscle,
as well as heart muscle and kidney cortex can use
lactate as a substrate.['® The LT concept is appeal-
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ing because it may be more sensitive to training-
induced adaptations than VO2max alone. Values as
high as 90% of VO2max have been observed in some
highly proficient endurance athletes.*” LT changes
with the alteration of VO2max, but in terms of the
percentage of VO2max, the adaptability seems to be
minor.[*3! The factors determining LT are not well
known. However, muscle fibre type distribution, the
potential for fat metabolism, and skeletal muscle
lactic dehydrogenase isoenzyme distribution may be
important determinants.?"!

Work economy, or C, is referred to as the ratio
between work output and oxygen cost. Conley and
Krahenbuhl? and Helgerud™”! have shown inter-
individual variations in gross oxygen cost of activity
at a standard running velocity. The causes of this
variability are not well understood, but it seems
likely that anatomical trait, mechanical skill, neuro-
muscular skill and storage of elastic energy are
important.l?”! Running economy is commonly de-
fined as the steady state VO in mL/kg « m at a
standard velocity®*3°! or as energy cost of running
per metre (mL/kg o m).[8:24401

There is some evidence that there are differences
in physiological demands on attackers, midfielders
and defenders, based on a presumption of higher
endurance demands on the more active midfield
position. Several studies have concluded that mid-
field players have higher VO2max values when ex-
pressed per kilogram of bodyweight.[*1341 As de-
fenders might be consistently heavier than midfield
players or forwards, as found by Davis et al.l'3 and
Bangsbo,* they would be underestimated using the
traditional expression, mL/kg ¢ min.*?l Compari-
sons of VO2max using the traditional expression mL/
kg e min are both very routine and functionally
imprecise. The oxygen cost of running at a standard
velocity does not increase in direct proportion to
body mass (mp). Similarly, VO2max does not in-
crease in direct proportion to mp. #4243 Dimension-
al scaling of geometrically similar individuals sug-
gests that the cross-sectional area of the aorta will
increase in proportion to the square of height (L2),
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while mp is dependent on body volume, which var-
ies according to L3.'81 Consequently, VO2max
should be proportional to mp raised to the power of
0.67 (mp0-67). This dimensional scaling approach
was supported by Bergh et al.*3! who found that
VO2max relative to mp raised to the power of 0.75
was most indicative of performance capacity when
running. It should be reasonable to expect about 70
mL/kg « min for a 75kg male, or about 205 mL/
kg0.75 « min.[*? In terms of scaling, this goal repre-
sents 72.6 mL/kg « min for a 65kg player and 67.8
mL/kg « min for an 85kg player.

Some authors have argued that anaerobic fitness
differentiates better than aerobic endurance between
standards of player.'>* However, because a soccer
match lasts 90 minutes, approximately 98% of the
total energy is derived from aerobic metabolism,
with the remaining 2% generated from anaerobic
processes.!'8 It should also be pointed out that no
proper measurements exist to determine anaerobic
capacity, and anaerobic power is determined indi-
rectly by maximal short-term exercise.l! Based on
60 seconds of repeated jumping, Bosco!“®! and Reil-
1y™! found that soccer players developed an anaer-
obic performance of 23-27 W/kg, intermediate be-
tween sprinters and skaters on the one hand and
endurance runners and cross-country skiers on the
other. These values are in line with a stair-run
test.*”] Di Prampero et al.[*®! found values for soccer
players that were 5-15% lower than for middle-
distance runners and sprinters. On the other hand,
Withers et al.l*! reported that soccer players had
values about 20% higher than basketball players,
walkers and runners. Similarly, Hungarian elite soc-
cer players had a 15-30% higher level of anaerobic
power than an age-matched control group.'”) One
problem with such measurements is their limited
relevance to the sprinting and explosive movements
of soccer. Anaerobic performance evaluation in
terms of soccer-specific field tests might be the best
way to test soccer players.’% Recent studies have
yielded blood lactate concentrations of 4—6 mmol/L
throughout play.[*! These values do not, however,
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suggest that there is sufficient accumulation of lac-
tate to tax buffering mechanisms seriously.[*!]

3. Exercise Stroke Volume of the Heart

Soccer training leading to mean VO2max levels in
elite soccer players of between 55 and 67 mL/kg
min are normally a result of variations in soccer
play, running, exercise bouts like ‘doggies’ (series
of short sprints) or other variations of aerobic/anaer-
obic work bouts. Analyses of which elements in
oxygen transport limit aerobic endurance have re-
cently revealed differences between trained and un-
trained study participants. Trained individuals are
primarily limited by the heart’s ability to pump
blood, i.e. cardiac output.’>33! The stroke volume of
the heart can be twice as high in a trained athlete
compared with a sedentary person. Although re-
searchers agree that stroke volume increases as work
rates increase up to around 50% of VO2max, reports
about what happens after that point differ widely. In
most textbooks, stroke volume and heart frequency
are described as increasing linearly during upright
increased work rates until about 50% of VO2max,
where stroke volume reaches a plateau or increases
only modestly in both trained and sedentary study
participants.’*>! However, several other studies
have shown that stroke volume continues to increase
beyond that rate.[36>7)

A recent study by Zhou et al.’® has addressed
this disagreement concerning stroke volume. They
found that stroke volume increased continuously
with increased workload up to VOzmax in well-
trained study participants. However, in sedentary
and moderately-trained study participants, the class-
ical levelling off was found. The increased stroke
volume up to the level of VO2max in trained athletes
has been the rationale behind using high-intensity
aerobic training intervention in our endurance train-
ing. A soccer player is able to maintain repetitive
bouts at this intensity level for 3-8 minutes. As this
intensity far exceeds LT, increased lactate levels are
observed, which have to be reduced between each
work period. This is the rationale behind introducing
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breaks of approximately 3 minutes between the ex-
ercise bouts at an intensity level of 60-70% of
HRmax, which has been shown to reduce blood
lactate at the highest rate.[!

4. Endurance Training in Soccer

Intermittent exercise at 90-95% of HRmax for
3-8 minutes involves a major load on the oxygen-
transporting organs. When training at this intensity,
the improvement in VO2max ranges from 10-30%
within an 8- to 10-week training period, with indi-
vidual variations due to initial level of fitness, dura-
tion and frequency of training.[®606!1 When training
at low intensity at 60—80% of HRmax, only a 5-10%
increase in VO2max has been observed in previously
sedentary study participants.[60-62]

Intermittent work for less than 2 minutes where
part of the time is spent at low work intensity or
standing still, as seen in soccer play, will overesti-
mate VO2 based on HR measurements compared
with longer work periods. During the first 1-2 min-
utes there is an oxygen deficit due to the adjustment
of respiration and circulation, and especially stroke
volume, to exercise. The attainment of this state
coincides with the adaptation of cardiac output, HR
and pulmonary ventilation.!'8! It has been shown
experimentally that cardiac output attains its highest
values at a load that produces VO2max.57-%! It
should be emphasised that the maximal stroke vol-
ume is attained during, and not after, exercise. It is a
misconception that the advantage of interval train-
ing is that frequent recovery periods per se should
produce effective training of the central circula-
tion.'8! When exercising at intensities higher than
eliciting VOomax, the VO as well as the cardiac
output and stroke volume may even reach lower
values than at a slightly lower work rate. There is no
evidence to support the assumption that it is impor-
tant to engage the anaerobic processes to an extreme
degree in order to train the aerobic motor pow-
er.'8631 At these high intensities, blood lactate con-
centration rises rapidly and exercise tolerance is
compromised.!®¥
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Several studies describe the physiological, tacti-
cal and technical parameters during a soccer match
that characterise players at different levels.[>424430]
Even if these studies show a correlation between
VOomax and these selected parameters, the basic
question is whether this is simply a correlation or a
cause-and-effect phenomenon. Only one interven-
tion study concerning the effect of improving aero-
bic endurance on soccer performance has been re-
ported to date. Our study!® was carried out to evalu-
ate the effects of a training protocol, aimed at
improving aerobic endurance, on soccer perform-
ance. The hypothesis was that increased aerobic
endurance improves distance covered, work intensi-
ty, number of sprints and involvement with the ball
during a soccer match.

Nineteen male elite junior soccer players, aged
18.1 £ 0.8 years, randomly assigned to the training
group (n = 9) and the control group (n = 10) partici-
pated in the study. The specific aerobic training
consisted of interval training, 4 X 4 minutes at
90-95% of HRmax, with a 3-minute intervening jog,
twice a week for 8 weeks. Players were monitored
by video during two matches against the same team,
one before and one after training. In the training
group, VO2max increased from 58.1 + 4.5 to 64.3 =
3.9 mL/kg e min; LT improved from 47.8 = 5.3 to
55.4 £4.1 mL/kg  min; running economy improved
by 7%; distance covered during a match increased
by 20%; the number of sprints increased by 100%;
the number of involvements with the ball increased
by 24%; and the average work intensity during a
match, measured as the HRmax percentage, was en-
hanced from 82.7 £ 3.4 to 85.6 = 3.1%. No changes
were found in maximal vertical jumping height,
strength, speed, kicking velocity, kicking precision
or quality of passes after the training period. The
control group conducting conventional training
showed no changes in any of the variables tested. It
was thus concluded that enhanced aerobic endur-
ance in soccer players improved soccer performance
by increasing the distance covered, enhancing work
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intensity, the number of sprints and involvement
with the ball during a match.

The training group showed an improvement in
LT in absolute terms, although not relative to
VO2max. In studies using the present LT procedure,
well-trained long-distance runners have LT at about
85% VO2max.#9! This is in line with the present
results for soccer players. The training protocol used
in this study was not specifically designed to im-
prove LT. Such a training regime would normally
imply the utilisation of a work intensity of between
85 to 90% of HRmax.12! Improvements in VO2max
are, however, normally accompanied by improved
LT. The improvement in LT is therefore a result of
the change in VO2max and running economy. The
training group spent 19 minutes more than the con-
trol group in the high-intensity zone (>90% of
HRmax). This is probably due to increased VO2max
in the training group since the fractional utilisation
of VO2max has been shown to be partly dependent
on the state of training."%! The ability to perform for
a longer period at the same relative exercise intensi-
ty is, however, more a function of sparing of muscle
glycogen. Thus, the amount of glycogen and the
training status of the muscles involved in the exer-
cise are decisive for the maintenance of a specific
relative work intensity. Endurance training in soccer
should thus emphasise improvement in VO2max and,
in turn, improve LT. Running economy was im-
proved by 7% in the training group as a result of the
training protocol. Improved running economy
would, however, be expected on the basis of their
more extensive running during practice compared
with the control group.

Ideally, endurance training for soccer players
should be carried out using the ball. The players
might then additionally develop technical and tacti-
cal skills similar to situations experienced during a
game. Player motivation is also normally thought to
be higher when the ball is used. However, the work
intensity is often reduced when more technical and
tactical elements are involved. Bangsbo et al.lll
showed that playing four against four on a pitch half
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the size of a normal soccer pitch requires higher
work intensity than when the pitch is reduced to one-
third of normal size (figure 1).

In the study by Hoff et al.,l®) the objective was
therefore to determine whether dribbling and small
group play fulfil the criterion of effective endurance
training to improve VO2, namely an exercise inten-
sity of 90-95% of HRmax for periods of 3-5 min-
utes, and, further, whether HR in soccer-specific
training is a valid measure of actual work intensity.
Six well-trained first division soccer players took
part in the study. Players ran along a specially
designed dribbling track (figure 2) as well as partici-
pating in small group play. Laboratory tests were
carried out to establish the relationship between HR
and VO2 while running on a treadmill. Correspond-
ing measurements were made on the soccer field
using a portable system for measuring VO2. Exer-
cise intensity during small group play was 91.3% of
maximal HR or 84.5% of VO2max. Corresponding
values using a dribbling track were 93.5% and
91.7% (figure 1). The major finding from this study
was that specifically designed soccer training fulfils
the criteria for aerobic interval training. Further-
more, HR monitoring is a valid measure of actual
exercise intensity in this type of training mode (fig-

\'lozmaxtreadmill
195
T 185
£
[2]
< 175
3
=~ 165+
(9]
©
£ 1554
3 O Treadmill running
T 1457 A Field test at 95% of HRmax
135 4 W VO, field test
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30 40 50 60 70

VO, (mL/kg/min)

Fig. 1. Correlation between oxygen uptake (\702) and heart rate at
different submaximal velocities during treadmill testing, intensively
coached five-a-side play and dribbling track 4-minute interval train-
ing at 90-95% of maximal heart rate (HRmax) [reproduced from Hoff
et al.,!®! with permission]. VO2max = maximal oxygen uptake.
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Fig. 2. Soccer-specific ‘dribbling track’ for training maximal oxygen uptake. The ball is dribbled in the direction of the arrows, with players
running backwards between points A and B. In the experiments, players run continuously for 4 minutes (reproduced from Hoff et al. 85 with

permission).

ure 1). It should be emphasised that this requires
good organisation, as satisfactory exercise intensity
was not reached during small group play without
active coaching. The fact that players with the high-
est VO2max had the lowest percentage of VO2max
during small group play suggests that the playing
situation designed for this experiment has a ceiling
effect for the development of aerobic endurance.
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Therefore, players with a high VO2max may have to
train on the dribbling track where higher exercise
intensity is more easily achievable, or they may have
to run uphill to achieve the same training response as
players with lower VO2max.

Our suggestion that a 75kg player should have 70
mL/kg  min represents about the same average
VOomax as elite alpine skiers competing for only

Sports Med 2004; 34 (3)
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1-2 minutes. Whether endurance training should be
organised as a playing session, on a dribbling track
or as pure running must be considered by each team.
HR monitoring systems are probably necessary to
control the training intensity and thus to secure
similar developments as in our experiments.

5. Strength and Strength Derivatives:
Acceleration, Jump, Sprints

In the aerobic context of a soccer match, the most
interesting events during a match are represented by
high-intensity work, such as sprints, tackles and
shots. A sprint bout occurs every 90 seconds,®6!
lasting 2—4 seconds.!'%%%71 Sprinting constitutes
1-11% of the total match distance,!%®! correspond-
ing to 0.5-3.0% of effective play time.!"67%°! Defin-
ing sprints as lasting a minimum of 2 seconds, the
number of sprints per player per game was found to
be 6-12 for a good junior team.®! A professional
soccer player performs about 50 turns sustaining
forceful contractions to maintain balance and con-
trol of the ball against defensive pressure during a
game.l"0]

Descriptive normative data for soccer players in
terms of strength, jumps and sprints are sparsely
presented. Different tests have been used for the
evaluation of strength parameters for elite soccer
players. Most studies!!>!>7172 have used isokinetic
equipment with different speeds and joint angles,
making direct comparisons difficult. Muscular pow-
er has traditionally been measured by means of
vertical jumps, and reported values are between 500
and 600mm for elite soccer players.[*+3 One team
frequently participating in the European Champions
League showed an average value of 164 £ 21.8kg in
one repetition maximum (1RM) in free weight half
squats (down to 90 degrees between femur and
tibia), whereas a team performing at a lower level,
but still in the premier league, showed an average
value of 135 *+ 16.2kg. The corresponding jumping
height measured using a Kistler force platform (Kis-
tler AG, Switzerland) determining vertical move-
ment of the centre of gravity was 567 = 66mm and
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531 + 40mm for the two teams, respectively.*?! The
same Champions League team was tested a few
years later showing a similar maximal strength of
165.6 + 24.5kg. The players reported an unsystemat-
ic squat training history. Maximal strength correlat-
ed highly to jump and sprint performance, showing a
vertical jumping height of 564 + 40mm in line with
the findings of Reilly et al.*! and sprint times from
a standing start of 1.82 £ 0.3 seconds, 3.0 £ 0.83
seconds and 4.0 = 0.2 seconds for 10m, 20m and
30m, respectively. The corresponding r-values were
r = 0.78 (p < 0.02) between 1RM and jumping
height, r = 0.94 (p < 0.001) between 1RM and the
10m sprint, and r = 0.71 (p < 0.01) between 1RM
and the 30m sprint.["*! A different team, also partici-
pating in the European Champions League in 2000,
showed an average 1RM in half squats of 115.7
23.1kg and 10m and 20m sprint times of 1.87 £0.06
seconds and 3.13 * 0.10 seconds, respectively.l®!]
Raven et al.'’’! used 1RM bench press to test the
muscle strength of professional soccer players and
reported a mean value of 73 + 4.0kg. Corresponding
bench press values for the Champions League team
and the lower placed team tested by Wislgff et al.[4?]
were 82.7 £ 12.8kg and 77.1 + 16.5kg, respectively.

6. Physiological Considerations for
Strength Training in Soccer Players

A variety of training methods are used in an
effort to increase strength and power, mostly in
sports demanding acceleration and explosive force
development such as sprinting and jumping.
Strength is defined as the integrated result of several
force-producing muscles performing maximally,
either isometrically or dynamically during a single
voluntary effort of a defined task. Typically, maxi-
mal strength is defined in terms of 1RM in a standar-
dised movement, for example the squat exercise.
Power is a product of force and the inverse of time,
i.e. the ability to produce as much force as possible
in the shortest possible time. Research on strength
training is often not conclusive in terms of sports
training practice, often because of differences in
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measurement techniques. Traditionally, much re-
search has been conducted using isometric measures
or isokinetic movements. Both of these techniques
have limited interest in terms of prediction value for
dynamic sports or everyday movements, as for the
example shown by Thorstensson et al.’8! where the
functional improvement of 70% in a IRM squat was
reduced to a 20% representation in maximal static
strength and no representation at all in isokinetic
knee extension.

A muscle’s ability to develop force is dependent
on many different factors, the most common of
which are: initial position, speed of lengthening,
speed of shortening, eccentric initial phase, types of
muscle fibres, number of motor units active at the
same time, cross-sectional area of the muscle, im-
pulse frequency and substrate available for the
muscle exercise.l’”]

The development of training methods has tradi-
tionally been based on specificity principles, and
training is intended to correspond to specificity in
the sport itself in terms of contraction type, contrac-
tion force, movements and velocity.”-78! Principal-
ly, two different mechanisms, muscular hypertrophy
and neural adaptations, are the basis for the develop-
ment of muscular strength.

6.1 Muscular Hypertrophy

Muscular hypertrophy is an effect of strength
training, and there is a connection between the
cross-sectional area of the muscle and its potential
for force development.[”! This increase is associated
with a large increase in the myofibril content of the
fibres.®% During systematic strength training over a
period of time, hypertrophy will be present for all
muscle fibre types. However, several studies show
that the fast-twitch fibres have the greatest hypertro-
phy. 79811

In certain sports, increased bodyweight due to
hypertrophy is not desirable because the athlete will
have to transport a greater mp. In addition, increased
muscle mass does not necessarily increase high ve-
locity strength. Tesch and Larson®?! reported an
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impaired ability to develop torque at high velocity in
bodybuilders compared with a reference group of
competitive weightlifters. The decreased maximal
speed of contraction would result in a greater de-
crease in force at high velocities of the force-veloc-
ity curve. Although changes in the ability to develop
torque at high velocities may be a consequence of
the altered architecture of hypertrophied muscle, it
may be related to velocity specificity. Typically,
bodybuilding includes a great volume of high resis-
tance, slow velocity movement to promote the hy-
pertrophic effect.l®?!

Several methods for developing muscular hyper-
trophy are reported.[®¥ Eight to twelve repetitions in
series with submaximal resistance (60—90% of max-
imal dynamic strength) are often used. The execu-
tion of the motion is rather slow, and the eccentric
phase, in particular, is slow. One goal of using this
training method is to make the muscles totally ex-
hausted. Microruptures might have an anabolic ef-
fect.[®?! An increase in capillary density during train-
ing for hypertrophy is also reported,’®! improving
muscular aerobic capacity. Long-term training for
hypertrophy has been shown to increase
bodyweight.

6.2 Neural Adaptations

Over the last decade, the focus of strength train-
ing has turned to neural adaptations.’”! The term
‘neural adaptations’ is a broad description encom-
passing a number of factors, such as selective activa-
tion of motor units, synchronisation, selective acti-
vation of muscles, ballistic contractions, increased
rate coding (frequency), increased reflex potential,
increased recruitment of motor units and increased
co-contractions of antagonists.[®! A significant part
of the improvement in the ability to lift weights is
due to an increased ability to coordinate other
muscle groups involved in the movement, such as
those that stabilise the body.[®%

To develop maximal force, a muscle is dependent
on as many active motor units as possible. In a
maximal voluntary contraction, the small oxidative
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fibres are recruited first'®! and the fastest glycolytic
fibres are recruited last in the hierarchy. In the early
stages of a training period, an increase in activity of
fast glycolytic fibres is seen with an increased
strength.[”®! The central nervous system recruits
motor units by sending nerve impulses to the motor
neuron. The increased rate coding contributes to an
increased potential for force development.[”®! An
increased activation of the muscle may be due to a
lower threshold of recruitment and an increased rate
coding. These changes are possible explanations for
increased strength.

Behm and Sale!””! suggested two major principles
for maximal neural adaptation. To train the fastest
motor units, which develop the greatest force, one
has to work against high loads (85-95% of 1RM),
which guarantee maximal voluntary contraction.
Maximal advantage would be gained if the move-
ments were trained with a rapid action in addition to
the high resistance. As a method of increasing the
rate of force development, based on neural adapta-
tions, Schmidtbleicher”! suggested dynamic move-
ments with a few repetitions (3—7). The resistance
should range from submaximal to maximal
(85-100% of 1RM), with explosive movements.
This may result in neuromuscular adaptation with
minimal hypertrophy.®”]

Long-term training studies have shown a tempo-
rally faster mobility of the nerve activity after inten-
sive high-resistance training.[®%% Possible mechan-
isms for this are that trained athletes are able to
recruit motor units more quickly, and that the firing
rate is more rapid in trained athletes. The normal
firing frequency is approximately 10-60Hz. An in-
crease in the firing rate to 100Hz may result in a
faster recruitment of the muscle fibres and, there-
fore, a possible shorter time for the maximal
strength to develop.l”!

A great deal of research has documented the
existence of some velocity-specific effects with re-
sistance training (e.g. Behm and Salel””), although
the mechanisms underlying this effect have not been
clearly established. It has been suggested that the
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intent to make a high-speed contraction may be the
most crucial factor in velocity specificity.®®¥ Find-
ings from Almasbakk and Hoff'®”! point to the devel-
opment of coordination as the determining factor in
early velocity-specific strength gains. In addition,
Salel’® suggested that training exercises should sim-
ulate the sport movements as closely as possible in
terms of movement pattern.

Jones and Rutherford® have shown an experi-
mental gain in I1RM of 200%, accompanied only by
a 5% and barely significant hypertrophy. Hoff and
Almasbakk®" showed a 1RM gain of 35% in well-
trained study participants without changes in
bodyweight or muscle size. Hoff et al.’?! showed a
1RM full squat improvement of 13% in World Cup
ski jumpers with no change in bodyweight, demon-
strating that neural adaptations are also present after
early stages of strength training.

In a review, McDonagh and Davies®¥ sum-
marised 11 research reports relating to loads and
repetitions, stating that loads lower than 66% of
1RM gave no increase in strength, even if up to 150
contractions per day were used, while loads greater
than 66% of 1RM increased maximal voluntary
contraction from 0.2 to 2% per day. Furthermore,
loads higher than 66% with as few as 10 repetitions
per day produced a significant increase in strength.
The increases in dynamic strength were greatest
where the heavier loads were used. Dons et al.’4
showed that a load of 80% of 1RM gave a signif-
icant increase in 1RM while a load of 50% of 1RM
did not, even if both groups performed the same
mechanical work each day.

Training adaptations seem to be different for
neural adaptations and hypertrophy. Training for
hypertrophy should emphasise eccentric/concentric
actions with high loads, but with more than six
repetitions.!¥2831 Delayed onset of muscular soreness
appears to trigger hypertrophy, which is the rationa-
le behind the suggested practice in bodybuilding.®?!
Bodybuilders use 10-12 repetitions, where the last
one or two is forced such that the body builder
cannot perform but tries to perform with only the
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necessary assistance. Bodybuilders typically use
short pauses (1-2 minutes) and a minimum of 4-5
sets to achieve complete exhaustion of the muscle
group.

For neural adaptations and hence explosive train-
ing, it is important to stress all motor units, but
especially the high threshold ‘fast-twitch’ motor
units. Nardone et al.®”! have shown that, unlike
Henneman’s size principle with orderly recruitment
of motor units, some high threshold/fast-twitch
motor units fired prior to the slow twitch/low thres-
hold motor units with eccentric training. This points
to training including both eccentric and concentric
contractions. For increases in the rate of force devel-
opment, even higher forces/lower number of repeti-
tions are recommended. Adaptations from this high-
intensity training seem to be a rapid recruitment of
motor units and an increased firing rate of motoneu-
rons compared with untrained study partici-
pants.3%96971 The number of sets in maximum
strength or rate of force development training is
often 3-5, so that one exercise in a training session
typically includes 20 repetitions.” If the goal is to
increase the rate of force development and maximal
strength from neural adaptations without changes in
bodyweight, a training regime of 4-6 repetitions in
3—4 series using the maximal mobilisation of force,
or maximal ‘intended’ velocity in the concentric
phase is recommended.77:79-87.90.91]

Dimensional scaling must also be considered
when evaluating strength measures.*? In two geo-
metrically similar and quantitatively identical indi-
viduals, one may expect all linear dimensions (L) to
be proportional. The length of the arms, the legs and
the individual muscles will have a ratio L: 1, a
cross-sectional area .2 : 1 and a volume ratio L3 : 1.
Since muscular strength is related to muscle cross-
sectional area, and myp varies directly with body
volume, whole body muscular strength measures
will vary in proportion to mp0-67. In practical terms,
this means that strength training goals should not be
given in relation to mp. A training goal of lifting
one’s own bodyweight for bench presses or twice
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bodyweight for half squats is easy for a light individ-
ual but very difficult for a large person. Relative
strength should thus be compared between individu-
als in terms of kg/mp—0-67. Wisgff et al.[*?! suggested
200kg as a reasonable goal in half squats for a 75kg
player. In terms of scaling and similar relative
strength, this goal represents 180kg in half squats for
a 65kg player and 220kg for an 80kg player.
Several authors have pointed to strength differ-
ences between positions in professional teams.P®!
When recalculated, taking allometric scaling into
consideration, these differences normally disappear.

7. Strength Training for Soccer Players

Strength and power share importance with endur-
ance in soccer play. Maximal strength is one basic
quality that influences power performance. An in-
crease in maximal strength is usually connected with
an improvement in relative strength and, therefore,
with improvement of power abilities. A significant
relationship has been observed between 1RM and
acceleration and movement velocity.®®! This maxi-
mal strength/power performance relationship is sup-
ported by jump test results as well as in 30m sprint
results.">?1 By increasing the available force of
muscular contraction in appropriate muscles or
muscle groups, acceleration and speed in skills criti-
cal to soccer such as turning, sprinting and changing
pace may improve.[!l Soccer play is dominated by
acceleration and braking, and Newton’s second law
of motion (F = m e a) establishes that for a given
mass (the player’s bodyweight), acceleration is pro-
portional to force magnitude. This states the close
relationship between force and sprint and jump re-
sults.

Few training intervention studies have been con-
ducted in soccer. Hoff and Helgerud!%! showed that
in soccer players training three times a week for 8
weeks training for neural adaptations (five repeti-
tions in four sets using 85%-+ of 1RM with emphasis
on maximal mobilisation in the concentric action)
gave a half squat 1RM increase from 161 to 215kg
in a group of 8 players. Their rate of force develop-
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ment was at the same time enhanced by 52%. Re-
sults of sprints over 10m improved by 0.08 seconds,
from 1.91 to 1.81, or almost 1m over 10m. Sprint
performance over 40m improved by 0.13 seconds
from 5.68 to 5.65 seconds.

In an intervention in a Champions League team
during preseason, Helgerud et al.[!! used training
for neural adaptation, four repetitions in four series,
loads close to 90% of 1RM and emphasis on maxi-
mal mobilisation of force in the concentric mode.
Over 8 weeks, training twice a week (approximately
15 minutes per session) the players improved their
IRM in half squats from 116 to 176kg. The 10m
sprint result improved from 1.87 to 1.81 seconds —
or more than half a metre over 10m, and the 20m
sprint improved from 3.13 to 3.08 seconds. Jumping
height increased from 57.2 to 60.2cm. No sprint or
jump training was conducted during the training
period except what was inherent in soccer play. As
the post-test had to be carried out the first day after a
2-week hard training camp, the result might have
been even better with recovery.

The suggestion in a paper from 19984’ that a
75kg player should show half squat 1RM values of
200kg is modest and should only be a temporary
goal, as it represents less than the average maximal
strength of a female sprinter running 100m in
11.0-11.5 seconds.

8. Strength Training Effects on
Endurance Performance

The effect of combined strength and endurance
training on physical performance has been a popular
research topic over the last decade. Several studies
have concluded that endurance training inhibits or
interferes with strength development.!'?!-105] Few
studies, however, have examined the impact of
strength training on endurance performance. Hick-
son et al.l'%! reported a 27% increase in parallel
squat 1RM after 10 weeks’ maximal strength train-
ing using squats and three supplementary exercises.
VO2max Was unchanged over the same period, while
short-term endurance (4-8 minutes), measured as
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time to exhaustion for treadmill running and on a
bicycle ergometer, increased by 13% and 11%, re-
spectively. Among individuals with similar VO2max
and/or VOzpeak, work economy and performance
can vary considerably.*®197 Indications that in-
creased strength might have a positive effect on
work economy have been produced by Johnston et
al.l'% and Paavolainen et al.,['%! but multiple train-
ing interventions make cause and effect tracing dif-
ficult. Hoff et al.l!9119-112] performed training inter-
vention experiments showing a direct relationship
between maximal strength training for neural adap-
tations and improved work economy. Oxygen cost
at LT in a cross-country skiing double poling exer-
cise with competitive skiers with a minimum
10-year training record was reduced by 10-27%
with no change in LT or VO2max.

For soccer players, maximal strength training for
neural adaptations has been shown to improve run-
ning economy by 4.7% after a strength training
increase of 1RM of 33.7%.01% There was no change
in bodyweight and no change in LT or VO2max. A
second training intervention experiment(®!! revealed
similar changes. Running economy for soccer play-
ers is 0.75-0.80 mL/kg0.75 « min. The first experi-
ment presented running economy at LT and the
second at a fixed velocity of 11 km/hour at a 5%
inclination. Corresponding values for marathon run-
ners are 0.55-0.65 mL/kg0-75 « min, although tested
at 1.75% inclination.®*®! The performance effect
from the strength intervention gives an adaptation in
terms of running economy that is equivalent to half
the effect that has been shown by Helgerud et al.[®
from improvements in VO2max. The strength train-
ing effects on endurance performance are recently
reviewed.['13]

9. Concurrent Strength and Endurance
Training in Soccer

Several authors have concluded that endurance
training inhibits or interferes with strength develop-
ment. 1011041051141 However, Helgerud et al.!®! dem-
onstrated a substantial gain in VOzmax during an
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8-week intervention with no reduction in sprinting
or jumping abilities. Similarly, maximal strength
training intervention resulting in substantial im-
provements in sprint times and jumping height as
well as running economy showed no reduction in
VO2max or LT.[921001 Ag the physiological responses
depend on quite different biological processes, it is
not logical that strength should inhibit endurance or
vice versa as long as sufficient time and quality of
restitution are available.

One study has been carried out intervening in an
elite soccer team with concurrent high-intensity
long-interval endurance training and maximal
strength training for neural adaptation.l®! Twenty-
one elite soccer players, having recently participated
in the European Champions League, took part in the
study. During an 8-week intervention, VO2max in-
creased from 60.5 + 4.8 to 65.7 £ 5.2 mL/kg  min,
and the half squat 1RM increased from 115.7 £23.1
to 176.4 £ 18.2kg. Also, 10m sprints improved by
0.06 seconds, or more than 0.5m; vertical jumping
height increased significantly by 3cm; and running
economy improved by 4.7%. The overall conclusion
was that there appear to be no negative effects of
carrying out concurrent high-intensity aerobic train-
ing and maximal strength training. To increase per-
formance level, both maximal strength and high-
intensity long-interval training should be included in
pre-season training for top soccer players.

10. Conclusions

The levels of physical performance in profession-
al soccer are moderate compared with several other
sports where physical resources play the same rela-
tive role in explaining performance. A specificity
principle has a stronghold within soccer training and
also within physiological adaptations in soccer. A
logical extension of a specificity principle would
imply that the most effective strength and endurance
training for soccer play is the play itself. The re-
search conducted on training responses clearly
shows that it is not the case, and the relatively
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modest capacities of top-level soccer players point
to the potential for performance enhancement.

Physiological research has developed the training
for VO2max as the most important feature for endur-
ance in soccer play, showing that 3- to 8-minute
intervals at 90-95% of maximal heart frequency
with intervening lactate elimination periods enhance
both aerobic endurance capacity and soccer per-
formance.

Strength training research show that maximal
strength training using high loads (85%+ of 1RM)
and maximal intended velocity in the concentric
action gives high responses on sprints and jumps for
soccer players. The fact that the same training also
enhances aerobic performance through improved
work economy is another important reason for intro-
ducing this type of training. Understanding and
communicating new developments in physiological
research is probably the least of the problems in
terms of changing existing training practices. The
challenge is to ensure that this information is acted
upon by soccer coaches and players.
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