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Abstract

v

We aimed to improve the physical capacity of a
top-level elite football team during its pre-sea-
son by implementing a maximal strength and
high-intensity endurance training program.
21 first league elite football players (20-31yrs,
height 171-194cm, mass 58.8-88.1kg) having
recently participated in the UEFA Champions’
League, took part in the study. Aerobic interval-
training at 90-95% of maximal heart rate and
half-squats strength training with maximum
loads in 4 repetitionsx4 sets were performed
concurrently twice a week for 8 weeks. The play-
ers were not familiar with maximal strength
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training as part of their regular program. Maxi-
mal oxygen uptake (VO,p.) increased 8.6%
(1.7-16.6) (p<0.001), from 60.5 (51.7-67.1) to
65.7 (58.0-74.5) mL - kg~! - min~! whereas half-
squat one repetition maximum increased 51.7%
(13.3-135.3) (p<0.001), from 116 (85-150) to
176 (160-210) kg. The 10-m sprint time also
improved by 0.06s (0.02-0.16) (p<0.001); while
counter movement jump improved 3.0cm (0.1-
6.2) (p<0.001), following the training program.
The concurrent strength and endurance training
program together with regular football training
resulted in considerable improvement of the
players’ physical capacity and so may be success-
fully introduced to elite football players.

Introduction

v

Strength and endurance are important co-deter-
minants of football performance, as they are key
features of physical capacity and main regulators
of important football-specific tasks [21]. Maxi-
mal strength is associated with power produc-
tion, as reflected by the relationship between one
repetition maximum (1RM) in half-squat and
acceleration, movement velocity and jumping
[22,32,36]. On average, short sprints occur every
90s during a football match. Sprints last 2-4s
[4,28], start with a sudden change in running
direction and/or from a running start accentuat-
ing the accelerative component even more [35],
and are almost always shorter than 30m, with
half of them being shorter than 10m [34]. It
should though be noted that the players’ position
influences the extent of sprinting with forwards
sprinting most frequently [30,35]; however,
sprinting constitutes only 1-6% of the total dis-
tance covered during a match or 0.5-3% of the
effective play time [1,4,28]. Nonetheless, such
strength- and power-demanding activities often
comprise the decisive parts of a football match. In

addition, the high-intensity bouts are performed
above the lactate threshold (LT), and depend thus
on anaerobic energy sources [16].

Maximal strength training has also shown to
improve running economy in distance runners
and in non-elite football players [23,33]. Hoff and
Helgerud [23] reported significant improvements
in running economy (RE) of 4.7 % among football
players after a maximal strength training inter-
vention that improved their half-squat 1RM by
33%. No changes were observed in body weight
or maximal oxygen uptake (VOyax)-

It is the player’s aerobic capacity that aids recov-
ery in between the exhaustive power-demanding
sprints and the high-intensity bouts. Moreover,
aerobic capacity and its key factor VO, are
crucial in top-level football to fuel the extensive
running and movement required during a match
[21], during which a player covers 8-12km at an
average intensity of 80-90% of maximal heart
rate (fymax), O close to LT [16]. Increasing VO, max
increases the distance covered during a match
and has also been linked to a corresponding 25%
increase in ball involvements and 100% increase
in number of sprints performed [16].
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As elite football seasons are getting longer and pre-seasons
correspondingly shorter, training programs need focus on
strength and endurance training concurrently, together with
technical and tactical exercises. However, previous studies
have shown that concurrent strength and endurance training
will result in a reduced capacity to develop strength, but will
not affect the magnitude of increase in VOy,.4 [11,19,27]. Oth-
ers have shown that both strength and endurance capabilities
can be attenuated [7,18]. The reduced physiological adapta-
tions typical of single-mode training are also shown on the
hormonal, muscular and molecular level [8,24]. Few data are
available regarding the effect of simultaneous strength and
endurance training that have investigated fit individuals who
are able to tolerate much higher intensity exercise training
programs [18,24].

It has now become apparent that strength and endurance train-
ing requires maximal efforts and high intensity to yield best
effects [17,21]. However, previous interventions have, without
exception, never had access to top international-level football
teams. Coaches at this level are often afraid of negative side
effects from intensive training periods, such as injuries as well as
fatigue and loss of trainability. This study using elite footballers
is necessary as coaches are not willing to transfer the results
from trials using lower level teams.

The main aim of the study was to implement a 2-month con-
current maximal strength training and high aerobic intensity
interval endurance training during the pre-season period to
study if elite footballers achieved similar beneficial adaptations
as previously only reported in groups at a lower performance
level. An improvement in VO,,,, and maximal strength of sim-
ilar magnitude as that attained by Helgerud et al. [16] for youth

players and by Hoff and Helgerud [23] for adult players were
hypothesised. Secondary aims of this study were to report any
negative side effects from intensive training periods and
present normative physiological data on professional elite foot-
ball players.

Materials and Methods

v

Subjects

21 male elite football players from their premier league took
part in the study. They had successfully competed in the UEFA
Champions’ League tournament in the preceding year. A non-
controlled study was conducted introducing strength and endur-
ance training intervention twice weekly over an 8-week period.
The players were full-time professional football players and
trained on a daily basis. Intervening in a team at this level pre-
sented a constitutional problem, because the team management
did not permit randomisation. Also, a control group outside the
football team was neither feasible nor appropriate, as such a
group would not be comparable to the professional players and
nor would they receive the same attention from the team man-
agement during the intervention period, as the team proceeded
with its regular seasonal training program with the addition of
this intervention. Thus a one-group pretest — posttest design
was used. The players’ physical characteristics are presented
in © Table 1. Each subject reviewed and signed consent forms
approved by the Human Research Review Committee prior to
entering the study. The study has also been performed in accord-
ance with the ethical standards of the International Journal of
Sports Medicine [13].

Table 1 Physical characteristics, maximal oxygen uptake and running economy of the players, pre- and post-testing.
Subject Age Height Mass (kg) VO, max CR11km-h’ femax RER
(yrs) (cm) (mL-kg™®7>-m™")  (beats-min~")
L-min~! mL-kg”'-min™"  mL-kg™%7-min"’

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post  Pre Post
1 26 189 87.6 87.0 5.60 6.48 63.9 74.5 196 228 0.91 0.84 190 188 1.12 1.14
2 24 182 774 77.5 469 5.10 60.6 65.8 180 195 0.85 0.78 200 197 1.08 1.10
3 25 184 77.6  78.1 447 4.64 57.6 59.4 171 177 0.89 0.85 200 198 1.15 1.13
4 26 190 88.0 88.1 5.69 6.06 64.7 68.8 198 211 0.85 0.80 190 192 1.17 1.19
5 26 173 58.8 60.1 3.92 4.26 66.7 70.9 185 197 0.80 0.77 210 208 1.12 1.10
6 20 171 68.0 70.1 452  5.07 66.5 72.3 191 209 0.79 0.78 206 202 1.07 1.10
7 24 187 78.7 82.0 426 4.85 54.1 59.1 161 178 0.84 0.78 210 206 1.09 1.13
8 23 183 72.6 749 447 4.88 61.6 65.2 157 154 0.86 0.84 197 200 1.15 1.13
9 26 185 809 81.8 543 5.65 67.1 69.1 201 208 0.88 0.83 178 176 1.18 1.19
10 24 188 772 782 417 4.88 54.0 62.4 160 186 0.85 0.80 210 208 1.06 1.08
11 23 183 80.8 83.5 5.17 5.63 64.0 67.4 192 204 0.86 0.82 200 202 1.1 1.14
12 23 194 70.0 71.8 414 478 59.1 66.6 171 194 0.86 0.82 204 200 1.17 1.15
13 24 187 83.7 825 4.65 4.97 55.6 60.2 168 182 0.86 0.85 185 187 1.09 1.14
14 26 188 87.3 88.8 475 5.41 54.4 60.9 166 187 0.83 0.82 198 195 1.20 1.17
15 31 183 86.0 84.7 445 491 51.7 58.0 149 151 0.81 0.82 182 180 1.10 1.13
16 23 181 79.1  81.1 462 4.82 58.4 59.4 174 178 0.87 0.84 195 197 1.15 1.17
17 20 185 757 775 460 4.96 60.8 64.0 179 190 0.83 0.81 206 204 1.13 1.10
18 27 176 71.0 712 466 5.15 65.6 72.3 191 210 0.84 0.80 200 202 1.11 1.15
19 23 183 76.5 78.5 5.05 5.80 65.8 73.9 195 220 0.91 0.88 197 193 1.07 1.12
20 31 186 86.1 844 5.24 5.68 60.9 67.3 185 204 0.86 0.82 206 203 1.12 1.11
21 29 184 82.8 857 483 537 58.3 62.7 176 191 0.86 0.83 196 197 1.14 1.8
average 25 184 784 79.4* 473 521* 605 65.7* 178 193* 0.85 0.82* 198 197 1.12 1.14
min 20 171 58.8 60.1 3.92 421 51.7 58.0 149 151 0.79 0.77 178 176 1.06 1.08
max 31 194 88.0 88.8 5.69 6.48 67.1 74.5 201 228 0.91 0.88 210 208 1.20 1.19

VO,max: Maximal oxygen uptake; CR: running economy; femax : maximal heart rate; RER: respiratory exchange ratio at VO,

Differences between pre- and post-tests: *, p<0.001
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Testing

After a 20min thorough warm-up at approximately 50-60% of
VOymax @ 20-m sprint test was performed on an indoor parquet-
covered sports field, with photocells (Brower Timing Systems,
Draper, UT, USA) 1m above the ground that recorded the time
taken. Each subject ran 2 sprint trials, separated by 5 min of rest,
with the best result used in the analysis. The players self-started
from a static position with one foot on the starting line, and with
the time being recorded from when the photocell beam was
intercepted by the trunk. The magnitude of test-retest error for
10 m sprinting has been reported as 0.02s or <1%[12].
Counter movement jump (CMJ) was measured 5min later on a
force platform (Kistler, Winterthur, Switzerland) using Bioware
software, and was determined as the centre of mass displace-
ment calculated from body mass-corrected force development.
The best jump from 3 attempts was recorded. A 2 min rest period
was allowed between efforts. Hands were placed on the hips
during the jump tests. The repeatability of the CMJ has been
reported with a coefficient of variation of 1.6% [9]. 5min later,
maximal strength was measured by a half-squat 1RM (90° knee
joint between femur and tibia), with competition standard
Olympic style bars and weights (T-100G, Eleiko, Halmstad, Swe-
den). Testing was carried out using 5kg increments and 1-2 min
between each trial. 1RM was normally determined using 3-5
trials. The players were familiar with half-squats as part of their
regular strength training programs, although with a much
reduced load (<70% 1RM).

After the sprint, jumping and strength tests, each player warmed
up for 10 additional minutes on a treadmill (Technogym, Run-
race, Italy) at 50-60% of VO, ., after which the treadmill speed
was increased to 11km - h™! and kept there for 5 min. The aver-
age oxygen uptake (VO,) between 4.0 and 4.5 min was used to
calculate running economy (CR), as outlined previously [15]. The
speed of the treadmill was then increased by 1km-h~! every
minute to a level that brought the subject to exhaustion within
5-6min. Inclination was kept constant at 5.5% throughout the
treadmill test. The average of the 3 highest 10-s measurements
determined VO, When a respiratory exchange ratio (RER)
above 1.05 was present [3]. Immediately after the VO,,,,, deter-
mination, each subject ran for 2min at an exercise intensity of
50-60% of VO, .y directly followed by another maximal inten-
sity run, resulting in exhaustion after ~3 min. The highest heart
rate (f.) throughout the test was recorded as f.,.x. Heart rate was
measured with short-range radio telemetry (Polar Accurex Plus,
Polar Electro, Kempele, Finland). VO,, minute ventilation (Vg)
and breathing frequency (f,) were measured using a Cortex Met-
amax II (Cortex, Leipzig, Germany), which previously had been
validated [25]. We routinely test VO, . after the strength tests
and find similar VO,,,x as when performing the treadmill test
on a separate day (unpublished observations).

Training protocol

After a 10-min warm-up, the aerobic training intervention con-
sisted of interval training, comprising of 4x4 min running on a
treadmill (5.5% inclination) at 90-95% of f.,.x for each player,
separated by 3-min periods jogging at 50-60% of f .. After a
15-min break, subjects performed the maximal strength train-
ing. This consisted of 4-repetition maximum of half-squats (90°
knee joint angle) using a bar and weights in 4 series with empha-
sis on maximal mobilisation in the concentric phase. If 5 repeti-
tions were managed the load was increased. Players had a 3-min
rest between each series. The training sessions lasted 1h in total.

Training & Testing -

Table 2 Overview football training in pre-season of elite professional players.
Average hours training per week and (intensity in % of maximal heart rate).

warm up 2.5h (60-80)
stretching 1.5h
endurance running 1.5h (90-95)
small sided games 2.5h (85-90)
technical training 2.0h (60-70)
strength training 1.0h
match play 1.5h (85-90)
total 12.5h

The players were familiar with treadmill running and strength
training as part of their regular training programs, although pre-
viously it had been carried out at lower intensities and loads.
The training protocol was administered twice weekly in the
mornings over an 8-week period during the pre-season. A regu-
lar week of football training consisted of six 1.5-h practice ses-
sions plus a match, in which the emphasis was on technical and
tactical match-like situations; a total of 12.5h training per week
was carried out (¢ Table 2). The compliance rate of 80% was the
criteria for completion of the study. Training attendance, as well
as any negative side effects during the training period, such as
injury, fatigue or loss of trainability was recorded by the team’s
physical therapists. 2 players did not perform the pre-test, and 2
other players did not perform post-test due to illness not related
to training. These players are not included in the material.

Allometric scaling

Comparisons between athletes’ VO,,.x and 1RM are often made
in terms of absolute measures (L - min~!, kg) or relative to body
weight (mL - kg™ - min™! for VO,,. or kg - kg bw™! for 1RM,
respectively) both of which may be functionally imprecise, espe-
cially if body mass differs or changes during the course of the
study [6,14,15]. Neither the oxygen cost of running at a stand-
ard velocity nor strength (1RM) increase in direct proportion to
body mass in trained individuals. Dimensional scaling suggests
that comparisons between a small and a bigger individual should
be expressed by kg body weight raised to the power of 0.67, as
mL - kg™%67 . min~! or kg - kg bw~%67 [14]. Based on descriptive
data [3,6,15], comparisons of VO,,.x should be expressed rela-
tive to body mass raised to the power of 0.75 when running. If
dimensional scaling is not used, discussions of relative strength
and endurance would underestimate the big athlete and overes-
timate the small athlete [37].

Statistical analyses

Data are presented as individual results with mean (min-max)
values. Student’s t-test was used to determine changes from pre-
to post-test. Pearson’s product-moment correlation coefficient
was used to determine the relationships between selected
parameters. P<0.05 was considered statistically significant. The
number of subjects whose improvements remained below the
coefficient of variance (CV) for each given dependent variable
was calculated. The relationship between VO,;,,, maximal
strength and body mass was evaluated using linear regression
analyses (log-log plots). Statistical power was estimated using
nQuery Advisor software (Version 3.0, Statistical Solutions, Cork,
Ireland). Given the standard deviation in repeated determination
of VOymax [3] the number of subjects studied permitted detec-
tion of a 2.7 % difference between pre- and post-training (p=0.05,
power=0.90).
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Results

v

Both VOyp.x (ML - kg™! - min~') and maximal strength (squat
1RM, kg) improved by 8.6% (1.7-16.6) (p<0.001) and 51.7%
(13.3-135.3) (p<0.001), respectively, during the training period
(c Table1, 3). Body mass increased by 1.0kg (-1.8-3.3)
(p<0.01).

If 3 goalkeepers are excluded, the mean VO,,., after training
was 5.27 (4.26-6.48) L- min~! or 66.5 (59.4-75.5) mL- kg~! -
min~!. At 11km - h™' fixed speed, CR improved by 3.5% (-1.2—-
7.7), from 0.85 (0.79-0.91) mL- kg™%7> . m™! at pre-test to 0.82
(0.77-0.88) mL- kg %7> . m~! at post-test, whereas average f,
decreased from 178 (154-192) to 170 (148-189) beats - min~!
(p<0.001). Respiratory exchange ratio (RER) decreased from
1.02 (0.95-1.14) to 0.97 (0.90-1.09, p<0.001) and Vi decreased
from 109.4(75.8-136.4) t0 102.7 (78.8-130.8) L- min~! (p<0.05)
during the experimental period. CM] and 10-m and 20-m sprint
times improved following training on average by 5.2% (0.2-12.3),
3.2% (1.1-8.8) and 1.6% (0.0-4.0), (p<0.001), respectively
(© Table 3). The number of subjects that remained below the CV
for the improvements were in VOy,.,: 3, 1RM: 1, CR: 4, CM]: 6,
10-m and 20-m sprint times: 6.

VO,max (L- min~1) did not increase proportionally to body mass
in this sample of football players. The exponent was found to be
significantly less than unity, and the value was 0.70 (r=0.66,
p<0.001) for VOymax. Squat 1RM correlated significantly with
10-m sprint time both pre- and post-training period (r=-0.51
and r=-0.46, p<0.05, respectively). However, there was no lin-
ear relationship between the changes in 1RM and the changes in
10-m sprint time in the present study.

The physical therapists did not report any negative side effects
from the 8 weeks intensive training period. However, the day

before the post-test, the team returned from a 2-week pre-sea-
son training camp that included 1 or 2 training sessions each day
and 2 matches. The players complained of stiff legs after return-
ing from the training camp.

Discussion

v

The strength and endurance training intervention together with
the regular football training led to considerable improvements
in strength and endurance capacity, of a similar magnitude as
previously reported with separate strength and endurance
interventions [16,23]. The training effects in elite football play-
ers are of a similar magnitude as for lower level football players.
However, due to the non-controlled design of the present study
it descriptively reports changes in endurance and strength over
a pre-season period. On the other hand it is an explicit trial in
the exceptional population of professional elite football players.
The change in squat strength from a position with 90° between
femur and tibialis was on average 61kg (20-115) following
8 weeks of training (16 training sessions). The strength improve-
ment from these sessions of 4 x4 repetitions using 85+ % of 1RM
with emphasis on maximal mobilisation of force in the concen-
tric phase, was similar to that found in a group of lower level
football players [23]. The average strength improvement of 52 %
(13-135) took place with only an average of 1kg (-1.8-3.3)
change in body weight, supporting the neural adaptation theory
[2,5,20,22,31]. Football play is dominated by acceleration and
braking, and Newton’s second law of motion (F=m - a) estab-
lishes that for a given mass (the player’s bodyweight), accelera-
tion is proportional to force magnitude. This states the
relationship between force and sprint and jump results. A sub-

Table 3 Maximal strength, vertical jumping height, and sprint tests of the players, pre- and post-testing.

Subject 1RM CM] Sprint
(kg) (kg-m,~") (kg-m;, %) (cm) 10m (s) 20m (s)
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 110 170 1.3 2.0 5.5 8.5 58.0 60.8 1.90 1.85 3.20 3.15
2 150 170 1.9 2.2 8.1 9.2 50.5 53.2 1.91 1.86 3.14 3.13
3 100 170 1.3 2.2 5.4 9.2 56.3 58.6 1.95 1.92 3.29 3.23
4 150 175 1.7 2.0 7.5 8.7 54.9 56.3 1.77 1.75 2.97 2.95
5 90 160 1.5 2.7 5.9 10.3 55.0 61.2 1.96 1.91 3.29 3.23
6 120 160 1.8 2.3 7.1 9.3 51.1 52.5 1.88 1.85 3.16 3.12
7 120 190 1.5 2.3 6.4 9.9 66.9 71.6 1.92 1.87 3.20 3.11
8 125 200 1.7 2.7 7.1 11.1 62.2 62.3 1.73 1.69 2.99 2.96
9 120 160 1.5 2.0 6.3 8.4 49.2 54.9 1.89 1.85 3.15 3.12
10 130 180 1.7 2.3 7.1 9.7 65.2 67.2 1.90 1.82 3.11 2.99
11 110 180 1.4 2.2 5.8 9.3 53.6 54.1 1.83 1.80 3.10 3.10
12 120 170 1.7 2.4 7.0 9.7 59.0 64.6 1.94 1.79 3.22 3.07
13 150 190 1.8 2.3 7.7 9.9 59.6 63.1 1.78 1.67 2.90 2.90
14 110 210 1.3 2.4 5.5 10.4 58.4 61.8 1.87 1.80 3.21 3.17
15 90 160 1.1 1.9 4.6 8.2 50.5 56.7 1.96 1.93 3.29 3.22
16 140 200 1.8 2.5 7.5 10.5 61.2 61.5 1.81 1.71 3.10 3.06
17 100 160 1.3 2.1 5.5 8.7 55.6 59.5 1.95 1.86 3.16 3.05
18 85 200 1.0 2.8 4.0 11.5 57.4 59.0 1.85 1.79 3.05 2.96
19 90 160 1.2 2.0 4.9 8.6 54.0 57.4 1.90 1.84 3.21 3.17
20 110 180 1.3 2.1 5.6 9.2 62.0 64.2 1.84 1.81 3.05 2.98
21 110 160 1.3 1.9 5.7 8.1 60.0 64.5 1.81 1.65 3.02 2.91
average 116 176* 1.5 2.2* 6.3 9.4* 57.2 60.2* 1.87 1.81* 3.13 3.08*
min 85 160 1.0 1.9 4.0 8.1 49.2 52.5 1.73 1.65 2.90 2.90
max 150 210 1.4 2.8 8.1 11.5 66.9 71.6 1.96 1.93 3.23 3.23

1RM: one repetition maximum half squat; my,: body mass; CM|: counter movement jump; Differences between pre- and post-tests: *, p<0.001
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stantial increase in strength per kg body weight would thus be
expected to increase acceleration.

The results showed a significant improvement in CM]J of 3.0cm
(0.1-6.2) or 5.2% (0.2-10.8), in line with results from a similar
intervention with World-Cup ski jumpers [22]. It is important to
note that no specific jumping height training was carried out,
except that implicit in the football play. Commonly used plyo-
metrics show no comparable development in intervention
experiments [26]. Similarly, highly significant improvements in
10-m and 20-m sprint times were found, and there was a sig-
nificant correlation between squat 1RM and 10-m sprint time in
line with previous studies [32,36]. No specific sprint training
was carried out during the intervention period other than what
was implicit in football play. These improvements in 10-m have
obvious practical implications in match play.

As a result of the pre-season training, CR improved on average by
3.5% (-1.2-7.7). This is in line with a previous study that dem-
onstrated an average 4.7% improvement in CR after a training
intervention that involved maximal strength squat training 3
times a week for 8 weeks. This was with football players at a
lower performance level than in the present study [23].

A study using a similar endurance training program to that
which has been used improved CR by 6.7% in 18-year-old foot-
ball players [16]. The improvement in CR in that study can not be
the simple result of substrate shift arising from improved endur-
ance, but a result of more running practice. This is well illus-
trated in a study by Helgerud et al. [17]. In that study, all training
groups improved CR the same, independent of changes in VO, .
However, separate interventions seem to yield higher improve-
ments in CR than the combined intervention in the present
experiment.

An explanation for this might lie in a possible negative interac-
tion of the 2 interventions. Although a more likely explanation is
that the day before the post-test, the team returned from a
2-week pre-season training camp and the players complained of
stiff legs, which normally influences high-velocity performance
the most. However, a lack of control over some aspects of the
intervention is the cost when studying elite football players.
The average 8.6% improvement in VO, . is in line with a previ-
ous study in which a similar endurance training program
improved VO,y.¢ by 10.8%, in 18-year-old football players [16].
Those subjects did not perform any strength training; thus,
development of VO,,.x does not seem to be compromised by the
maximal strength training carried out in the same training ses-
sion over an extended period of time. This is also in line with
previous studies that report the only negative interference effect
is areduced capacity to develop strength when training strength
and endurance concurrently [11,27]. However, others have
clearly shown an interference effect at both whole body adapta-
tions and molecular level [7,8,18,19,24]. Kraemer et al.’s [24]
concluding remark is that the observed incompatibility of
strength and endurance training may be due, at least in part, to
some type of overtraining. Since the subjects in the present
study are fitter than in the referred studies, they should be able
to tolerate much higher intensity exercise training programs
[18,19,24]. But the possibility of overtraining warrants further
investigation.

Although data so far are sparse at the present fitness precondi-
tions, it is tempting to suggest that concurrent maximal strength
and endurance training may successfully be implemented in
elite football players. It should be noted that the present improve-
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ments occurred despite the current players starting with a high
initial VO,,,x before the intervention, and they were at a far
higher performance level than the above mentioned 18-year-old
players [16]. The training intervention took place after a 3-week
break after the termination of the previous season. During the
break, the players had been carrying out voluntary endurance
training to maintain capacity. The pre-test values were similar to
other reports of players at this level of performance at this stage
of the season [10,21,29]. If the goalkeepers are taken out of the
analyses, the average VO« for this group is 66.5mL- kg™! -
min~! at the post-test. Only one previous study has reported
higher values than this for an elite football team [37]. Hoff and
Helgerud [21] proposed that short term future development of
football will exceed today’s level of fitness and bring average
team values up to 70mL- kg~! - min~! (VO,.4) and 200 kg (half-
squat 1RM).

Limitations of the Study

v

Due to the uncontrolled nature of the present study, it can only
be descriptive and thus report changes in endurance and
strength or any negative side effects over a pre-season training
period. Unfortunately, this design does not allow us to say why
the subjects improved. Certainly, it could be due to the treat-
ment, but it could also be due to other factors. On the other hand
the data is novel and we do believe that researchers and coaches
may benefit from a set of data based on elite football players.

Conclusions

v

During 8 weeks of concurrent maximal strength and high-inten-
sity endurance training together with regular football training,
this elite-level professional team achieved similar beneficial
adaptations as previously only reported in groups at a consider-
ably lower performance level.

After the training intervention, test results were equivalent to
the highest values reported in the literature for a football team in
terms of VO,n.x and squat 1RM. Thus, rigorous training inter-
ventions for maximal strength and aerobic endurance may suc-
cessfully be implemented in the pre-season training schedule
for top-level football teams.
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