
Introduction

Aerobic fitness is important for soccer players. A high maximal
aerobic power (V̇O2max) has been correlated with work-rate dur-
ing a game and a high aerobic capacity is reported to aid recovery
during high-intensity intermittent exercise, typical of soccer per-
formance and training [35]. Furthermore, an increase in the ca-
pacity of the oxygen transport system leads to a higher aerobic
contribution to the energy expended, taxing the anaerobic en-

ergy system less and, consequently, reducing fatigue through
sparing glycogen and preventing the decrease of muscle pH
[5,6,8,10,41]. The relevance of aerobic fitness for soccer players
has been also confirmed by some studies showing a relationship
between aerobic power and competitive ranking, team level, and
distance covered during the match [1,13,27,39,45]. For these
reasons, soccer training programmes commonly include aerobic
conditioning.
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The aim of this study was to compare the effects of specific
(small-sided games) vs. generic (running) aerobic interval train-
ing on physical fitness and objective measures of match perfor-
mance in soccer. Forty junior players were randomly assigned to
either generic (n = 20) or specific (n = 20) interval training con-
sisting of 4 bouts of 4min at 90–95% of maximum heart rate
with 3min active rest periods, completed twice a week. The fol-
lowing outcomes were measured at baseline (Pre), after 4 weeks
of pre-season training (Mid), and after a further 8 weeks of train-
ing during the regular season (Post): maximum oxygen uptake,
lactate threshold (Tlac), running economy at Tlac, a soccer-
specific endurance test (Ekblom’s circuit), and indices of physical
performance during soccer matches (total distance and time
spent standing, walking, and at low- and high-intensity running

speed). Training load, as quantified by heart rate and rating of
perceived exertion, was recorded during all training sessions
and was similar between groups. There were significant im-
provements in aerobic fitness and match performance in both
groups of soccer players, especially in response to the first 4
weeks of pre-season training. However, no significant differences
between specific and generic aerobic interval training were
found in any of the measured variables including soccer specific
tests. The results of this study showed that both small-sided
games and running are equally effective modes of aerobic inter-
val training in junior soccer players.
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The importance of aerobic training in soccer has been recently
confirmed by Helgerud and co-workers [22] who trained a group
of junior soccer players twice a week for 8 weeks at the begin-
ning of the competitive season, using a 4 × 4min running interval
training conducted at 90–95% of maximal heart rate (HRmax).
Resting periods between bouts were 3min of active recovery.
After this training intervention V̇O2max, lactate threshold, and
running economy at lactate threshold improved by 11, 16, and
7%, respectively. Similarly, the distance covered during a match
increased by 20% and the average exercise intensity during
matches increased by 5%. Furthermore, the number of sprints
doubled and involvements with the ball during a match in-
creased by 23%.

Although Helgerud et al. [22] demonstrated the effectiveness of
running interval training, other authors have proposed sport-
specific exercises, such as small-sided games, as an alternative
mode of aerobic training [4,9,11,12,18,37]. Using this training
mode is possible to reach exercise intensities within the range
shown by Helgerud et al. [22] to be effective for improving aero-
bic fitness and soccer performance (90–95% of HRmax) [4,23].
Furthermore, small-sided games-based training should ensure
the activation of muscle groups as they are engaged during ac-
tual match-play [4,9,11,12]. Additionally, as technical and tacti-
cal skills are involved and trained in conditions similar to actual
match-play, this sport-specific training should promote an effec-
tive transfer to the competitive environment [43]. For these rea-
sons, the inclusion of small-sided games as part of soccer train-
ing is quite common in soccer clubs at all levels [37].

Despite the growing interest of coaches and sport scientists in
soccer-specific aerobic training, no experimental evidence of its
effectiveness has been reported. Therefore, the aim of this study
was to compare the effects of small-sided drills and running in-
terval training regimens on aerobic fitness and match perfor-
mance in soccer players, with particular attention to the control
of the aerobic training stimulus. We hypothesized that specific
and generic aerobic training were equally effective in improving
V̇O2max and other physiological parameters of aerobic fitness, but
that specific training was superior in enhancing performance in
soccer-specific endurance capacity and actual match-play.

Methods

Subject recruitment and eligibility
Volunteers were recruited among two teams competing in the
same championship (Campionato Berretti) but in different
groups. This championship includes the junior teams of profes-
sional football clubs. No differences in physical fitness level were
found between the two teams (data not shown). In order to be
included in the study subjects had to 1) ensure regular participa-
tion in all the training sessions, 2) have competed regularly dur-
ing the previous competitive season, and 3) possess medical
clearance. Goalkeepers were excluded from the investigation.
The study protocol was approved by the Institutional Review
Board and by the soccer clubs involved. An informed consent
signed by the subjects and by their parents was required prior
to participation in the study.

Study design and randomization
A parallel two-groups, matched, randomized, longitudinal (pre-
test-midtest-posttest) designwas used. It is well established that
the physiological characteristics of soccer players and their phys-
ical performance during the match (total distance and high in-
tensity running) are role-dependent [19]. Furthermore, starter
players could have different training responses compared to
non-starters [10,11]. Therefore, subjects within each team were
matched according to their role (defender, midfielder, and for-
ward) and starter/non-starter condition. Allocation to either the
specific or generic training group within each pair was per-
formed by tossing a coin. The training intervention lasted 18
weeks (from August to December) and consisted of two weeks
of tests (pre-test), four weeks of pre-season training (from Au-
gust to September), two weeks of tests (mid-test, during which
the first two matches of the official season took place), further
eight weeks of training followed by two weeks for testing (post-
test) before the winter break.

Training programmes
During the pre-season summer period, all subjects trained five
days a week performing 1 to 2 training sessions a day (90–
120min per session). Both teams were also involved in pre-sea-
son tournaments consisting of 30-min games. During the regular
competitive season all subjects trained four times a week (from
Monday to Thursday with sessions of 90–120min in duration)
with the official games usually taking place on Saturday. Twice
aweek part of the training sessions was devoted to aerobic inter-
val training consisting of 4 bouts of exercise lasting 4min with
3min active recovery (60–70% of HRmax) as suggested by Helger-
ud et al. [22]. The mode of exercise in the generic training group
(GTG) was running around the regular soccer pitch at an inten-
sity corresponding to 90–95% of HRmax. In the specific training
group (STG) training mode was different small-sided games se-
lected based on previous experience and pilot studies in which
mean exercise intensity responses of traditional drills suggested
by previous authors [4,9] were controlled using HR monitors
[34]. Field dimensions, coach indications, and rules were manip-
ulated in order to determine exercise intensities similar to inter-
val-running criteria. During the small-sided games the ball was
always available by prompt replacement when out. The small-
sided games selected were:
– 3 vs. 3, with goalkeeper, 2–3 ball-touches, 25 × 35m field di-

mension;
– 4 vs. 4, with goalkeeper, 2 ball-touches, 40 × 50m field dimen-

sion;
– 4 vs. 4 and 5 vs. 5 according to Bangsbo (p. 166 and 176 of

reference [9]);
– 4 vs. 4 and 5 vs. 5 according to Bangsbo (p. 52 of reference

[12]);
– 4 vs. 4 and 5 vs. 5 according to Balsom (p. 45 of reference [4]).

To limit confounding variables no strength, power, or plyometric
exerciseswere included in the training sessions during the study.

Aerobic training stimulus control
Aerobic training HR was recorded using short-range telemetry
systems (Vantage NV, XTrainer, S610 and S710 models, Polar,
Kempele, Finland). Heart rate was recorded every 5 s. Recent
studies demonstrated that the HR method provides reasonably
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accurate estimates of aerobic energy production not only in
steady-state conditions but also during intermittent, soccer-
specific exercises [18,20,23]. For between-group comparisons
training-HR data were expressed as percent of HRmax and classi-
fied into five intensity zones: < 80%, 80–85%, 85–90%, 90–95%,
and > 95%. Maximum HR values reached during incremental
treadmill-test at pre-, mid- and post-training were used as refer-
ence for 1 to 4, 5 to 8, and 9 to 12 training weeks, respectively.

Quantification of global training load (training interventions plus
usual soccer training and competitions) was obtained using the
session rating of perceiced exertion (RPE) [25]. This method
quantifies the subjective global training load for each session by
multiplying the training duration (min) by session-RPE using the
CR10-scale [16], and has been recently applied and validated in
soccer [25].

Outcome measures
Before each testing session, subjects were instructed not to eat
for at least three hours before testing, not to drink coffee or bev-
erages containing caffeine for at least eight hours before physical
testing. Players were also asked to follow a nutritional plan de-
veloped to ensure an adequate carbohydrate intake in the week
before testing (∼ 60% of total energy intake). The assessments
were performed at the same time of the day, with operators un-
aware of the subjects’ allocation to the different training modes.
Tests were always performed in the same order: laboratory test,
field test, and match-play analysis.

Aerobic fitness
Lactate threshold and V̇O2max were determined using a two-
phase treadmill incremental protocol similar to that suggested
by Helgerud et al. [22]. After a 10minwarm-up consisting of run-
ning at 9 k ·h–1, the treadmill (RunRace, Technogym, Gambettola,
Italy) speed was increased by 1 km·h–1 every 5min (3% inclina-
tion). According to Helgerud et al. [22], lactate threshold (Tlac)
was considered as the exercise intensity eliciting a 1.5mmol · l–1

increase in blood lactate concentration [La–] above exercise base-
line values (50–60% of V̇O2max). Capillary blood samples were
taken at the end of each 5-min step. Once capillary [La–] was
elevated above 4mmol · l–1, players performed a 6-min active rest
at 9 km·h–1, after which the treadmill speed was increased by
0.5 km·h–1 every 30 s until exhaustion, usually reached within
5–8min. Achievement of V̇O2max was considered as the attain-
ment of the following criteria: a plateau in V̇O2 with increasing
speeds and a respiratory exchange ratio above 1.10. The highest
HR measured during the test was used as maximum reference
value. Running economy (RE) at Tlac was expressed as
ml ·kg–0.75 · m–1 according to Helgerud et al. [22]. Expired gases
were analysed using a breath-by-breath automated gas-analysis
system (VMAX29, Sensormedics, Yorba Linda, CA). Flow, volume,
and gas concentrations were calibrated before each test using
routine procedures. Capillary blood samples (25 µl) were col-
lected from an ear lobe and immediately analyzed using an elec-
troenzymatic technique (YSI® 1500 Sport, Yellow Springs Instru-
ments, Yellow Springs, OH). Before each test the analyzer was
calibrated following the instructions of the manufacturer using
standard lactate solutions of 5, 15, 30mmol · l–1. Heart rate was
recorded every 5 s using HR monitors (VantageNV, Polar Electro,
Kempele, Finland).

The reliability expressed as coefficient of variation of V̇O2max,
Tlac, and running economy has been reported to be about 3, 1.5,
and 2.5% (e.g. [24,38]).

Soccer specific endurance
To obtain ameasure of soccer-specific endurance, the circuit sug-
gested by Ekblom [3] was used. Ekblom’s test consisted of com-
pleting a soccer-specific circuit 4 times as quickly as possible.
The circuit includes several activities typical of soccer perfor-
mance such as changes in direction, jumping, running back-
wards, and lateral running. Before the commencement of the
soccer-specific test, the players underwent 10min of warm-up
consisting of low intensity running. Soccer players were familiar-
ized with the test in the week before the start of the study per-
forming the circuit at low to moderate intensity.

Match performance and intensity
In order to examine the effects of the training interventions on
selectedmatch performance variables [22] match-analyses were
performed. Match-play was monitored during 11-a-side soccer
matches performed by STG against GTG within each team, as
the level of opposing teamsmight influence the physiological de-
mands and activity pattern of competition [19,31]. In fact, the
matching procedures performed in the present study ensured
that the competitive level of the two teams was similar. In order
to further control for influencing match-plays variables, the in-
vestigators asked coaches not to change the tactical play over
the three matches. Players were observed during three matches
played pre-, mid-, and post-training interventions. A total of six
matches, three for each team, were analyzed.

Match-play analysis was performed with a time-motion proce-
dure similar to that used in several descriptive studies by others
[7,13,15,26,27,31,40]. In the original procedure each video cam-
corder filmed only one player. In the present study 20 soccer
players were video-filmed at the same time, using 6 video digital
camcorders (Samsung® and Sony® models) to capture match ac-
tivities. Each half-pitch match activities were video-filmed by
two fixed camcorders with the two remaining camcorders used
for whole-pitch coverage and actions involving the ball, respec-
tively. The videotapes were subsequently downloaded onto a
personal computer hard disk. The videos of each of the two half-
pitches were replayed using commercially available video-edit-
ing software on two 32 inch monitors for computerized coding
of the activity categories according to Mohr et al. [31]. For cate-
gorization purposes, the players were asked to reproduce the ac-
tivity categories along a track of 20m delimited by photocells.
This enabled the individual mean velocity to be determined for
each match activity. Sprints were divided into those below and
above 2 s. Themean speed of the two sprint categorieswas deter-
mined using the speed-time relationship obtained by means of a
radar system (Stalker ATS, Applied Concepts Inc, Plano, TX) dur-
ing 30-m sprints inwhich players wore a reflector to improve ra-
dar data acquisition. The activity categories and their corre-
sponding mean velocities were: standing (0 km·h–1), walking
(including backward and side-ways, 5.2 km·h–1), jogging (in-
cluding low-intensity, sideways and backwards running,
7.6 km ·h–1), low-speed running (10.2 km·h–1), moderate-speed
running (13.9 km·h–1), high-speed running (17.1 km·h–1), run-
ning sprint (26.7 km·h–1), sprints below 2 s (17.8 km·h–1), sprints

Impellizzeri FM et al. Generic vs. Specific Aerobic Training in Soccer … Int J Sports Med

Tra
in

in
g
&

Te
stin

g

3



above 2 s (25.1 km·h–1). In order to facilitate and speed the cod-
ing process, walking time was calculated by subtracting the sum
of time spent in the other match categories from total time. Total
distance covered was calculated by multiplying the time spent in
each category by the corresponding speed and, then, summing
results. The match analysis outcomes selected to verify the effect
of aerobic training on soccer performancewere the total distance
and the time spent in four locomotor categories:
1. standing,
2. walking,
3. low-intensity activity (including jogging and low-intensity

running),
4. high-intensity activity (including moderate-, high-speed run-

ning and sprinting).

The choice of time spent in each category instead of the corre-
sponding calculated distance was made to reduce the estimation
errors that could be higher for the distance relative to each cate-
gory than for the total distance. In fact, Martin et al. [29] investi-
gating the accuracy of the video-based match analysis method
suggested byWithers et al. [46] found that the distances covered
in different locomotor categories were significantly different
from actual values, while time and total distance were similar to
actual values.

The intra-operator reliability expressed as coefficient of variation
for this kind of analysis has been reported to range from 1 to 5%,
with an inter-operator reliability below 4% [15,26,27,31]. As the
incorporation of the activities into the categories was subjective
in nature, to further improve the reliability of the time-motion
analysis performed in the present study we used the mean data
of two operators. These operators were familiarized with this
time-motion analysis methodology before the study and dis-
cussed the interpretation of activity together to limit inter-indi-
vidual differences as much as possible. Eight subjects were ana-
lysed twice and reliability, using Bland & Altman plot analysis,
was calculated from the two operators’ mean values. Results
showed no significant bias and total error ranged from 1.0% for
standing to 4.3% for high-intensity activity.

Exercise intensity during match-play was assessed using HR. Ex-
ercise intensity was expressed as percent of HRmax and classified
in four intensity zones: < 80%, 80–90%, 90–95%, and > 95%. The
maximum HR reached during the laboratory incremental tread-
mill-test was used as reference.

Other measures
The soccer players’ body mass, height, and body composition
were also assessed using standard anthropometric technique.
Before each laboratory session of testing, players completed the
Profile of Moods State questionnaire for the detection of over-
reaching state symptoms and tomeasure the subjective response
to training of the two intervention-groups. The total mood dis-
turbance index (TMD) was determined as the difference between
negative moods (Tension, Depression, Anger, Fatigue, Confusion)
and Vigor scores plus 100 [33].

Statistical analysis
Data are reported as means ± standard deviation (SD). Before us-
ing parametric tests, the assumption of normality was verified

using the Shapiro-Wilk W test. Unpaired t-tests were used to as-
sess differences between drop-outs and subjects included in the
final analysis and between the baseline characteristics of the two
training groups included in the final analysis. A two-way mixed
analysis of variance (ANOVA) was used on each continuous de-
pendent variable. The independent variables included one be-
tween subjects factor, aerobic training intervention, with two
levels (GTG and STG), and one within subject factor, time, with
three levels (pre-test, mid-test, and post-test). For the analysis
of exercise intensity for each match half expressed as % of HRmax,
a three-way ANOVA was used adding a between-subject factor,
half time, with two levels, first and second half. We used these
ANOVAs to test the null hypothesis of no different change over
time between GTG and STG groups (aerobic training intervention
× time interaction) and the null hypothesis of no different change
over time in response to aerobic training intervention (main ef-
fect for time). In addition, for the analysis of exercise intensity for
each match half, these null hypotheses were also tested between
the first and second half. When a significant F-value was found,
Bonferroni’s post hoc test was applied. Differences between
groups in 1) time spent in the selectedHR zones during the train-
ing sessions, 2) TMD, and 3) meanweekly session-RPE were ana-
lysed using unpaired t-tests. Pearson’s product-moment correla-
tions were used to examine the relationships between the time
spent in high intensity activity and the total distance vs. V̇O2max,
between percent changes in V̇O2max and Tlac vs. percent changes
in match performance variables, between Ekblom’s test results
vs. V̇O2max, and between pre-training V̇O2max and absolute V̇O2max

training-induced changes. The mean correlationwas determined
using Fisher r-to-z transformation. The level of statistical signifi-
cance was set at p < 0.05. Statistical analyses were performed us-
ing the software package STATISTICA (version 6.0, StatSoft, Tulsa,
OK, USA).

Results

Subjects
Forty-four subjects were assessed for eligibility but only 40 were
randomly assigned to treatment after screening and matching.
Eleven out of these forty subjects (∼ 30%) were lost to the fol-
low-up or excluded from the final analysis. The flow-chart of par-
ticipants is represented in Fig.1 [30]. Thus, only 29 subjects (age
17.2 ± 0.8 years, body mass 69.1 ± 4.7 kg, height 178.1 ± 5.8 cm,
estimated body fat 8.0 ± 2.1%, soccer experience 9.6 ± 1.5 years)
were included in the final analysis. The baseline anthropometric
and outcome measures of drop-outs were not significantly dif-
ferent from those who completed the study. The proportion of
defenders, midfielders, attackers in GTG (5, 6, and 4, respec-
tively) was not different from STG (5, 5, and 4, respectively). Sim-
ilarly, the proportion of starters and non-starters in GTG (1: 0.66)
was not different from STG (1: 0.75). Playing time was not differ-
ent between groups (data not shown). Body mass and estimated
percent of body fat values did not change significantly from the
start to the end of the study (data not shown).

Aerobic training load
Time spent in training sessions, tournaments, and official
matches during the pre-season and the further 8 training weeks
corresponded to about 2491 and 3979 minutes, respectively.
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During the 4 weeks of pre-season training, players underwent 9
training intervention sessions corresponding to 144min of con-
trolled aerobic training stimulus (6% of total training time). Dur-
ing the 8 weeks of themid-to-post training period, therewere 15
intervention sessions corresponding to about 240min of con-
trolled aerobic training stimulus (7% of total training time).

About 1min was necessary to reach the target exercise intensity
(> 90% of HRmax) as already shown by Hoff et al. [23]. The average
exercise intensity expressed as % of HRmax during the interval-
running sessions was not different from that reached during
small-sided games sessions (90.7 ± 1.2% vs. 91.3 ± 2.2%, respec-
tively). In Fig. 2 the mean training time spent by the two groups
in various intensity zones, including the recovery phases
(3 × 3min), during the 12 weeks of training is presented. No dif-
ferences between groups were found in time spent in the se-
lected HR zones, except for the > 95% of HRmax intensity zone
where STG spent 29.4 s per training session more than GTG.

No significant group differences were found in the mean weekly
training load, determined using the session-RPE method, during
the pre- to mid-training period (3605 ± 210 vs. 3475 ± 249 AU in
GTG and STG, respectively). Similarly, no significant difference
between groups in themeanweekly training load totalled during
the mid- to post-training period was found (2875 ± 335 vs.
2798 ± 322 AU in GTG and STG, respectively). Pre-season mean
weekly training load was significantly higher than that accumu-
lated during the mid- to post-training period for both training
groups.

Total mood disturbance calculated from the POMS before the
three testing sessions showed no difference between groups.
The mean values of TMD in GTG were 105 ± 10, 102 ± 8, 103 ± 7
AU for pre-, mid-, and post-testing session, respectively. The
mean values of TMD in STG were 102 ± 11, 104 ± 9, 102 ± 9 AU for
pre-, mid-, and post-testing session, respectively. None of the
players showed individual changes in TMD larger than 26.8%,
suggested as the individual minimal detectable change [2].

Effect on aerobic fitness
Laboratory measurements of aerobic fitness at baseline and fol-
low-up test are shown in Table 1. Therewere no significant group
× time interactions in any measures of aerobic fitness (V̇O2max,
Tlac, RE at Tlac). There were, however, significant main effects
for time for V̇O2max and velocity at Tlac and V̇O2 at Tlac. Post-hoc
analysis showed significant differences between pre- and mid-
training values, but no significant differences between mid- and
post-values, except for velocity of Tlac and V̇O2 of Tlac which in-
creased by further 5% from mid- to post-training. The main fac-
tor for time was close to significance (p = 0.07) for RE at Tlac,
which decreased by 1% frompre- tomid-training and by 2% from
pre- to post-training. There was a non significant decrease of
maximum HR (from 196 ± 8 to 193 ± 8 b ·min–1). Using the same
respiratory data scaled by bodymass–0.75 similar results were ob-
tained (data not shown).

Effect on soccer specific endurance
Performances in the Ekblom’s test are shown in Table 1. No sig-
nificant group × time interactions were found while the main ef-
fect for time was significant. Post-hoc analysis of pooled data
showed significant pre- to mid-training, and mid- to post-train-
ing improvements.

Effects on match performance and intensity
The effective playing time was 64.2, 65.1, and 63.8min for the
pre-, mid-, and post-training matches, respectively. Similarly to
laboratory and field test results, no significant group × time in-
teractions were found for the indices of soccer performance (to-
tal distance covered, standing, walking, low-intensity activity,
and high-intensity activity) (Table 2). The main effect for time

Fig.1 Flow of participants through each stage of the study (GTG = ge-
neric training group; STG = soccer-specific training group).

Fig. 2 Average time spent at different intensities as expressed in per-
cent of maximum heart rate (HRmax) during the training sessions of the
12 training weeks of the study. GTG, generic training group; STG,
specific training group; * p < 0.05, significantly different between
training groups.
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Table 1 Effects after 4 weeks (Mid) and a further 8 weeks (Post) of generic vs. specific aerobic interval training on soccer players’ aerobic fit-
ness and soccer-specific endurance (Ekblom’s test)

Pre Mid Post Interaction#

Maximal values

GTG (n = 15)

– V̇O2max (l ·min–1) 3.883± 0.306 4.143 ± 0.378 4.163 ± 0.387 p = 0.80

– V̇O2max (ml ·kg–1 · min–1) 55.6 ± 3.4 59.7 ± 4.1 60.2 ± 3.9 p = 0.81

– HRmax (b ·min–1) 197.7 ± 9.5 196.2 ± 10.0 194.1 ± 7.2 p = 0.99

STG (n = 14)

– V̇O2max (l ·min–1) 3.960± 0.383 4.200 ± 0.417 4.203 ± 0.437

– V̇O2max (ml ·kg–1 · min–1) 57.7 ± 4.2 61.4 ± 4.6 61.8 ± 4.5

– HRmax (b ·min–1) 194.5 ± 7.1 192.9 ± 8.2 192.7 ± 8.9

Lactate threshold

GTG (n = 15)

– V̇O2 at Tlac (l ·min–1) 3.150± 0.348 3.386 ± 0.338 3.515 ± 0.270 p = 0.98

– V̇O2 at Tlac (ml · kg–1 · min–1) 45.1 ± 3.8 48.7 ± 3.3 50.9 ± 2.9 p = 0.94

– % V̇O2max 81.0 ± 4.3 81.7 ± 3.1 84.6 ± 3.4 p = 0.94

– Vel at Tlac (km·h–1) 11.2 ± 0.6 11.6 ± 0.5 12.2 ± 0.4 p = 0.42

– RE at Tlac (ml · kg–0.75 · m–1) 0.72 ± 0.03 0.71 ± 0.04 0.70 ± 0.04 p = 0.53

STG (n = 14)

– V̇O2 at Tlac (l ·min–1) 3.242± 0.407 3.465 ± 0.247 3.592 ± 0.281

– V̇O2 at Tlac (ml · kg–1 · min–1) 47.3 ± 4.9 50.7 ± 3.2 52.4 ± 2.8

– % V̇O2max 81.5 ± 4.3 82.2 ± 3.6 84.7 ± 5.1

– Vel at Tlac (km·h–1) 11.3 ± 0.7 11.9 ± 0.7 12.4 ± 0.5†

– RE at Tlac (ml · kg–0.75 · m–1) 0.73 ± 0.03 0.72 ± 0.02 0.71 ± 0.03

Ekblom’s test

GTG (n = 15)

– time (s) 704± 42 618 ± 49 603 ± 17 p = 0.57

STG (n = 14)

– time (s) 723 ± 47 629 ± 36 609 ± 33

GTG, generic training group; STG, soccer-specific training group; RE, running economy; Tlac, lactate threshold; V̇O2max, maximum oxygen uptake; #, group × time interac-
tion of a 2 × (3) ANOVA

Table 2 Effects after 4 weeks (Mid) and a further 8 weeks (Post) of generic vs. specific aerobic interval training on physical soccer performance

Pre Mid Post Interaction#

GTG (n = 15)

Standing (s) 583 ± 177 528 ± 99 534 ± 10 p = 0.23

Walking (s) 3071 ± 263 2771 ± 262 2784 ± 229 p = 0.75

Low-intensity activity (s) 1395 ± 183 1668 ± 171 1649 ± 166 p = 0.11

High-intensity activity (s) 351 ± 67 432 ± 79 431± 75 p = 0.70

Total distance (m) 9330 ± 425 9958 ± 330 9924 ± 331 p = 0.29

STG (n = 14)

Standing (s) 563 ± 129 517 ± 65 611 ± 150

Walking (s) 2981± 253 2755 ± 294 2736 ± 217

Low-intensity activity (s) 1477± 215 1675 ± 251 1581± 170

High-intensity activity (s) 377± 60 452 ± 82 473± 89

Total distance (m) 9527 ± 444 10036 ± 510 9926 ± 404

Walking includes backward walking and sideways walking; Low-intensity activity includes jogging, low-intensity running, backwards running; High-intensity activity includes
moderate, high-intensity running and sprinting. GTG, generic training group; STG, soccer-specific training group; #, group × time interaction of a 2 × (3) ANOVA
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was significant for total distance, walking, low-intensity activity,
and high-intensity activity but not for standing. Total distance
covered during the matches by the two groups (pooled data) in-
creased from 9.425 ± 0.438 km (pre) to 9.996 ± 0.420 km (mid)
and 9.890 ± 400 km (post).

In Table 3 the exercise intensity of the threematches classified in
five HR zones relative to the two training groups are presented.
No significant group × time interactions were found, while the
main factor for time was significant for all the exercise intensity
categories except for time spent at 80–90% of HRmax. Post-hoc
analysis revealed significant pre- to mid-training and pre- to
post-training differences, only. Also no significant group × time
interactions were found for average match exercise intensity
expressed as % of HRmax (p = 0.97), while the main effect for time
was significant. Averagematch-intensities for the pre-, mid-, and
post-training matches were 82.8 ± 4.2, 84.8 ± 2.7, and 85.0 ± 2.8%
of HRmax, respectively (pooled data). Both groups showed a sig-
nificant decrease of mean exercise intensity during the second
half (data not shown).

Relationships between outcome measures
Significant and consistent correlations were found between
V̇O2max and both the total distance covered during the matches
and the time spent in high-intensity activities (mean r = 0.55
and r = 0.45, respectively; p < 0.05). Significant correlations were
also found in all the three test sessions between V̇O2max and the
soccer-specific endurance test suggested by Ekblom (mean
r = –0.54, p < 0.05). No significant correlations were found be-
tween changes in the selected soccer performance variables and
changes in V̇O2max, Tlac, RE at Tlac, and Ekblom’s tests.

Pre-training V̇O2max scores were not significantly correlated to
mid and post absolute V̇O2max changes both in GTG (r = –0.23
[p = 0.23] and r = –0.07 [p = 0.72], respectively) and STG
(r = –0.04 [p = 0.84] and r = –0.31 [p = 0.10], respectively).

Discussion

Aerobic fitness
In agreement with our hypothesis, soccer-specific aerobic train-
ing performed using small-sided games was as effective as inter-
val running in enhancing aerobic fitness in junior soccer players.
In particular, these two aerobic training modes produced im-
provements in both aerobic power and capacity after the pre-
season training period. Additional aerobic training during the
competitive season only resulted in a moderate but significant
increase in running velocity at Tlac (∼ 5%). These results partially
confirmed those reported in a previous training study [22]. How-
ever, the 7%,10%, and 2% improvements in V̇O2max, Tlac, and RE at
Tlac found after 14 weeks of aerobic training in the present study
were lower than the corresponding 10%, 16%, and 7% increase
found by Helgerud et al. [22] after 8 weeks of interval training
completed at the beginning of the regular season. Furthermore,
different from the study of Helgerud et al. [22], the positive ef-
fects of aerobic training found in our study mainly occurred as a
consequence of the pre-season training period, that is with play-
ers resuming training after at least 6 weeks of post-competitive
season detraining. During the 8 weeks of training at the begin-
ning of the competitive season, i.e the same period of the study
of Helgerud et al. [22], we did not find any increase in V̇O2max, and
only a small improvement in Tlac intensity. The reason for the
discrepancies between the results of the present study and the
investigation by Helgerud et al. [22] is not apparent as the start-
ing fitness level of the players and the quantity, duration, and in-
tensity of interval training were similar. The only possible ex-
planation could be that the players’ fitness level and the training
program employed by Helgerud et al. [22] before the start of the
regular season were different compared to the present study.
However, the data relative to the pre-season period were not re-
ported by Helgerud et al. [22].

In contrast with our results, Bangsbo [10] reported no change in
V̇O2max after a pre-season training period in seven professional
soccer players, while the speed corresponding to a blood lactate
concentration of 3mmol · l–1 was found to be increased signifi-
cantly. The lack of improvement in aerobic power found by

Table 3 Time in seconds spent in different intensity zones expressed in relation to maximum heart rate (HRmax) during the baseline match
(Pre), after 4 weeks of pre-season training (Mid), and after a further 8 weeks of regular season training (Post)

Pre Mid Post Interaction#

GTG (n = 15)

< 80% HRmax 2109 ± 1036 1542 ± 532 1431± 544 p = 0.90

80–90% HRmax 2480 ± 483 2600 ± 462 2641 ± 451 p = 0.69

90–95% HRmax 696 ± 597 1027 ± 559 1075 ± 545 p = 0.81

95–100% HRmax 116 ± 198 231± 311 259 ± 302 p = 0.85

STG (n = 14)

< 80% HRmax 1981± 449 1534 ± 538 1353 ± 533

80–90% HRmax 2419 ± 338 2441 ± 239 2495 ± 225

90–95% HRmax 844 ± 242 1198 ± 404 1318± 383

95–100% HRmax 171 ± 173 221 ± 81 234 ± 72

GTG, generic aerobic training group; STG, specific aerobic training group; #, group × time interaction of a 2 × (3) ANOVA
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Bangsbo [10] could be due to the shorter summer break typical of
professional soccer teams (2–3 weeks) compared to the longer
detraining period of the junior players used in the present study.
In fact, Bangsbo and Mizuno [14] showed that this relatively
short-term training intermission was not sufficient to cause a
significant decrease in V̇O2max, while muscle oxidative enzymes
decreased rapidly and a longer timewas required to restore them
to the pre-detraining levels. Specifically, Bangsbo and Mizuno
[14] showed in a group of semi-professional soccer players, that
4 weeks of high-intensity training were not sufficient to restore
the levels of citrate synthase and β-hydroxy acyl CoA dehydro-
genase found before a detraining period of 3 weeks [14]. This
could explain why we found the highest increase of Tlac after 12
weeks of high-intensity aerobic training, while V̇O2max improve-
ments were evident after 4 weeks of the pre-season training
period. There is a general consensus that V̇O2max is limitedmostly
by the ability of the cardiovascular system to transport O2 to ac-
tive muscles, and lactate threshold by the peripheral ability to
utilize O2 and, in particular, by mitochondrial enzyme activity.
In our study, the long summer break was probably sufficient to
cause a decrease in both V̇O2max and Tlac [32]. However, while
central factors (i.e. V̇O2max) were restored rapidly in a relatively
shorter time (4 weeks), peripheral factors (i.e. muscle oxidative
enzymes) probably required a longer time to improve (a further
8 weeks).

Similarly to the present study, Bangsbo [10] reported an increase
in V̇O2max in eleven professional soccer players after sevenweeks
of training before a Champions Cup match (the current Cham-
pions League), but he did not find further improvement in V̇O2max

during the season after this match, while a significant decrease
of blood lactate at various sub-maximal running speeds was
found both after the sevenweeks of pre-match training and dur-
ing the season. Casajus et al. [17] found improvement in ventila-
tory threshold without any change in V̇O2max during the compet-
itive season in a Spanish professional soccer team. These studies
and the results of our investigation seem to suggest that sub-
maximal indices of aerobic fitness such as Tlac could be more
sensitive to training than V̇O2max in the physiological assessment
of aerobic training outcomes in soccer, particularly when the
“aerobic base” has been established. Furthermore, there was no
evidence of the ceiling effect in very fit players suggested by
some authors [23,44], as no significant correlations were found
between pre-training V̇O2max and V̇O2max training-induced
changes within both STG and GTG.

Soccer-specific endurance
Contrary to our hypothesis, our results did not showa superiority
of soccer-specific aerobic training over interval running, in the
performance variables and the soccer-specific tests selected for
the investigation. Of the several soccer-specific aerobic endur-
ance tests proposed in the literature we used the one proposed
by Ekblom [3] because it integrates several activities typical of
soccer performance such as changes in direction, jumps, side-
ways and backwards running. Similarly to the laboratory mea-
sures of aerobic fitness, no group × time interaction was found.
The observed pre- to mid-training 13% improvement in this soc-
cer-specific test was similar to the 15% reported by Ekblom [3]
after a pre-season training period in a Swedish semi-professional
soccer team. After the following 8 weeks of training, we did not

find further improvements in the time to complete the Ekblom
circuits. Although less popular than other field assessments, the
results of our study suggested that this soccer-specific aerobic
endurance test can be useful in practical settings. In fact, moder-
ate but significant and consistent correlations were found be-
tween this field test and V̇O2max. The mean HR found during this
test was about 95% of HRmax indicating that the aerobic mecha-
nisms are heavily taxed during this integrated measure of soccer
performance. Besides, midfielders tended to perform the test
better than attackers and defenders (p = 0.09).

Match performance
After the pre-season period significant changes were found in
the objective measures of match performance selected in this
study for both training groups. In particular, the time spent dur-
ing low- and high-intensity activities increased by 14 and 18%,
while walking time decreased by 10%. Similarly, the total dis-
tance covered during match-play increased by 6%. However, no
further changeswere found after training during the competitive
period. The 571-m increase of total distance found in the present
study was lower than the 1716-m increase reported by Helgerud
et al. [22] after 8 weeks of interval training. The mean total dis-
tance covered by players during the three matches (9425–
9996m) was within the 8000–12000m commonly reported for
soccer players [36]. However, the total distance covered during a
match is considered a weak indicator of soccer performance as it
does not reflect how much players tax their maximal aerobic
power [42]. On the other hand, the high-intensity activity was
suggested to be a better measure of physical performance during
a soccer game [15,27,31]. Furthermore, Mohr et al. [31] have re-
ported that top-level professional soccer players covered only 5%
more distance in total but 28% more distance at high intensity
than lower-level professional players. Consequently, the most
important training effect on the selected objective measures of
match performance found in the present study was the 18% in-
crease in high-intensity activity. A similar increment during ac-
tual match-play was reported by Krustrup and Bangsbo [26] in
soccer referees after aerobic intermittent training. In particular,
they found unaltered total distance covered but 23% greater dis-
tance covered at high intensity. In the same study V̇O2max did not
change, while blood lactate response to running at 14 km·h–1

during an incremental treadmill test (90% of V̇O2max) signifi-
cantly decreased.

Similarly to the results of Helgerud et al. [22], the mean exercise
intensity of the matches expressed as percent of HRmax increased
significantly from 83% in the pre-training match to 85% in the
post-training match as a consequence of more time spent above
90% of HRmax and less time below 80% of HRmax. These changes
seemed to reflect the higher external work performed at high
speed during the matches after training.

While we found significant correlation between V̇O2max and both
the total distance covered and the time spent in high-intense ac-
tivity during the threematches, we did not find relationships be-
tween changes in laboratory parameters of aerobic fitness and
changes in physical variables of soccer performance. It is possible
that the improvements in performance could be related to other
physiological adaptations induced by aerobic training not mea-
sured in the present study. For example, Laursen and Jenkins
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[28] reported that high-intensity aerobic training could increase
the muscles’ buffering capacity and it might also enhance Na+-
K+-ATPase pump density.

Again, the different aerobic trainingmode did not result in differ-
ent changes in match performance. This could be partially ex-
plained by the relative small difference in time spent at different
training modes between the STG and GTG which was 6% of total
training time. However, further differentiation of training by in-
cludingmore specific and generic aerobic interval trainingwould
decrease the external validity of the present study. In fact, more
than two training sessions of aerobic training would be difficult
to propose to soccer players and to incorporate in a regular train-
ing programme during the competitive season.

Training exercise intensity
The average exercise intensities during the interval running and
small-sided games sessions were not significantly different from
each other (90.7% and 91.3% of HRmax, respectively) and were
within the target intensity (90–95% of HRmax) thought to be ef-
fective in enhancing aerobic fitness and soccer performance [22].
A more detailed analysis of training HR distributions showed
that, during the 12 weeks of training, STG players spent 29.4 s
more per session than GTG subjects in the 95–100% of HRmax in-
tensity zones (p = 0.034). Consequently, the physiological strain
produced by specific and generic high-intensity aerobic training
was slightly different but not enough to cause different training
outcomes, at least for the physiological and performance varia-
bles selected in this investigation.

Apart from the training time spent on physical conditioning, the
remaining soccer training time commonly consisted of several
technical and tactical exercises that could lead to further training
stimuli. Even if these exercises are usually performed at low in-
tensity, we controlled the global training load using the session-
RPE [21] and no significant difference between groups was
found. Furthermore, the global training load imposed upon these
junior soccer players did not induce symptoms of overreaching
as shown by unaltered TMD.

Conclusion

This study clearly demonstrates that small-sided games can be
used as an effective training mode to enhance aerobic fitness
andmatch performance in soccer players. Because no differences
were found between specific and generic aerobic interval train-
ing, the choice of the aerobic training mode should be based
mainly on practical necessity. For example, small-sided games
can be useful for training aerobic fitness and tactical-technical
components concurrently [4,9]. This can be an advantage espe-
cially for young soccer players, as the improvement of sport-
specific motor skills is related to the frequency of practice ses-
sions [43]. Moreover, the use of small-sided games increases
players’ motivation and makes high-intensity aerobic training
more acceptable. Further studies should investigate the effects
of other training variables (intensity, frequency, and duration)
and different combinations of aerobic with technical/tactical
training on soccer performance.

Acknowledgements

This study was completed thanks to the hard work, the technical
support, and the coaching experience of many people. Authors
would like to thank for their valuable contribution and sugges-
tions D. Carlomagno, S. Barberi, D. Ferrari Bravo, M. Fanchini, M.
Caniato, B. Scienza, A. Tibaudi, R. Sassi, A. Coutts, K. Chamari, P.
Mognoni, and the management of the football clubs involved in
the study. We are also grateful to all the soccer players involved
in the investigation especially the ones of the running interval
training group.

References

1 Apor P. Successfull formulae for fitness training. In: Reilly T, Lees A,
Davids K (eds). Science and Football. London: E and FN Spon, 1988:
95–107

2 Bagger M, Petersen PH, Pedersen PK. Biological variation in variables
associated with exercise training. Int J Sports Med 2003; 24: 433–
440

3 Balsom P. Evaluation of physical performance. In: Ekblom B (ed).
Football (Soccer). Oxford, UK: Blackwell Scientific Publications, 1994:
102–123

4 Balsom P. Precision Football. Kempele, Finland: Polar Electro Oy, 1999
5 Balsom PD, Ekblom B, Sjodin B. Enhanced oxygen availability during
high intensity intermittent exercise decreases anaerobic metabolite
concentrations in blood. Acta Physiol Scand 1994; 150: 455–456

6 Balsom PD, Gaitanos GC, Ekblom B, Sjodin B. Reduced oxygen avail-
ability during high intensity intermittent exercise impairs perfor-
mance. Acta Physiol Scand 1994; 152: 279–285

7 Balsom PD, Wood K, Olsson P, Ekblom B. Carbohydrate intake and
multiple sprint sports: with special reference to football (soccer). Int
J Sports Med 1999; 20: 48–52

8 Bangsbo J. Energy demands in competitive soccer. J Sports Sci 1994;
12: S5–12

9 Bangsbo J. Fitness Training in Football. Bagsværd: HO+Storm, 1994
10 Bangsbo J. The physiology of soccer – with special reference to intense

intermittent exercise. Acta Physiol Scand 1994; 619 (Suppl): 1–155
11 Bangsbo J. Optimal preparation for the World Cup in soccer. Clin

Sports Med 1998; 17: 697–709, vi
12 Bangsbo J. Physiology of training. In: Reilly T, Williams AM (eds). Sci-

ence and Soccer. London, UK: Routledge, 2003: 47–58
13 Bangsbo J, Lindquist F. Comparison of various exercise tests with en-

durance performance during soccer in professional players. Int J
Sports Med 1992; 13: 125–132

14 Bangsbo J, Mizuno M. Morphological and metabolic alterations in
soccer players with detraining and retraining and their relation to
performance. In: Reilly T, Lees A, Davids K, Murphy WJ (eds). Science
and Football. London/New York: E and FN Spon, 1988: 114–124

15 Bangsbo J, Norregaard L, Thorso F. Activity profile of competition soc-
cer. Can J Sport Sci 1991; 16: 110–116

16 Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports
Exerc 1982; 14: 377–381

17 Casajus JA. Seasonal variation in fitness variables in professional soc-
cer players. J Sports Med Phys Fitness 2001; 41: 463–469

18 Drust B, Reilly T, Cable NT. Physiological responses to laboratory-
based soccer-specific intermittent and continuous exercise. J Sports
Sci 2000; 18: 885–892

19 Drust B, Reilly T, Rienzi E. Analysis of work-rate in soccer. Sports Exerc
Injury 1998; 4: 151–155

20 Esposito F, Impellizzeri FM, Margonato V, Vanni R, Veicsteinas A. Val-
idity of heart rate as an indicator of aerobic demand during soccer ac-
tivities. Eur J Appl Physiol 2004; 93: 167–172

21 Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA, Parker S,
Doleshal P, Dodge C. A new approach to monitoring exercise training.
J Strength Cond Res 2001; 15: 109–115

22 Helgerud J, Engen LC,Wisloff U, Hoff J. Aerobic endurance training im-
proves soccer performance. Med Sci Sports Exerc 2001; 33: 1925–
1931

Impellizzeri FM et al. Generic vs. Specific Aerobic Training in Soccer … Int J Sports Med

Tra
in

in
g
&

Te
stin

g

9



23 Hoff J, Wisloff U, Engen LC, Kemi OJ, Helgerud J. Soccer specific aerobic
endurance training. Br J Sports Med 2002; 36: 218–221

24 Hopkins WG, Schabort EJ, Hawley JA. Reliability of power in physical
performance tests. Sports Med 2001; 31: 211–234

25 Impellizzeri FM, Rampinini E, Coutts AJ, Sassi A, Marcora SM. Use of
RPE-based training load in soccer. Med Sci Sports Exerc 2004; 36:
1042–1047

26 Krustrup P, Bangsbo J. Physiological demands of top-class soccer ref-
ereeing in relation to physical capacity: effect of intense intermittent
exercise training. J Sports Sci 2001; 19: 881–891

27 Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen J, Steensberg A,
Pedersen PK, Bangsbo J. The Yo-Yo Intermittent Recovery Test: phys-
iological response, reliability, and validity. Med Sci Sports Exerc 2003;
35: 697–705

28 Laursen PB, Jenkins DG. The scientific basis for high-intensity interval
training: optimising training programmes and maximising perfor-
mance in highly trained endurance athletes. Sports Med 2002; 32:
53–73

29 Martin GD, Murphy MH, O’Donogue PD, Bleakley EW. Validation of
distance estimation in computerized time-motion analysis for associ-
ation football. J Sports Sci 1997; 15: 18

30 Moher D, Schulz KF, Altman DG. The CONSORT statement: revised
recommendations for improving the quality of reports of parallel-
group randomised trials. Lancet 2001; 357 (9263): 1191–1194

31 Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard
soccer players with special reference to development of fatigue. J
Sports Sci 2003; 21: 519–528

32 Mujika I, Padilla S. Muscular characteristics of detraining in humans.
Med Sci Sports Exerc 2001; 33: 1297–1303

33 Odagiri Y, Shimomitsu T, Iwane H, Katsumura T. Relationships be-
tween exhaustive mood state and changes in stress hormones follow-
ing an ultraendurance race. Int J Sports Med 1996; 17: 325–331

34 Rampinini E, Sassi A, Impellizzeri FM. Reliability of heart rate record-
ed during soccer training. J Sports Sci 2004; 22: 558

35 Reilly T. Energetics of high-intensity exercise (soccer) with particular
reference to fatigue. J Sports Sci 1997; 15: 257–263

36 Reilly T. Motion analysis and physiological demands. In: Reilly T, Wil-
liams AM (eds). Science and Soccer. London, UK: Routledge, 2003:
59–72

37 Reilly T, Gilbourne D. Science and football: a review of applied re-
search in the football codes. J Sports Sci 2003; 21: 693–705

38 Saunders PU, Pyne DB, Telford RD, Hawley JA. Reliability and variabil-
ity of running economy in elite distance runners. Med Sci Sports Exerc
2004; 36: 1972–1976

39 Smaros G. Energy usage during football match. In: Vecchiet L (ed). 1st
International Congress on Sports Medicine Applied to Football. Rome:
D Guanillo, 1980: 795–801

40 Stroyer J, Hansen L, Klausen K. Physiological profile and activity pat-
tern of young soccer players during match play. Med Sci Sports Exerc
2004; 36: 168–174

41 Tomlin DL, Wenger HA. The relationship between aerobic fitness and
recovery from high intensity intermittent exercise. Sports Med 2001;
31: 1–11

42 Van Gool D, Van Gerven D, Boumans J. The physiological load imposed
on soccer players during real match-play. In: Reilly T, Lees A, Davids K,
MurphyW (eds). Science and Football. London: E and FN Spoon,1988:
51–59

43 Williams AM, Horn RR, Hodges NJ. Skill acquisition. In: Reilly T, Wil-
liams AM (eds). Science and Soccer. London, UK: Routledge, 2003:
198–213

44 Wisloff U, Castagna C, Helgerud J, Jones R, Hoff J. Strong correlation of
maximal squat strength with sprint performance and vertical jump
height in elite soccer players. Br J Sports Med 2004; 38: 285–288

45 Wisloff U, Helgerud J, Hoff J. Strength and endurance of elite soccer
players. Med Sci Sports Exerc 1998; 30: 462–467

46 Withers RT, Maricic Z,Wasilewski S, Kelly L. Match analyses of Austra-
lian professional soccer players. J HumMov Stud 1982; 8: 159–176

Impellizzeri FM et al. Generic vs. Specific Aerobic Training in Soccer … Int J Sports Med

Tra
in

in
g
&

Te
stin

g

10


