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Abstract Team sport athletes require a high level of aerobic fitness in order to
generate and maintain power output during repeated high-intensity efforts
and to recover. Research to date suggests that these components can be in-
creased by regularly performing aerobic conditioning. Traditional aerobic
conditioning, with minimal changes of direction and no skill component, has
been demonstrated to effectively increase aerobic function within a 4- to
10-week period in team sport players. More importantly, traditional aerobic
conditioning methods have been shown to increase team sport performance
substantially. Many team sports require the upkeep of both aerobic fitness
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and sport-specific skills during a lengthy competitive season. Classic team
sport trainings have been shown to evoke marginal increases/decreases in
aerobic fitness. In recent years, aerobic conditioning methods have been de-
signed to allow adequate intensities to be achieved to induce improvements in
aerobic fitness whilst incorporating movement-specific and skill-specific
tasks, e.g. small-sided games and dribbling circuits. Such ‘sport-specific’
conditioning methods have been demonstrated to promote increases in
aerobic fitness, though careful consideration of player skill levels, current
fitness, player numbers, field dimensions, game rules and availability of
player encouragement is required. Whilst different conditioning methods
appear equivalent in their ability to improve fitness, whether sport-specific
conditioning is superior to other methods at improving actual game perfor-
mance statistics requires further research.

Team sport athletes require a wide range of
physical and technical abilities. Specifically, a
well developed level of aerobic fitness is desirable
in order to recover quickly between repeated
high-intensity efforts[1-3] that are typically asso-
ciated with game-defining moments such as
scoring or preventing other teams from scoring.
Improving an individual player’s and team’s
performance using aerobic conditioning practices
has become a priority, and methods to do so have
been extensively investigated.[4-18] In order to
obtain the necessary articles for this review, sev-
eral health databases were searched, including
EBSCO, PubMed and SPORTDiscus. Key
search terms used included ‘aerobic’, ‘basketball’,
‘conditioning’, ‘endurance’, ‘high-intensity’,
‘rugby’, ‘soccer’, ‘sport-specific’, ‘team sports’
and ‘training’. This review specifically focuses on
the literature relating to aerobic conditioning
interventions and their subsequent influence on
aerobic fitness, and, when possible, individual/
team sport performance. Based on the articles
retrieved, this review differentiates between
‘traditional’, ‘classic’ and ‘modern’ or ‘sport-
specific’ aerobic conditioning approaches.
Articles were excluded if no measures of aerobic
fitness were presented, as this proved difficult
to make comparisons with other research. Be-
cause of the small number of articles relating to
aerobic conditioning interventions and team
sport athletes, there was no limit to the search
period.

1. Physical Demands of Team Sport
Competition

The acyclic, intermittent nature of team
sport competition is made evident through the
movement frequencies observed during match
play being in excess of 1000, regardless of
sport.[19-26] The total distance travelled in amatch
suggests that a well developed level of aerobic
fitness is required, especially with respect to out-
door, field-based team sports such as rugby un-
ion[21,27] and soccer.[5,23,25,26,28-31] Average game
intensity appears to be relatively constant across
a range of team sports, equating to just below
lactate threshold (LT), i.e. 80–90% peak heart
rate (HRpeak) or 70–80% peak oxygen uptake
(
.
VO2peak).

[5,25,30,32-37] However, when defining
characteristics of team sport performances are
broken down into low-, medium- and high-
intensity activities, clear differences between
sports are seen. Players in rugby union[21] and
soccer[26,31] appear to spend the greatest amount
of time performing low-intensity movements
(80–85% of game time), whereas field hockey[38]

and basketball[19,20,39] players spend a con-
siderably lower amount of time involved in low-
intensity activity (~50% of game time) and more at
medium-intensity (~40%). It should be acknow-
ledged that the notable differences both within
and between team sports time-motion analysis
studies could be due to several reasons: (i) the
method used to classify different exercise intensities
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(i.e. classification of ‘zones’) is inconsistent be-
tween studies; (ii) the number of games analysed
could lead to an over- or underestimation of the
durations of working at different intensities;
(iii) the fitness level of the players analysed could
lead to either more or less time engaged in high-
intensity activity; and (iv) the importance of the
game and the level of the opposition could both
increase or decrease the percentage of high-
intensity activities performed. Nevertheless, the
amount of high-intensity exercise carried out
appears consistent across most team sports, ac-
counting for about 15–19% of the total distance
covered[26,31,40] or 10–15% of game time.[19,20,41]

However, depending on player fatigue levels,[25,32,42]

the skill level of the opposition, the importance
of the match, or whether the team is winning or
losing, the amount of high-intensity exercise per-
formed varies from match to match.[43,44] Heart
rate[19,20,23,28,33,35,45-47] and blood lactate concen-
tration[5,8,19-21,23,35,48-51] data reinforce these ob-
servations, with moderately high heart rates and
lactate concentrations measured during team
sport competition. The latter has been significantly
correlated to the amount of high-intensity activity
performed during the 5 minutes before sam-
pling.[19,52] The energy system contribution to team
sport performance tends to reflect game intensity.
The majority of the adenosine triphosphate (ATP)
required to perform is supplied via aerobic path-
ways,[19,20,22,28,33,39,41,45,52-55] based on the large
amounts of game time spent engaged in low- to
moderate-intensity activity.

Based on the physical demands and char-
acteristics of team sport competition, and the
potential importance of aerobic fitness, it is clear
that a significant portion of the conditioning
programmes of team sport players should focus
on improving their ability to repeatedly perform
high-intensity exercise and to recover. To a large
extent both these abilities can be improved by
performing aerobic conditioning.

1.1 Physiological Adaptations to
Aerobic Conditioning

Several studies have shown that aerobic condi-
tioning is associated with adaptations in the

pulmonary,[56-59] cardiovascular,[60-64] neuromus-
cular[65,66] and metabolic[66-71] systems. However,
it is clearly apparent from the literature that
the physiological adaptations to training depend
upon several factors, including the exercise in-
tensity[72-75] and frequency,[76-79] the duration of
training,[69,80] the total length of time of the train-
ing programme[76,81,82] and the initial fitness level
of the individual.[75,83] These factors interact to
determine the overall magnitude of the training
response.

Depending on the intensity of aerobic con-
ditioning, physiological adaptation may primarily
occur centrally or peripherally.[84] At intensities
slightly below LT (~70–80%

.
VO2peak), physiologi-

cal adaptations occur primarily in the central
component.[81,85] Central adaptations include an
improvement in the heart’s capacity to pump
blood, primarily through increased stroke volume,
which occurs because of an increase in end-dia-
stolic volume and an increase in left ventricular
mass.[86] Subsequently, these adaptations result in
an increased cardiac output, which, according to
the Fick equation, will increase

.
VO2peak.

[87] As the
training intensity increases above the LT (>80%.
VO2peak), significant peripheral adaptation occurs,
with substantial changes in muscle capillariza-
tion,[88] oxidative enzyme activity,[89] mitochon-
drial volume and density,[90] and myoglobin,[82]

and the preferential use of free fatty acids as an
energy substrate.[69] As a consequence of the above
central and peripheral adaptations, performance-
related aerobic measures such as whole-body.
VO2peak,

[91] exercise/work economy,[92] LT[93] and
oxygen uptake kinetics[94] are all improved.[95]

1.2 Potential Benefits of Aerobic Fitness
for Team Sport Performance

The potential benefits of enhanced aerobic fit-
ness for team sport performance are numerous.
Although team sport players appear to spend the
majority of their time involved in low-to-moderate
intensity activities, defensive/offensive success
often depends on the less frequent but higher in-
tensity activities that involve combinations of
sprinting, jumping and tackling. These high-
intensity activities place extreme demands on
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the anaerobic energy system intermittently
throughout the duration of a game. However,
overall there is a heavier reliance on the aerobic
system, which serves to promote recovery and is
engaged during low- to heavy-intensity activities
that predominate over 70–90 minutes of whole-
body physical activity.

Appropriate aerobic conditioning plays a sig-
nificant part in allowing players to repeatedly
perform high-intensity activity. It has been shown
that a high

.
VO2peak is moderately related (r = 0.62

to r = 0.68; p < 0.05) to repeat sprint ability (RSA)
in field hockey, rugby union and soccer players,
as well as endurance-trained and -untrained po-
pulations.[1-3] This suggests that the body’s ability
to deliver and use oxygen, both during and
between high-intensity sprints, is important.[96]

Furthermore, also in soccer, previous studies
have demonstrated that players with a higher
aerobic power cover greater distance during a
soccer game.[97] Overall, a high

.
VO2peak will likely

serve to reduce the metabolic disturbances re-
sulting from anaerobic metabolism. Ultimately,
players who are aerobically well trained are likely
able to maintain their work rates/power output
towards the end of a game compared with those
with poorer aerobic fitness.

It is possible that short and long RSA could
also be influenced by the oxidative potential of
the muscle in elite team sport athletes, which
may be best reflected by measures of the LT.
Indeed, Edwards et al.[98] showed that the LT
was a more sensitive indicator to changes in
training status in professional soccer players than.
VO2peak. Further support for this measure is
provided by other studies utilizing fixed blood
lactate values. For example, Krustrup et al.[28]

demonstrated that the amount of high-intensity
running during soccer match play was sig-
nificantly related to the running speed at
2mmol/L blood lactate concentration in female
players. More recently, Sirotic and Coutts[99] also
showed that a significant relationship existed be-
tween the running velocity at a blood lactate
concentration of 4mmol/L and prolonged high-
intensity intermittent running distance (r = 0.77;
p< 0.05) in 16 moderately trained women team
sport athletes. These studies both demonstrate a

clear benefit of having well developed aerobic
function.

In contrast, however, it should be acknow-
ledged that there are other studies showing that.
VO2peak is a poor indicator of the fitness status
of team sport athletes,[98] and it does not relate
to performance in either short-term[100] or pro-
longed intermittent exercise tests among profes-
sional players (r = 0.18; p > 0.05; n= 8),[40] nor
does it determine the total amount of running
distance covered during a game.[28] Also, in well
trained subjects, Bishop et al.[100] demonstrated
that short-term RSA was not significantly corre-
lated with

.
VO2peak in elite team sport athletes

(r = 0.30; p> 0.05). Methodological differences
between these conflicting studies such as the
standard of player, nature of the games played,
different tests used to determine RSA (short and
prolonged) and reliability of output measures
from time-motion analysis could all account for
the inconsistent findings.

In addition to
.
VO2peak and LT measures, im-

provements in
.
VO2 kinetics as a result of en-

durance training have been suggested to increase
metabolic efficiency during recovery, which as-
sists in delaying the onset of fatigue.[101] It should
be noted that due to recovery time being typically
of short duration (<30 sec)[20,22,24,102] during team
sport competition, a faster

.
VO2 response[103,104]

would serve to assist in the replenishment of
phosphocreatine stores, which would be re-used
across multiple high-intensity efforts. Indeed,
athletes with a greater muscle oxidative capacity
have been reported to boast greater phospho-
creatine resynthesis and an increased ability to
remove lactate and hydrogen ions (H+) from
skeletal muscle,[105-108] which will probably be
beneficial for team sport athletes.

Given the apparent importance of developing
various aerobic fitness measures to enhance va-
rious physical output aspects during games in
team sports athletes, studies have considered the
most effective ways of improving aerobic fitness.
Several different approaches can be used to de-
velop the aerobic condition of team sport players.
These include a range of traditional, classic and
sport-specific (movement-specific) conditioning
approaches.
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2. Traditional Aerobic Conditioning
for Team Sports

2.1 Definition

Traditional aerobic conditioning, defined here
as continuous or interval-based straight line
running with minimal changes of direction, is
used by many athletes and fitness enthusiasts to
increase aerobic fitness. Since it has been sug-
gested that

.
VO2peak improvements generally oc-

cur when a high percentage of
.
VO2peak is elicited

during exercise,[109] the general goal of interval
conditioning is to accumulate a greater training
stimulus at high intensities compared with what
can be tolerated in a single bout of continuous
exercise. This approach is especially important
for trained team sport athletes whose increases in
aerobic fitness are limited by cardiac output,[110]

specifically stroke volume. A recent study by
Zhou et al.[111] found that stroke volume in-
creased continuously with increased workload up
to

.
VO2peak in well trained participants. Conse-

quently, the increased stroke volume up to the
level of

.
VO2peak in trained athletes has been the

rationale behind using high-intensity aerobic
conditioning interventions.[5,6,9,112] The prescrip-
tion of interval training is based on three key
variables: work interval intensity and duration,
recovery interval intensity and duration, and to-
tal work duration (work interval number · work
duration). These variables can be manipulated to
generate a large range of interval training pre-
scriptions designed primarily to stress aerobic
and/or anaerobic energy metabolism. Sufficient
physiological data are now available to classify
different types of aerobic interval training, rang-
ing in intensity from 85% to 130% of the power or
velocity associated with

.
VO2peak.

[113,114]

2.2 Effectiveness of Traditional Aerobic
Conditioning

Despite the inclusion of traditional aerobic
conditioning in the training programmes of many
team sports, surprisingly few studies have docu-
mented the true effectiveness of traditional ae-
robic conditioning approaches in relation to
improved physiological measures and their

subsequent influence on team sport performance
(table I). To date, there is no evidence suggesting
that aerobic conditioning does not result in im-
proved team sport performance. While in the few
studies that have reported the effects on in-
dividual fitness, individual performance and
team sport performance, traditional interval
conditioning has elicited favourable changes in
aerobic fitness and performance, suggesting that
traditional aerobic conditioning is an effective
approach.[4,5,7]

2.3 Traditional Aerobic Conditioning
and Soccer

In a unique training study, Helgerud et al.[5]

were among the first researchers to clearly show
that high-intensity ‘traditional’ aerobic interval
training significantly influenced a soccer player’s
aerobic fitness and, perhaps more importantly,
their performance during a soccer match. In this
study, traditional interval endurance training was
performed twice a week, over an 8-week period,
at the beginning of the competitive soccer season.
Players performed four 4-minute running
intervals at 90–95% HRpeak, interspersed with
3 minutes of active recovery, jogging at 50–60%
HRpeak. Consequently,

.
VO2peak increased by

10.8% over the duration of the study. LT and
running economy improved by 16.0% and 6.7%,
respectively (p < 0.05), suggesting a marked im-
pact on measures of aerobic function. However,
two regular training sessions, involving game
play, tactical, technical, strength and sprint
training activities, along with one competitive
game per week, were performed concurrently
with the endurance training. The intensity of
these additional training sessions was not re-
ported and, therefore, based on the control
groups’ post-training increases in

.
VO2peak (2%)

and number of sprints performed during a match
(8%), it is possible that the supplementary train-
ing may have contributed towards the improve-
ments in aerobic fitness in the experimental
group. Nevertheless, the influence of this im-
provement on subsequent soccer performance
cannot be ignored. The traditional aerobic con-
ditioning resulted in significantly higher exercise
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Table I. Traditional aerobic endurance conditioning used in team sports, and the subsequent influence on aerobic fitness and individual/team performance

Study Sport No. of

subjects

Mean

(–SD)
age (y)

Season Training intervention Findings

duration

(wk)

sessions

per week

mode intensity

Balabinis et al.[4] Basketball 7 males 22.6 – 0.8 7 SE

training

4 100–500m running

intervals every

30–60 sec

85–90% HRpeak Pred
.
VO2peak › 13%*

7 males 22.4 – 0.5 7 E

training

4 100–500m running

intervals every

30–60 sec

85–90% HRpeak Pred
.
VO2peak › 7%*

Dupont et al.[7] Soccer 22 males 20.2 – 0.7 In 10 1

1

12–15· 40m sprints

every 30 sec

15 sec work : 15 sec recovery

rest ·12–15 sprints

120% MAS MAS › 8%***

Win percentage › 136%

Helgerud et al.[5] Soccer 19 males 18.1 – 0.8 In 8 2 (4min work : 3min recovery)

·4, running intervals

90–95% HRpeak :
50–60% HRpeak

.
VO2peak › 11%*

LT ›16%*

RE fl7%*

No. of sprints › 100%**

No. of involvements with ball

›24%*

Distance covered › 20%**

Helgerud et al.[6] Soccer 21 males 25.0 – 2.9 Pre 8 2 (4min work : 3min

recovery) · 4, running intervals

90–95% HRpeak :
50–60% HRpeak

.
VO2peak › 8%***

RE fl4%*

E= endurance; HRpeak= peak heart rate; LT= lactate threshold; MAS =maximal aerobic speed; Pred = predicted; RE = running economy; SE = strength and endurance;.
VO2peak =peak oxygen uptake; fl indicates decrease; › indicates increase; * p< 0.05, ** p< 0.01, *** p <0.001.
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intensities (3.5%; p < 0.05) when expressed in re-
lation to HRpeak during a soccer match following
the training period. This is presumably related to
the improved exercise economy and higher LT as
a result of the endurance training. It was also
clearly shown that the number of sprints and in-
volvements with the ball increased significantly
(p < 0.05) from 6.2 to 12.4 (100%) and 47.4 to 58.8
(24%), respectively. Furthermore, a significant
increase in the total distance covered (8619m to
10 335m, 20%; p < 0.01) during a match was ob-
served. Collectively, these results are very en-
couraging despite the small sample size (n = 19).
Furthermore, it must also be acknowledged that
quantifying soccer performance based on a single
soccer match has its limitations, due to the tactical/
technical nature of the game. Playing conditions,
skill level of the opposition and importance of the
game, amongst other factors, may all have con-
tributed to player performance.[43,44] Analysis of
several soccer matches is required to confirm these
observations.

More recently, other studies have reported
positive physiological adaptation after tradi-
tional training approaches. Helgerud et al.[6]

performed another study utilizing the same
aerobic interval training approach as previously
used[5] with a European Champions League
team, and found a similar improvement in.
VO2peak (8.1%; p < 0.001). This pre-season im-
provement was observed despite concurrently
training for both maximal strength and aerobic
endurance. Furthermore, this increase was ex-
hibited in soccer players of a higher standard
compared with those used by Helgerud et al.[5]

Running economy improved by 3.7% (p < 0.05)
post-training, perhaps augmented by the max-
imal strength training that was performed, as
resistance training has been demonstrated to
benefit exercise economy.[115,116] However, it
appears that the concurrent training approach
may have slightly hindered the improvement in
running economy when compared with a pre-
vious aerobic training study involving younger
soccer players.[5] Other authors also report
significant increases in

.
VO2peak, LT and runn-

ing economy, in addition to improvements
in individual soccer performance, following

traditional aerobic conditioning programmes[5,6]

(see also section 5.1).
Using a different approach to the above,

Dupont et al.[7] investigated the effect of traditional
aerobic conditioning on aerobic fitness in soccer
players during the season. A goal of this study
was to observe a change in aerobic fitness without
any subsequent decrease in match performance.
This study demonstrated that one weekly session
of short intermittent exercises (12–15 · 15 sec at
120% of maximal aerobic speed) and one weekly
session of repeated sprinting exercise (40m
sprints repeated every 30 sec) over 10 weeks in-
duced substantial improvements in aerobic fit-
ness.[7] Maximal aerobic speed improved by
8.1 – 3.1% (p < 0.001). Similar to other studies,[5]

the athletes involved in this research also per-
formed two additional team training sessions
per week, reportedly involving ‘light’ exercises.
Unfortunately, post-training

.
VO2peak was not

reported for this study, making comparisons
with other research difficult.[5,6] However, given
the type of training performed, the improvements
in maximal aerobic speed could be a consequence
of a greater amount of time spent at

.
VO2peak.

[117]

Greater time spent at a high percentage of.
VO2peak during training necessarily induces a
positive change in measures of aerobic fitness.[109]

With respect to the effects of the conditioning
regimen on match performance, the team won
33% of its matches during the 10-week control
period (no high-intensity training) and 78% of its
matches during the 10-week high-intensity train-
ing period. However, this 136% increase must be
interpreted with caution, as many factors could
have influenced the outcome of games during
both the control and the training periods, as
described earlier. Overall, the findings of Dupont
et al.[7] and Helgerud et al.[5,6] suggest that im-
provements in

.
VO2peak can be achieved during

the pre-season and/or early in the season without
any decrease in match performance.

2.4 Traditional Aerobic Conditioning
and Basketball

Traditional aerobic interval conditioning has
also been shown to increase

.
VO2peak in collegiate
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basketball players who simultaneously trained
for both muscular strength and aerobic adapta-
tions.[4] Balabinis et al.[4] examined the effects of
endurance, strength and concurrent strength and
endurance conditioning on several physiological
parameters over a 7-week duration (training
phase of the season was not stated). Endurance
conditioning involved performing between two
and ten repeats of 30–1000m running intervals
every 30–60 sec. Endurance conditioning alone
improved predicted

.
VO2peak by approximately

7%, which was slightly less than that reported by
Helgerud et al.[5] Interestingly, however, greater
changes in predicted

.
VO2peak (13%) were ob-

served when concurrent strength and endurance
conditioning was performed (table I), despite all
experimental groups being equally matched for
aerobic fitness (figure 1) at the start of the study.
Given that participants in the studies of both
Helgerud et al.[5] and Balabinis et al.[4] displayed
similar pre-training

.
VO2peak values (58 and

54–55mL/kg/min, respectively), the greater in-
crease in aerobic function for the strength and
endurance-trained group reported by Balabinis
et al.[4] may have been augmented by the period-
ized strength training programme that the group
performed. The strength training undertaken was
divided into three phases: (i) maximum strength,
1–4 sets · 3–6 repetitions at 75–95% of one re-
petition maximum (1RM); (ii) explosive power,
4–5 sets · 5–6 repetitions at 70% 1RM; and
(iii) muscular endurance, 3 sets · 30–40 repeti-
tions at 40% 1RM. It is very possible that
the latter muscular endurance phase promoted

additional peripheral oxidative adaptations,
which has been previously observed in other
studies.[118-122] Although Balabinis et al.[4] did
not measure aerobic fitness directly, nor any
subsequent influence on game performance fol-
lowing the training period, these results suggest
that combining strength and endurance training
may be a worthwhile approach in basketball for
improving aerobic fitness.

2.5 Summary

In summary, it is clear that traditional aerobic
conditioning involving repeated running inter-
vals at intensities ranging between 85% and 95%
HRpeak and lasting up to 4 minutes, separated
by a maximum of 3 minutes’ active recovery at
about 60% HRpeak, appears to promote bene-
ficial changes in aerobic function. Such beneficial
changes are noticeable when traditional aerobic
conditioning is performed twice per week with
24–48 hours of recovery between sessions over
periods ranging from 4 to 10 weeks. Some limited
evidence exists to suggest that this improvement
in fitness is transferable to the actual game si-
tuation and subsequently enhances team sport
performance. Furthermore, periodized, con-
current strength and endurance training in team
sport athletes may elevate

.
VO2peak to a greater

extent than endurance training alone. The find-
ings of both Dupont et al.[7] and Helgerud
et al.[5,6] demonstrate that the aerobic fitness
of soccer players can be improved during the
competitive season without a decrease in match
performance. However, traditional aerobic con-
ditioning methods and their subsequent influence
on sport performance is an area requiring further
research.

3. Classic Team Sport Conditioning

3.1 Definition

‘Classic’ team sport conditioning typically inte-
grates strength, power, speed and aerobic condi-
tioning components, directed towards improving
the athlete’s overall functional and physical ca-
pacities specific to their sport, within a coach-
ing framework.[123] Under such conditions,
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Fig. 1. Mean (–SD) peak oxygen uptake (
.
VO2peak) for concurrent

strength and endurance, control, endurance only and strength only
training groups’ pre- and post-7-week training intervention.[4]
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some research, but not all,[124-126] suggests that
aerobic power can be maintained and even in-
creased, simply from participation in classic team
sport training and competition (table II).[127-131]

For example, in basketball, it has been demon-
strated that the intensity and duration of running
during team practice and competition created
sufficient stimulus for the maintenance of
aerobic power over single[128,132] and consecutive
(four) seasons.[129] However, Hunter et al.[129]

reported the training objective for most players
was to maintain, not increase, their

.
VO2peak

(50mL/kg/min) over the four seasons, based on
similar

.
VO2peak values reported for other college

players.[133] Subsequently, no improvements in.
VO2peak were observed. Conversely, a more re-
cent study involving professional basketball
players[134] has shown that a conditioning pro-
gramme involving speed exercises, technical drills,
match situations and endurance training resulted
in a marginal increase in

.
VO2peak (6%) from pre-

season through to the competitive season.

3.2 Effectiveness of Classic Team Sport
Conditioning

Observing an increase in
.
VO2peak during the

competitive season is not unique to basketball.
Gabbett[131,135] found that amateur rugby league
players undertaking a progressively overloaded
training programme involving specific skill, speed,
muscular power, agility and endurance training
exercises, twice per week, showed an 18–19% in-
crease in predicted

.
VO2peak during the course of a

rugby league season. The same author in a later
study[130] also demonstrated that junior and senior
rugby league players increased aerobic fitness by
between 5.1% and 8.6% over a 14-week pre-season
training period. Despite having lower training
loads, junior rugby league players exhibited greater
adaptations in predicted relative

.
VO2peak than se-

nior rugby league players (8.6% vs 5.1%, respec-
tively). This suggests that junior (~17 years old)
and senior (~26 years old) rugby league players
adapt differently to an absolute training stimulus
and that training programmes should be modified
to accommodate differences in training age.[130]

Furthermore, across three consecutive pre-season

periods, predicted
.
VO2peak values in rugby league

players have been shown to improve progressively
(2001, 7.7%; 2002, 11.8%; 2003, 15.6%; figure 2),
with each pre-season period inducing a significant
increase (p> 0.05) in

.
VO2peak.

[127] This improve-
ment was attributed to a periodized conditioning
programme consisting of two game-specific
training sessions per week of approximately
60–100 minutes’ duration. Interestingly, following
the initial season (2001), training loads were de-
creased through reductions in training duration
(2002) and training intensity (2003), but improve-
ments in

.
VO2peak were still observed. However,

it should be noted that the greater changes in pre-
dicted relative

.
VO2peak over the three pre-season

periods could possibly be a result of the slightly
lower pre-training

.
VO2peak of players in the 2002

and 2003 pre-season periods.[127] Also, current re-
search has questioned the reliability of the multi-
stage shuttle run test for monitoring changes in.
VO2peak.

[136] Lamb and Rogers[136] concluded this
was due to the large amount of random error as-
sociated with various types of predictive equations.
In addition, recent research has also failed to show
a strong relationship between laboratory-derived.
VO2peak and multistage shuttle run test score,[137]

particularly at the elite level.[138] For example, Aziz
et al.[137] found only a moderate relationship be-
tween

.
VO2peak (absolute and relative) and aerobic

endurance performance (multistage shuttle run test
score) [r= 0.43 and r= 0.54, respectively] in 37male
soccer players, suggesting that these two tests were
measuring different aspects of aerobic fitness. As a
result, Kilding et al.[139] have provided modified
equations for predicting

.
VO2peak from the multi-

stage shuttle run test in team sport athletes. Future
research should either use more direct methods for
detecting changes in aerobic fitness, or utilize more
appropriate predictive methods.

Recently, an off-season classic conditioning
approach has been reported to promote increases in.
VO2peak and individual technical skill performance
in adolescent basketball players.[140] In this study,
players were divided into two training groups:
(i) specialized (SP) training, carried out exclusively
on the basketball court; and (ii) mixed (MX)
training, which was similar to SP training but also
included resistance training for muscular strength
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Table II. Influence of a ‘classic’ approach to team sport conditioning on measures of aerobic fitness

Study Sport No. of

males

Mean (–SD)
age (y)

Season Training Findings

duration sessions

per week

session

duration

(min)

mode

Bogdanis et al.[140] Basketball 27a 14.7 – 0.5 Off 4 weeks 5 100–120 Technical, match situations, half and full

court 5v5 SSG, and muscular strength and

power circuit training

.
VO2peak

›5%*

BTS

›17–27%**

Hoffman et al.[128] Basketball 9 18.8 – 0.7 Pre, in 25 weeks 1.5 mile run

time › 5%

Hunter et al.[129] Basketball 24 4 competitive

seasons

2 1.5–3 mile run
.
VO2peak › fl

3 6–20· 100–440 yard runs

Laplaud et al.[134] Basketball 8 24.0 – 4.0 Pre, in 4.7 –0.7
months

19– 2
hours

Speed, technical, match situations and

endurance training

.
VO2peak › 6%
HRrest

fl18%**

Tavino et al.[126] Basketball 9 18–22b Pre, in 6 months 0–5 Weights, aerobic and anaerobic training
.
VO2peak fl 5%

Gabbett[130] Rugby

League

36 17.9 Pre 14 weeks 2 60–100 Skill, speed, muscular power, agility and

endurance training
Pred

.
VO2peak

›9%*

41 25.5 Pre 14 weeks 2 60–100 Skill, speed, muscular power, agility and

endurance training
Pred

.
VO2peak

›5%*

Gabbett[135] Rugby

League

36 17.9 Off, pre,

in

9 months 2 60–100 Skill, speed, muscular power, agility and

endurance training
Pred

.
VO2peak

›19%

Gabbett[131] Rugby

League

52 >18 Off, pre,

in

9 months 2 60–100 Skill, speed, muscular power, agility and

endurance training
Pred

.
VO2peak

›18%

Gabbett[127] Rugby

League

79 22.9 2001 10 months 2 60–100 Periodized game-specific training programme Pred
.
VO2peak

›8%*

65 19.6 2002 10 months 2 60–100 Periodized game-specific training programme Pred
.
VO2peak

›12%*

76 21.5 2003 10 months 2 60–100 Periodized game-specific training programme Pred
.
VO2peak

›16%*

a Adolescents.

b Range.

BTS = basketball technical skills;HRrest= resting heart rate; Pred =predicted; SSG = small-sided games;
.
VO2peak= peak oxygen uptake; fl indicates decrease; › indicates increase;

› fl indicates no change; * p < 0.05, ** p < 0.01.
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and power (see Bogdanis et al.[140] for more details
on training design). Both training programmes in-
cluded five training sessions per week, each lasting
100–120 minutes, for 4 weeks. No training in-
tensity was prescribed; however, intensity was
evaluated by continually monitoring heart rate
during the training sessions. Training load in both
the SP and MX training groups was similar (low

intensity: 58.4– 3.0 vs 64.2– 2.7%; moderate in-
tensity: 37.0– 2.4 vs 32.6– 1.0%; high intensity:
4.6– 1.2 vs 3.2– 1.0% for the SP and MX groups,
respectively). A relatively small but substantial
improvement in aerobic fitness was observed
following both SP and MX training programmes
(SP: 4.9– 1.8%; MX: 4.9– 1.4%; p< 0.05), despite
the training not being specifically designed to
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Fig. 2. (a) Overall training intensity, (b) duration, and (c) peak oxygen uptake (
.
VO2peak) of sub-elite rugby league players over three con-

secutive pre-season preparation periods. Values are mean –95% CI (reproduced from Gabbett,[127] with permission from BMJ Publishing
Group Ltd).
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improve
.
VO2peak.

[140] The small increase could be
due to the aerobic stimuli of classic basketball
training typically not being adequate to induce
more substantial improvements in aerobic fit-
ness,[140] and that insufficient time (5–7%) was
spent at training intensities associated with greater
increases in

.
VO2peak.

[109] Additionally, aerobic fit-
ness typically declines in team sport athletes during
the off-season, which is evident from lower pre-
season yo-yo intermittent recovery test (IRT)
scores than end-season scores in soccer players.[125]

Therefore, a lower
.
VO2peak could have potentially

contributed to the increase in aerobic fitness. These
results help reinforce the findings of Balabinis
et al.[4] in that additional traditional aerobic train-
ing in conjunction with resistance training may
lead to greater gains in aerobic fitness. Perhapsmore
relevant to team sport performance, Bogdanis
et al.[140] showed an improvement (15–25%;
p< 0.01) in four basketball-specific technical
skills (speed shot shooting, passing, dribbling and
defensive sliding) following the training period
for both groups. An improvement in individual
technical skill would logically transfer into better
individual/team performance during a basketball
game, which warrants further research during the
competitive season.

3.3 Limitations of a Classic Approach

Despite these positive changes in fitness, espe-
cially

.
VO2peak, findings from a number of studies

refute the notion that classic team sport training
can result in substantial changes in aerobic fitness.
For example, seasonal changes in aerobic fitness of
elite soccer players appear to increase through
to the start of the competitive season (25%) and
decline, by 5%, when measured at the end of
the season, as illustrated in figure 3.[125] A similar
trend has been observed in a recent analysis
of the aerobic fitness of soccer players over the
course of a soccer season.[141] Similarly, college
basketball training and competition has been
reported to have little effect on aerobic capacity
during a season.[124,126] A pre-season training pro-
gramme consisting of anaerobic conditioning
(5· per week), weight training (3· per week), scrim-
mages (2–4 ·per week) and aerobic conditioning

(5 · per week)[126] resulted in a 4.7% increase in.
VO2peak. However, during the competitive sea-
son, only scrimmages (intra-team games) and
anaerobic conditioning were continued, in con-
junction with approximately two basketball
games per week. Consequently, a 5.3% decrease
in aerobic fitness over the course of the competi-
tive season was observed. When the condition-
ing focus of the training programme does not
include aerobic conditioning, minimal changes in.
VO2peak would be expected, which could be det-
rimental to individual and team performance.
However, it could be argued that the exclusion of
aerobic conditioning from in-season professional
basketball practice is warranted, given that Gil-
lam[124] observed a negative relationship between
points scored per minute of play and the cardio-
vascular endurance of players (r = -0.66). This is
supported indirectly by the more recent findings
of Hoffman et al.,[123] who reported a low corre-
lation (r = 0.10) between the total amount of
playing time per player and aerobic endurance in
basketball athletes, suggesting that those with the
highest levels of aerobic fitness had the least
amount of playing time. The major determinant
of playing time in this study was the coach’s
evaluation of the player’s ability.
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Fig. 3. Seasonal changes in yo-yo intermittent recovery test
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as individual values. * Denotes significant difference (p <0.05) from
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3.4 Summary

Overall, the aerobic capacity of team sport
players (basketball, rugby league and soccer) has
been shown to increase throughout the pre-
season and decrease during the competitive sea-
son, when using a classic team sport conditioning
approach.[125,126] The reduced attention to aero-
bic conditioning during the competitive season,
in some sports, suggests that the importance of
aerobic endurance may be underrated. In some
instances this may be warranted, if other aspects
(technical or physical) are shown to be more im-
portant. Accordingly, it appears that coaches,
along with strength and conditioning profes-
sionals, prioritize training regimens focused on
improving anaerobic fitness during the competi-
tive season, most probably because high-intensity
activities are associated with important game
winning situations, such as scoring points in
basketball or a try in rugby union. However, it
should be emphasized that a lack of focus on
aerobic conditioning is also very likely to influ-
ence the ability to repeatedly perform, and re-
cover from, high-intensity activity (sprints), so
the absence of aerobic conditioning during the
competitive season, regardless of sport, may not
represent best practice in terms of optimizing the
condition of athletes. Further research is needed
to determine the impact of classic team sport
conditioning regimens on aerobic fitness and
possibly game performance so that the strengths
and weaknesses of such approaches can be iden-
tified for different team sports. Future training
studies can then be developed to further develop
strengths and improve on weaknesses. Further-
more, there is a need for strategies to be devel-
oped that show coaches of team sports how two
components of the game can be worked on si-
multaneously, such as aerobic endurance and
technical skill.

4. Sport-Specific Aerobic Conditioning
for Team Sports

4.1 Definition

The departure from traditional aerobic con-
ditioning methods appears to be the result of the

design and greater use of sport-specific aerobic
conditioning sessions. Sport-specific aerobic
conditioning generally involves small-sided con-
ditioning games or dribbling tracks/circuits,
which incorporate skills and movements specific
to the sport into a physical framework. Indeed,
such aerobic conditioning methods are being
increasingly implemented in professional team
sport environments (table III)[142,143] with an in-
creased emphasis on training ‘with the ball’ where
possible.[8-14,130] The perceived benefits of per-
forming sport-specific exercise, rather than tra-
ditional aerobic conditioning, are that: (i) the
training will transfer better into the athletes’
competitive environment; (ii) the greatest train-
ing adaptations will occur when the training sti-
mulus simulates the specific movement patterns
and physiological demands of the sport;[83]

(iii) skill-based conditioning games provide an
opportunity to develop decision-making and
problem-solving skills, under stressful physical
loads;[144] and (iv) it is possible that team sport
players may respond better psychologically, in
terms of motivation, to sport-specific physical
conditioning rather than nonspecific traditional,
continuous or interval-based conditioning. In
consideration of these factors, researchers have
designed and investigated the efficacy of various
sport-specific methods to develop aerobic
endurance.[9,18]

4.2 Examples of Sport-Specific Aerobic
Conditioning

Sport-specific aerobic conditioning can take
many forms. One example is a dribbling circuit
that incorporates changes of direction, accelera-
tion and deceleration and skills specific to the
sport. Such circuits have been utilized to improve
aerobic fitness, especially in soccer.[8,9,13] One of
the first studies to investigate the effectiveness
of this strategy was conducted by Hoff et al.,[9]

who designed a soccer-specific dribbling track
(figure 4), where accelerations, changes of direc-
tion and activities with the ball were used for
specific interval training, alongside small-sided
games. In Norwegian first division players,
Hoff et al.[9] reported that interval training using
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Table III. Soccer-specific aerobic conditioning in team sports and the subsequent influence on aerobic fitness

Study No. of

subjects

Mean (–SD)
age (y)

Season Training intervention Findings

duration sessions

per week

mode (work : recovery) intensity

Chamari et al.[8] 18 M 14.0 – 0.4 In 8 weeks 2 (4min : 3min) · 4, Hoff Track
and 4v4 SSG

90–95% HRpeak :
60–70% HRpeak

.
VO2peak › 8%
RE fl14%**

Hoff et al.[9] 6 M 22.2 – 3.3 (4min : 3min) · 4, Hoff Track
(4 min : 3min) · 4, 5v5 SSG

90–95% HRpeak :
70% HRpeak

90–95% HRpeak :
70% HRpeak

94% HRpeak, 92%.
VO2peak

a

91% HRpeak, 85%.
VO2peak

a

Kelly and Drust[10] 8 M 18.0 – 1.0 (4min : 2min) · 4, 5v5 SSG,

30· 20m pitch

(4min : 2min) · 4, 5v5 SSG,

40· 30m pitch

(4min : 2min) · 4, 5v5 SSG,

50· 40m pitch

91% HRpeak
a

90% HRpeak
a

89% HRpeak
a

Little and

Williams[11]
23 (sex

not given)

22.8 – 4.5 (2min : 2min) · 4, 2v2 SSG,

30· 20m pitch

(3min : 1.5min) · 4, 3v3 SSG,

40· 30m pitch

(3.5min : 2min) · 5, 4v4 SSG,

50· 30m pitch

(5min : 1.5min) · 3, 5v5 SSG,

55· 30m pitch

(6min : 1.5min) · 3, 6v6 SSG,

60· 40m pitch

(10min : 1.5min) · 3, 8v8 SSG,

70· 45m pitch

(2min : 2min) · 5, 5v5 pr SSG,

60· 35m pitch

(2min : 2min) · 5, 6v6 pr SSG,

65· 30m pitch

91% HRpeak
a

91% HRpeak
a

90% HRpeak
a

89% HRpeak
a

88% HRpeak
a

88% HRpeak
a

90% HRpeak
a

91% HRpeak
a

Little and

Williams[12]
28 (sex

not given)

24.0 – 5.0 In (2min : 2min) · 4, 2v2 SSG,

30· 20m pitch

(3.5min : 1.5min) ·4, 3v3 SSG,

43· 25m pitch

(4min : 2min) · 4, 4v4 SSG,

40· 30m pitch

(6min : 1.5min) · 4, 5v5 SSG,

45· 30m pitch

(8min : 1.5min) · 3, 6v6 SSG,

50· 30m pitch

89% HRpeak
a

91% HRpeak
a

90% HRpeak
a

89% HRpeak
a

88% HRpeak
a

88% HRpeak
a

Continued next page
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a dribbling track resulted in physical loads
equivalent to 94% HRpeak and 92%

.
VO2peak,

which are optimal intensities for developing
aerobic fitness.[109] Similarly, it was demon-
strated that accompanying interval training ses-
sions using small-sided games (5 vs 5) induced
steady-state exercise intensities of 91% HRpeak,
corresponding to approximately 85%

.
VO2peak.

The small sample size in this study (n = 6) is an
obvious limitation; however, other recent re-
search reinforces this finding where exercise in-
tensities achieved during small-sided games of
various conditions were found to range from
87% to 91%HRpeak.

[10-12] Together, both training
modes provided an optimal training intensity.
Interestingly, however, players with the highest.
VO2peak elicited the lowest percentage of

.
VO2peak

during small-sided games, suggesting that the
playing situation designed for this experiment
had a ceiling effect for the achievable intensity,
and consequently the development of aerobic
endurance. That is, the technical/tactical con-
straints of the game prevented maximal in-
tensities from being reached for some players.
Therefore, for athletes with an already high
aerobic capacity, and with a good skill level,
the aerobic energy system would not be fully
stimulated under these training conditions.

It may be preferential to prescribe traditional,
interval-based, aerobic conditioning, where high
workloads can be achieved for sustained periods.
Alternatively, it is possible that with some mod-
ification – e.g. reducing the number of players,
coach encouragement, or increasing the pitch size
– such small-sided games may elicit a more in-
tense/strenuous scenario, which could be physio-
logically beneficial for athletes with a relatively
high initial aerobic fitness. In support, it has been
shown that three-a-side small-sided games result
in more high-intensity activity, greater overall
distance covered, less jogging, less walking,
higher heart rates and more tackling, dribbling,
goal attempts and passes than five-a-side soccer
games.[145] Likewise, some evidence suggests that
when player numbers are kept constant, a larger
playing area increases the intensity of the activity,
while a smaller playing area has the opposite
effect.[14] Independent of player numbers andT
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pitch size, the skill level of the player may influ-
ence the achievable exercise intensity. For ex-
ample, it has been reported that junior players,
with less skill, are not able to maintain the skill/
drill/technique at a fast enough pace, or with
sufficient consistency, to achieve and maintain
the required metabolic stress; as such, training
may be counterproductive.[146] Such athletes may
not achieve the optimal physiological adaptation
during sport-specific aerobic conditioning, which
might negatively influence future playing perfor-
mance. Clearly, examining the characteristics of
responders versus non-responders (e.g. age, skill
level and fitness level) to modern aerobic con-
ditioning approaches, such as small-sided games
and dribbling circuits, presents itself as a future
research opportunity.

4.3 Small-Sided Games for Soccer

Asmentioned above, themodifiable characteristics/
parameters of small-sided gamesmay be influential
in determining physical loads. In a comprehensive

study, Rampinini et al.[14] examined the effects of
player numbers, field dimensions and coach
encouragement on the exercise intensity of small-
sided soccer games, designed specifically for aero-
bic conditioning. Twice per week, over 8 months,
20 amateur soccer players performed a total of
67 three-, four-, five- or six-a-side games as interval
training. Games were played on three different-
sized pitches with varying dimensions (small:
12–24· 20–32m; medium: 15–30· 25–40m; large:
18–36· 30–48m), with and without coach en-
couragement. Each small-sided game consisted of
three bouts of 4 minutes, with 3 minutes of active
recovery separating bouts. A specific training in-
tensity was not prescribed for the work intervals,
nor was the type of activity defined for the recovery
periods. Although not the primary aim of the
study, performance measures following the train-
ing period increased, with the group mean for the
yo-yo IRT improving by 7.4% (p< 0.01) and for
the yo-yo endurance test, by an extraordinary
44.3% (p< 0.001). These increases provide evidence
of the benefits of performing sport-specific aerobic
conditioning in soccer players. An improvement
in yo-yo IRT performance suggests a potential
increase in soccer performance, given that the
amount of high-intensity running performed dur-
ing a soccer match has been closely associated with
the distance covered during the yo-yo IRT.[125] The
factor that had the greatest impact on the physio-
logical response to small-sided games was en-
couragement, followed by player numbers and
field dimensions.[14] Three-a-side games were more
intense than four-, five- and six-a-side games, irre-
spective of field dimensions and coach encourage-
ment. Higher exercise intensities when fewer
players are on the pitch might be due to the players
having more possession of the ball.[147,148] In the
same way, a larger pitch size produced higher ex-
ercise intensities than a smaller size (1%; p< 0.017),
independent of player numbers and coach en-
couragement, albeit only marginally. Not surpris-
ingly, in all situations, small-sided games with
coach encouragement produced higher heart rate
(2.5%) and blood lactate concentration (30%) re-
sponses than without. By manipulating such vari-
ables, it would be possible to impose a sufficient
physiological stress on players already possessing

Start

10 m

2 m
15 m

A

B

20 cm hurdle
cone

10 m

10 m

30 m

Fig. 4. Soccer-specific dribbling track – ‘The Hoff Track’ (re-
produced from Hoff et al.,[9] with permission from BMJ Publishing
Group Ltd).

630 Stone & Kilding

ª 2009 Adis Data Information BV. All rights reserved. Sports Med 2009; 39 (8)



a high level of aerobic fitness. A factor not con-
sidered by Rampinini et al.[14] was the impact of
playing rules, or ‘conditions’, on the physiological
responses to small-sided games.

In contrast to Rampinini et al.,[14] Kelly and
Drust[10] showed that when player numbers are
kept constant, pitch dimensions do not seem to
influence the intensity of small-sided games when
expressed as %HRpeak (table III). In addition, no
significant difference was observed in the total
number of technical actions (passing, receiving,
turning, dribbling, interceptions and heading)
performed by players when pitch dimensions in-
creased. The similarity in the frequency of technical
actions across varying pitch dimensions suggests
that pitch size is not a major determinant of the
number of technical actions performed.[10] How-
ever, important technical actions, such as shots on
goal, were significantly greater using a small pitch
than with a medium or large pitch (small: 85– 15;
medium: 60– 18; large: 44– 9; p< 0.05). Therefore,
these findings suggest that altering pitch dimen-
sions should be considered if a combined physical
training stimulus and technical work on shoot-
ing in soccer is desired. The differing results of
Rampinini et al.[14] andKelly andDrust[10] demon-
strate the need for a better understanding of the
factors that contribute to overload in small-sided
games.

Other research into small-sided soccer games
has revealed such modes of aerobic conditioning
are a reliable aerobic training stimulus.[11,149]

The work of Hill-Haas et al.[149] and Little and
Williams[11] has demonstrated low variability
across a variety of small-sided game formats
where player numbers and pitch dimensions have
been altered. Such studies have demonstrated
low variability in physiological measures (such
as %HRpeak

[11,149]) and time-motion measures
(such as total distance covered and percentage of
total time at low velocities[149]) during both con-
tinuous and interval-based small-sided games.
However, test-retest variability tends to increase
for higher velocities,[149] possibly due to global
positioning systems only sampling distance at
1 Hz combined with the duration of high-
intensity efforts being very brief (<2 sec). The
reliability of the physiological responses and

external loads observed during small-sided
conditioning games for soccer suggest that
such training modes allow for optimized group
physical conditioning and therefore represent a
viable alternative to traditional running interval
training for developing and maintaining aerobic
fitness.

Similar to the work of Hoff et al.,[9] Chamari
et al.[8] reported on an 8-week (twice per week)
training study involving 18 young male soccer
players. Once per week, players performed four
4-minute bouts on the Hoff track, at 90–95%
HRpeak, separated by 3 minutes’ active recovery at
60–70%HRpeak. During the second session, on the
following day, players participated in small-sided
games (4 vs 4) on a 20m square pitch, at the same
intensity as in session one. The 3-minute active re-
covery involved two players passing and juggling
with the ball. When expressed in mL/kg/min,
this training regimen resulted in a 7.5% increase in.
VO2peak and a 14% improvement in running
economy when running at 7 km/h. Heart rate at
7 km/h also decreased by 9beats/min, indicating
improved stroke volume. Likewise, with 16 young
male soccer players, McMillan et al.[13] demon-
strated that 10 weeks of aerobic endurance train-
ing, using the Hoff track in a similar manner to
Chamari et al.,[8] was equally effective in elevating.
VO2peak (6.4mL/kg/min, or 9%). Given these re-
ported improvements in

.
VO2peak, and considering

the findings of previous research,[5] it is reasonable
to suggest that a concomitant increase in total
distance travelled and average exercise intensity
would be observed during a competitive match,
following each training period. Unfortunately,
weaknesses in both the Chamari et al.[8] and
McMillan et al.[13] studies were a low sample size,
the lack of a control group, and that no match
performance measures were reported following the
training intervention periods. Despite these lim-
itations, both studies demonstrate that a specifi-
cally designed dribbling track, and small-sided
conditioning games, allow young soccer players
to perform at high percentages (>85%) of HRpeak

and
.
VO2peak, resulting in improvements in

.
VO2peak

of 7.5–9% over an 8- to 10-week period.
Regardless of the recent advances in aerobic

conditioning for team sport athletes, elite soccer
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players who are playing the most matches and
are training the most for soccer still have only
modest

.
VO2peak values – typically an average of

60–64mL/kg/min.[6] Hoff and Helgerud[112] have
addressed this, explaining that the stroke volume
of the heart needs to be increased by achieving
high cardiac outputs for sustained periods during
training. This consequently leads towards a
training model that is of high aerobic intensity,
but also with a duration long enough to create
high cardiac output without breaking the mus-
cular-venous pumping action that is fundamental
for a high stroke volume.[86] This potentially in-
dicates, from a purely physiological perspective,
that small-sided games could have a potential
limitation in providing a sufficient stimulus,
as they are often more intermittent than tradi-
tional methods of training (i.e. interval running),
thus setting the muscular-venous pump to zero
and consequently not allowing a high stroke
volume to be achieved. In consideration of this,
the rules/structure of small-sided games could
be manipulated to create fewer stops in player
movement in an attempt to create a greater
cardiovascular load.

4.4 Small-Sided Games for Other Sports

Most previous sport-specific training studies
have considered soccer; however, there are also
studies in other sports, such as rugby league[18,150]

and rugby union.[151] Skill-based conditioning
games for rugby league have been designed to
develop specific aspects of the game, including
scrambling defence and support play, the ability
to play the ball at speed, defence line speed, ball
control and patience. During such conditioning
activities, Gabbett[150] measured similar heart
rate (152 vs 155 beats/min) and blood lactate
concentrations (5.2 vs 5.2mmol/L) during com-
petition and training, which suggests that skill-
based conditioning games have the capacity to
replicate the intensity of rugby league competi-
tion. However, simply replicating game intensity
is not enough to induce reasonable improvements
in aerobic function, which, as outlined pre-
viously, depends on factors such as exercise
intensity and duration.[109] A more detailed

discussion of the effectiveness of skill-based con-
ditioning games, when compared with traditional
aerobic conditioning methods for rugby league
players, can be found below (section 5). In addi-
tion, blood lactate measures have been reported
to be a poor indicator of muscle lactate[51] and are
directly influenced by the amount of high-in-
tensity activity performed within 5 minutes of the
blood sample being taken.[19] Therefore, such
observations must be interpreted with caution.
Likewise, the primary activities of skill-based
conditioning games in rugby league and rugby
union tend to be focused largely on technique
compared with physical development (although
this will happen to some extent at the same time),
and this may influence the extent of improve-
ments in specific aerobic parameters such as.
VO2peak and exercise economy.

4.5 Summary

There is no doubt that sport-specific aerobic
conditioning has the ability to induce positive
changes in aerobic fitness (and technique under
physical load), as demonstrated by the collective
results of the described studies. However, athletes
with high fitness levels and young players with
limited skill may not benefit from small-sided
games if the specifics of the game (number of
players involved and pitch size) are not con-
sidered. Dribbling circuits may be more bene-
ficial in this respect. Regardless, in most studies,
evidence of the impact of sport-specific aerobic
conditioning on subsequent game performance is
lacking, though the inherent difficulties and
challenges in collecting worthwhile match per-
formance data are acknowledged.

5. Traditional versus Sport-Specific
Aerobic Conditioning for Team Sports

Whilst there has been an increase in the use of
sport-specific conditioning approaches for team
sports, several researchers have questioned the
effectiveness when compared with traditional
methods of conditioning (table IV).[16-18,152] Since
a number of investigations,[125,126,141] but not
all, have shown that aerobic fitness declines
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Table IV. Effect of traditional vs sport-specific aerobic conditioning on team sport performance and aerobic fitness

Study Sport No. of

subjects

Mean (–SD)
age (y)

Season Group Training intervention Findings

duration

(wk)

sessions

per week

session

duration (min)

mode

(work : recovery)

intensity

Gabbett[18] Rugby

League

37 M 22.1 – 0.9 In Spec 9 2 60–100 Skill-based

conditioning games
Pred

.
VO2peak

› 5%*

3 : 1 win-loss

ratio

32 M 22.3 – 0.8 In Trad 9 2 60–100 Speed, power, agility

and endurance

training

Pred
.
VO2peak

› 5%*

3 : 1 win-loss

ratio

Impellizzeri et al.[15] Soccer 14 Pre

and In

Spec 12 2 (4min : 3min) ·4,
SSG

Unknown :
60–70% HRpeak

Distance

covered ›4%
HI activity ›26%

15 Pre

and In

Trad 12 2 (4min : 3min) ·4,
running intervals

90–95%
HRpeak : 60–70%
HRpeak

.
VO2peak › 8%
%

.
VO2peak at LT

› 4%
RE at LT fl3%
Distance

covered ›6%
HI activity ›23%

Reilly and White[16] Soccer 9 18.2 – 1.4 Spec 6 2 (4min : 3min) ·6,
5v5 SSG

Unknown:

50–60% HRpeak

.
VO2peak › fl
Lapeak › fl

9 18.2 – 1.4 Trad 6 2 (4min : 3min) ·6,
running intervals

85–90%
HRpeak : 50–60%
HRpeak

Lapeak › fl

Sassi et al.[17] Soccer 9 Spec 4v4 and 8v8 SSG 91% HRpeak
-

Trad Running intervals 85% HRpeak
-

a Findings demonstrate the intensities achieved during one bout of the training mode.

HI= high-intensity; HRpeak =heart rate peak; Lapeak= lactate peak; LT = lactate threshold; M =male; Pred =predicted; RE = running economy; SSG = small-sided games;

Spec = sport-specific training group; Trad = traditional training group;
.
VO2peak= peak oxygen uptake; fl indicates decrease; › indicates increase; › fl indicates no change;

* p <0.05.
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throughout the competitive season, a priority
for team sport athletes during the competitive
season must be to focus on at least maintaining
aerobic fitness, while at the same time keeping up
the practice of game skills.[16] Sport-specific
aerobic conditioning methods may prove useful
in achieving such priorities, especially when the
time between competitive engagements is short.
However, coaches and trainers alike need
reassurance that sport-specific methods are as
effective as traditional approaches for develop-
ing aerobic fitness. It has yet to be clearly identi-
fied whether a combined training stimulus of
skill-based conditioning games, traditional
conditioning activities and strength training
would improve physiological capacities to a
greater extent than either skill-based condition-
ing games or traditional conditioning activities
alone. Nevertheless, many authors have pro-
posed sport-specific exercises, such as small-sided
games, as an alternative mode of aerobic con-
ditioning for team sport athletes.[11,12,16-18,149,152]

5.1 Traditional and Sport-Specific Aerobic
Conditioning Approaches in Soccer

Several studies have compared the effectiveness
of traditional aerobic interval conditioning with
skill-based conditioning games in soccer play-
ers.[16,17,152] Reilly and White[16] trained 18 profes-
sional, premier league soccer players twice per
week for 6 weeks. Sport-specific conditioning in-
volved six 4-minute bouts of 5 versus 5 small-sided
games, interspersed with 3 minutes of active re-
covery (jogging at 50–60% HRpeak). Intensity of
work intervals during the small-sided games was
not reported. Aerobic interval conditioning in-
volved performing six 4-minute periods of running
at 85–90% HRpeak, interspersed with 3 minutes’
active recovery, again jogging at 50–60% HRpeak.
After the training intervention, predicted

.
VO2peak

increased by 0.2% (57.7– 3.0 to 57.8– 3.0
mL/kg/min) for the sport-specific group and by
0.3% (57.8– 3.2 to 58.0– 3.2mL/kg/min) for the
aerobic interval group. This negligible improve-
ment in

.
VO2peak is somewhat surprising, given

that the prescribed intensity of interval work was

similar to that previously employed,[5,8,13] where,
despite higher pre-training

.
VO2peak values than

reported here, the training intervention resulted in
large (7.5–9%) increases in

.
VO2peak. The lack of

improvement in aerobic fitness observed by Reilly
and White[16] may be related to the number of
players involved in the small-sided games,[145] the
rules of the game, and/or the playing area in which
the conditioning games were conducted.[153] Ad-
ditionally, indirectly measuring

.
VO2peak using the

multistage shuttle run test may have influenced
the accuracy of such findings.[139] Nevertheless, it
was concluded by the authors that small-sided
conditioning games were an acceptable substitute
for aerobic interval training to maintain fitness
during the competitive season. Similarly, Sassi
et al.[17] compared the responses of repetitive in-
terval running with small-sided games (4 vs 4 and
8 vs 8) and drills for technical/tactical training in
top European league soccer players. Repetitive
running consisted of 4· 1000m runs, separated by
150 sec of recovery. The authors concluded that
small-sided games with the ball could present
physiological training stimuli comparable to
and sometimes exceeding interval training with-
out the ball. This was demonstrated by the higher
heart rates observed during small-sided games
(178– 7 beats/min) than in the repetitive running
bouts (167– 4beats/min). This finding supports
the earlier work of Reilly and Ball,[148] who showed
a higher energetic cost of dribbling with a ball
compared with normal running. The authors
found, irrespective of speed, an added cost of
5.2 kJ/min when a ball was involved and an in-
crease in blood lactate concentration. Collectively,
therefore, these findings suggest that small-sided
games are adequate alternatives to traditional
repetitive running bouts.

In a similar study, but of longer duration
(14 weeks), 29 soccer players trained twice a week
with part of the training session devoted to aero-
bic interval training.[152] Both the sport-specific
(n = 14) and generic training (n = 15) groups
completed four bouts of exercise lasting 4 min-
utes, separated with 3 minutes of active recovery
(60–70% HRpeak), as suggested by Helgerud
et al.[5] There was, however, no control group for
this study. The mode of exercise for the generic
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training group was running around a regular
soccer pitch at an intensity corresponding to
90–95% HRpeak. The sport-specific training
group played different small-sided games (3 vs
3 with goal keeper, 2–3 ball touches, 25 · 35m
field dimensions; 4 vs 4 with goal keeper, 2 ball
touches, 40 · 50m field; 4 vs 4 and 5 vs 5). The
average exercise intensity, expressed as a percen-
tage of HRpeak, during the generic training
sessions was not different from that achieved
during the sport-specific training sessions
(90.7 – 1.2% and 91.3 – 2.2%, respectively), sug-
gesting that both approaches result in sufficient
exercise intensities to promote aerobic adapta-
tion. However, after training, greater increases
in

.
VO2peak (7%), LT (10%) and exercise economy

at LT (2%) were observed in the generic train-
ing group. Despite similar training intensity
and pre-training

.
VO2peak values (56–58[152] and

58mL/kg/min[16]), these increases are sub-
stantially greater than those previously reported
by Reilly and White.[16] The differences observed
are most probably due to the greater duration
of the training intervention (14 vs 6 weeks).
Nevertheless, it should be noted that the im-
provements reported by Impellizzeri et al.[152]

are lower than the corresponding 10%, 16% and
7% increases in

.
VO2peak, LT and exercise econo-

my, respectively, reported by Helgerud et al.[5]

after only 8 weeks of interval training. This could
be explained by different initial fitness levels
and possibly the type of training programme
employed by Helgerud et al.[5] prior to the
training intervention.

More importantly, in addition to the measured
increases in aerobic fitness, Impellizzeri et al.[152]

observed substantial changes in several measures
of match performance, for both training groups,
albeit derived from one (post-training) match
analysis. Most relevant to soccer performance
were the increases in the time spent performing
high-intensity activities, 22.8% and 25.5% for
the generic and sport-specific training groups,
respectively. The amount of high-intensity activ-
ity performed is generally accepted to differ-
entiate top-level professional players from those
of a lower standard, and therefore it is an im-
portant parameter to consider.[25] In addition,

high-intensity activities are generally associated
with critical moments in a soccer match, such as
scoring a goal. The total distance covered during
match play also increased post-training, by 6.4%
and 4.2% for the generic and sport-specific
training groups, respectively. However, these
increases (594 and 399m) were lower than the
remarkable 1716m previously reported by
Helgerud et al.[5] While soccer players generally
do not run around on the pitch without purpose
or intent, the total distance travelled during a
soccer match is a poor indicator of soccer per-
formance.[30] The differences in the improve-
ments in total distance travelled in these studies
could have been influenced by several factors,
including: (i) the importance of the match; (ii) the
skill level of the opposition; (iii) seasonal varia-
tion;[43,44] and (iv) the tactical approach used.
Other match performance characteristics eval-
uated included the time spent performing low-
intensity activities, which increased by 18.2%
for the generic training group and by 7% for
the sport-specific training group. This difference
is difficult to explain, given that both groups
performed active recovery – jogging at 60–70%
HRpeak. Active recovery during training would
essentially induce improvements in exercise
economy at the intensities associated with re-
covery, therefore allowing greater ground to be
covered during a match situation at lower in-
tensities. Finally, time spent walking decreased
in both groups by a similar amount (9.3%
and 8.2% for the generic and sport-specific
training groups, respectively). This suggests
that players were more ‘engaged’ in the game. In
summary, the findings of Impellizzeri et al.[152]

demonstrate that sport-specific aerobic con-
ditioning has minimal advantages over tradi-
tional interval-based aerobic conditioning,
with respect to increases in aerobic fitness
and, most importantly, match performance
characteristics. It should be noted that these
findings refer only to soccer. Future studies
could examine the influence of combining
both sport-specific and traditional aerobic con-
ditioning methods within the same training
programme and its subsequent effects on match
performance characteristics.
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5.2 Traditional and Sport-Specific Aerobic
Conditioning and Other Sports

In other football codes, interval training using
distances and activities specifically related to
competition has been reported. For example, in
rugby league, activities such as (i) moving up and
back over 10m for periods of 30–90 sec; (ii) repeat
tackling efforts on a bag for 5–10 repetitions; and
(iii) sprint efforts over distances of 5–60m have
been recommended, with varying exercise-to-rest
ratios.[143] Recently, similar skill-based con-
ditioning games have been compared with tradi-
tional conditioning activities in rugby league.[18]

Skill-based conditioning consisted of games
designed to develop passing, catching and ball-
carrying technique, tackling technique, scram-
bling defence and supportive play, play-the-ball
speed, defensive line speed and shape, and ball
control. Traditional conditioning sessions were
not strictly aerobic in nature and consisted of
speed, muscular power, agility and aerobic en-
durance training common to rugby league. Both
groups performed twice-weekly training sessions,
of approximately 60–100min duration, over a
9-week in-season training period. Training in-
tensity was estimated using a modified rating of
perceived exertion scale:[154] no significant dif-
ferences were detected between conditioning
groups. Gabbett[18] compared the performance of
rugby league athletes participating in skill-based
conditioning games versus traditional condition-
ing, and observed similar increases in predicted.
VO2peak (4.7% and 5.2%, respectively). In terms
of performance, both groups won 75% of their
games during the training period; however, the
teams adopting the skill-based conditioning
games approach scored significantly more points
per game (61%; p < 0.05) and conceded fewer
points per game compared with traditional
training methods. As previously mentioned for
soccer,[7] these differences could be influenced
by several factors, including, but not limited to,
ground and environmental conditions, injuries
and the quality of the opposition.[18] However,
skill-based conditioning games have been
recommended for team sport athletes as a
method of developing skills under pressure and

fatigue.[155,156] As such, the sport-specific training
regimen employed by Gabbett[18] appeared to
transfer better into the competitive rugby league
environment, enhancing decision-making while
under pressure from opposition and ultimately re-
sulting in greater points scored and fewer points
conceded. However, many factors can influence
the points differential during rugby league, making
this method of assessing the impact of sport-spe-
cific aerobic conditioning methods on team per-
formance somewhat unreliable. Therefore, future
research could examine the effect of traditional and
sport-specific aerobic conditioning methods on
standardized running protocols that reflect the
competition demands of rugby league.

5.3 Summary

It appears that sport-specific and traditional
aerobic conditioning approaches are equivocal
in soccer and rugby league, in terms of develop-
ing aerobic fitness and match performance. As
expected, the magnitude of response in most
instances is dependent upon the intensity, fre-
quency and duration of training, as well as the
total duration of the training programme and the
initial fitness level of the athletes involved. Sport-
specific conditioning games may be slightly more
strenuous than traditional training approaches,
as demonstrated by elevated heart rate responses,
which may potentially evoke greater improve-
ments in cardiovascular function and subse-
quently aerobic fitness. These higher responses
can be attributed to the additional physical de-
mands imposed on players during activities such
as small-sided games,[157] where the use of a ball
increases the metabolic cost of performing any
given activity, and possibly increased motivation
and enthusiasm of players when completing
sport-specific conditioning games/drills. Un-
fortunately, many studies are hampered by a
small sample size, lack of a control group, and
indirect measures of aerobic fitness.

6. Conclusion

It has been well established (especially in
basketball, rugby union and soccer) that team
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sport athletes require a well developed level of
aerobic fitness, in order to maintain repeated
high-intensity efforts and to recover adequately
between such activities throughout a typical
game (40–90min). Research to date suggests that
these adaptations can be achieved by regularly
performing aerobic conditioning. Traditional
aerobic conditioning, with minimal changes of
direction and no skill component, has been de-
monstrated to effectively increase aerobic func-
tion within a 4- to 10-week period in team sport
players. More importantly, traditional aerobic
conditioning methods have been shown to in-
crease sport performance substantially, with in-
creases in total distance covered and the number
of sprints performed during a match.

Many professional team sports require the
upkeep of both aerobic fitness and sport-specific
skills during the competitive season. With classic
team sport trainings being shown to evoke mar-
ginal increases/decreases in aerobic fitness, sport-
specific aerobic conditioning methods have been
designed to allow adequate intensities to be
achieved to induce improvements in

.
VO2peak.

Such activities have incorporated movement- and
skill-specific tasks, such as small-sided games and
dribbling circuits.

Sport-specific conditioning methods have been
demonstrated to promote increases in

.
VO2peak;

however, little research to date has addressed the
subsequent effects on game performance. The ef-
fectiveness of sport-specific conditioning appears
to be influenced by the skill level of the athlete,
where those with a lower skill level may not be able
to maintain the skill or drill at a suitable intensity
to promote the desired aerobic adaptations. Cur-
rent fitness must also be considered. Players with
already high levels of fitness may easily achieve the
desired physical load during small-sided games and
thus not achieve a training effect. Skill- and fitness-
related issues can be overcome by manipulating
conditions such as player numbers, field dimen-
sions, game rules and coach encouragement:
smaller playing numbers, larger playing areas
and coach encouragement tend to increase the
metabolic loading of small-sided games. When
traditional and sport-specific conditioning ap-
proaches are compared, results are equivocal. Both

approaches promote similar increases in aerobic
fitness and sport performance when training in-
tensity and volume are constant. Definitely the
most important benefit of performing sport-
specific conditioning is that it allows for both
aerobic fitness and game skills to be developed
simultaneously.
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