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ABSTRACT

Small-sided games (SSG) incorporating skills, sppecific movements, at intensities
sufficient to promote aerobic adaptations, are d@iareasingly implemented in professional
team sport environments. SSG are often employecbbghes based on the premise that the
greatest training benefits occur when training $atas the specific movement patterns and
physiological demands of the sport. At presentethe relatively little information regarding
how SSG can best be used to improve physical démeind/or technical and tactical skills
in team sports. It is possible that with some modifons (e.g. number of players, pitch size,
coach encouragement, and wrestling), such games bmaaghysiologically beneficial for
athletes with relatively high initial aerobic fiselevels. For instance, it has been shown that
three-a-side soccer SSG resulted in higher inteKisé. greater overall distance, less jogging
and walking, higher heart rate, and more tackldgrihbling, goal attempts, and passes) than
five-a-side SSG. Likewise, when player numbers weapt constant, a larger playing area
increased the intensity of the SSG with a smallayipg area having the opposite effect. It
has also been demonstrated that energy expenditasesimilar between badminton and
volleyball courts, but lower than that obtainedairbasketball court. Moreover, it has been
demonstrated in rugby that wrestling can increhsephysical demands of SSG. Consistent
coach encouragement can also increase trainingsitye although most rule changes have
trivial or no effect on exercise intensity. Furtmesearch is required to examine the optimal
periodization strategies of SSG training for th@gderm development of physiological
capacity, technical skill, and tactical proficiengyhile also minimizing the associated risk of

injuries.
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INTRODUCTION

Small-sided games (SSG) are one of the most comanda used by coaches for soccer
training. Whereas in the past SSG were mainly ts@aprove the interaction among players
and to develop technical and tactical abilitiegytlare now employed by many amateur and
professional teams as an effective tool for aertfaiming (6).SSG are often used by adults
as part of their regular training programs in vasidorms, depending on the aim and the
philosophy of the coach. SSG allow more time speahaging the ball under game-like
conditions compared with generic training. Thusshexercise sessions in team sports have
SSG played with a reduced number of players onallsnarea than the regular official game
pitch size (55). In recent years, the physiologsaéss generated in soccer SSG has been
examined with respect to its potential to improeeodic fitness (35). The advantages of SSG
or training with the ball are commonly consideredhwespect to the attainment of an
exercise intensity of 90—-95% of maximum heart (&Bmax), which has been proposed to
enhance soccer-specific endurance capacity, dewgope-specific muscle-groups, improve
technical and tactical abilities in game-specifinditions, and assume an effective transfer to
match play (31, 36, 12). Impellizzeri et al. (3Avh shown that SSG are equally effective at
improving aerobic fitness as common fitness trajractivities such as interval running with
an intensity of 90-95% of HRmax. Dellal et al. (#$0 showed that some SSG formats
resulted in HR responses comparable with shorttidurantermittent running. Therefore,
SSG appear to be effective in combining motor le@inteam cohesion components, and

aerobic fitness training.

Hill-Haas et al. (33) and Aguiar et al. (2) haveartly summarized the literature relating to
SSG in football. However, to date, the literatubaaerning the effect of SSG on physical and

physiological responses and tactical and techrabdities during different team sports has



not been summarized. All factors affecting the S8@e different team sports are analyzed
separately in order to understand their importaimcéhe response of players to training.
Therefore, a review summarizing the technical, i¢att and physiological responses of
athletes to SSG would provide a more complete @taleding of the potential benefits of this

training modality.

The present manuscript is designed to summarizeutrent “state of play” in SSG research
by reviewing the scientific literature concerninigettechnical, tactical, and physiological
benefits associated with SSG training. A deeperertstdnding of the influence of
manipulating variables in order to alter the playeesponses to SSG will assist coaches to
have better control over training, and thus createore efficient training process. Given the
increasing amount of research conducted on SSGam tsports and the fact that some
variables are specific to only one sport (e.g. diresin rugby), an updated review on SSG is
justified. This review represents a useful synthesiall research on SSG in team sports, and
helps to identify areas for future research, inicigdhe investigation of the technical load and
tactical transfer of SSG to match performance &edinjury rates relative to such a specific
training stimulus. Finally, this review serves twther establish SSG training as an alternative

conditioning method for team sport players.

This manuscript is presented in four sections. flisé examines the variables affecting SSG
training intensity. The second describes differgmes of comparisons in SSG. The third
examines studies comparing SSG training with irgtietvaining (i.e. acute physiological

comparisons). The final section concludes the vevaed provides suggestions for further

research.



Sear ch strategy

This review incorporated studies that examined $8§&d training methods in team sports. A
literature search was performed independently by thuthors using MEDLINE,
ScienceDirect, Web of Science and Google Schol@bdaes. The databases were selected as
they contain extensive relevant literature in tiheaa of sports science. The publications’
search period ranged from 1984 to 2014. The eleictrdatabases were searched using a
number of key terms as selected by the authorsallssided games’, ‘physiological
responses’, ‘team sports’, ‘variables’, and ‘tragii These keywords were used individually
and/or combined. A search for relevant articles alas performed from the reference lists of

the identified publications.

Variables Affecting Small-Sided Games I ntensity

Pitch area

Pitch area is among the factors thought to infleettee physiological stress in SSG and
hence, impact upon their ability to be useful tofus physical training sessions. Table 1
summarizes studies that have examined the influehpéch area on SSG intensity in team
sports. Most studies have found an increase irt hat@r (HR), lactate concentration [La-] and
rating of perceived exertion (RPE) with an increasize of the pitch area (5, 43, 55). In this
context, Rampinini et al. (55) found an increasélRmax, [La-] and RPE with an increase of
the pitch area: for HRx(i.e., 89.5vs 90.5vs90.9% during 20x12 m, 25%x15 m and 30%x18 m,
respectively), [La-] (i.e., 6.0s 6.3vs 6.5 mmol-T respectively) and RPE (8vk 8.4vs 8.5,
respectively). Similarly, Atli et al. (5) examindae effect of 2 pitch sizes on HR in basketball

players and found 9.3% higher HR values on theelgitch size (28x15 m) compared to the



small pitch size (14x15 m). In terms of technicefi@s, there were significant differences
between half-court and full-court 3-a-side gamethennumber of shots, rebounds and passes.
Also, during the full court games, there were feassists (1.4 + 1.4s2.7 + 1.9), steals (1.3

+ 1.7vs 2.3 £ 1.6), and turnovers (1.7 £ M8 2.8 + 2.0) when compared to the half court

games.

In rugby, Kennett et al. (43) investigated the effef 2 pitch sizes (32x24 ws.64%48 m) on
physiological responses (i.e., HR, La) and perakmseertion (RPE). There was an increase in
the percentage of HRmax (86vg. 89.4%), [La-] (5.7vs. 8.2 mmol-[*), and RPE (13.¥s.
15.8, respectively) with an increase of the pitckaa The higher physiological strain with
larger pitch sizes is due to the greater area lpgep with players having more space to move
(i.e., during both the offensive and the defenspfeases). This allows the players in
possession of the ball to find more space to esfrapethe non-possessing players, resulting
in the non-possessing players having more runsdapdacements to try to intercept the ball.
However, although greater pitch area may increhsdartensity of SSG, coaches should be
cautious when selecting the pitch area. Indeed, sheuld select this variable as a function of
the genuine pitch area of the competition for tihacficed sport. In contrast to the above
mentioned data, Kelly and Drust (42) found a deseia HR (91vs. 90 vs. 89 %) with an
increase of the pitch area in soccer SSG (i.e.280%, 40x30 m, and 5040 m respectively)
while the number of players involved in the gamesenheld constant (%.5). Moreover, the
technical actions that changed as a result of dmmgpitch size were the number of tackles
(SSG1, 45 £ 10; SSG2, 15 * 4; SSG3: 31+7) and st8861, 85 + 15; SSG 2, 60 + 18;

SSG3, 44 £9).



Although previous studies reported a significarfe@f of the pitch area on physiological
responses, the results of the literature suggest ghich dimensions may also affect the
physiological responses to SSG when combined villleramportant factors such as player
numbers. This variable could be used to modifytthming stimulus according to the aim of
each training phase during the season and accotdinthe actual pitch area used in
competition for each sport. Indeed, coaches cotildzai small pitch areas during the first
training phase (i.e., general preparation) andadgglly increase the pitch area to achieve the
required intensity during the competitive phaserddwer, according to the literature, coaches
must be careful in the inclusion of this varialbheSSG. It is suggested that a larger pitch

dimension is used in training to maintain high isi¢y throughout exercise.

***|nsert Table 'l About Here***

Player numbers

The number of players involved in the task is aaptfariable that may influence the training
intensity of SSG. A summary of studies concernitaygr numbers is presented in Table 2.
Most studies have shown that a smaller number afgus results in greater HR, [La-], and
RPE responses. In soccer, Dellal et al. (16) inyattd the effect of changing player numbers
on HR responses in 3 different conditions (i.eys22, 3vs. 3, and 4vs. 4). Smaller player
numbers resulted in a greater HR reserve (i.e1,\89)81.5vs.70.6 % for 2vs.2, 3vs.3, and

4 vs. 4, respectively). Rampinini et al. (55) investightthe effect of 4 different player
numbers (3/s.3, 4vs.4, 5vs.5, and 6vs 6) on HRyax [La-], and RPE in 20 amateur soccer
players. Higher exercise intensity was observetthéncondition with smaller player numbers
(3vs 3): for HRpax(i.€., 89.5vs 88.7vs 87.8vs 86.4% during 3s.3, 4vs.4, 5vs.5, and 6

vs 6 respectively), [La-] (i.e., 685 5.3vs 5.2vs 4.5 mmol-f during 3vs. 3, 4vs.4, 5vs.5,



and 6vs 6 respectively) and RPE (8v& 7.6vs 7.2vs 6.8 during 3/s.3, 4vs.4, 5vs.5, and

6 vs 6 respectively).

In rugby, Foster et al. (22) found that an increasglayer numbers (i.e., ¥s. 4 and 6vs. 6)
resulted in a decrease in the percentage of HRmex 00.6vs. 86.2 %, respectively).
However, most of the previous studies have onlyremad equal numbers of players (e.g., 2
vs. 2, 3vs. 3, etc.) on SSG intensity. Unequal player numbers implemented by Hill-Haas
et al. (34) with temporary ‘overload' and ‘undetlcsituations between opposing teams, via
the use of a 'floating’ player (8.3 + 1 floater). Table 2 summarizes the resulthefstudies
that investigated the effect of player number \taotes on physiological responses, with an
equal or unequal number of players. In his studij;Ht&ss et al. (34)eported no significant
differences between the constant (i.evs43 or 6vs.5) and variable (i.e., 8.3 + 1 floater or
5vs.5 + 1 floater) form of unequal number of playeswever, compared to the other
players, they showed that the floating player tiedea significantly greater total distance
(2668 + 220 mvs 2408 + 231 m) compared with 4-player teams anfbopeed a greater
number of sprints (>18.0 km'lvs. 15 + 3, 9 + 5, and 8 + 4) compared with 5-played &-
player teams. The authors concluded that the useflofating player may provide a training

stimulus that is more conducive to aerobic fitredaptations.

A reduction of player numbers may increase theaserintensity during SSG in team sports.
Moreover, when using an unequal number of playéesjntensity of the SSG is significantly

higher for the floater than the other players. €hae, when using unequal player numbers
and depending on the goal of the training sessioaches should alternate floating players

during the SSG. Moreover, the data showed a cdimkabetween both variables (i.e. pitch



area and player numbers) for achieving a spectfad gith training. The results of the studies

investigating this combination are detailed in fibléowing section.

***|Insert Table 2 About Here***

Concurrent Manipulation of Pitch Area and Playerrizoers

Some studies have found that SSG exercise intenaitlybe manipulated by concurrently
modifying the playing area size and the player newsabThe results of these studies are
summarized in Table 3. This table shows that tleeee subtle differences . in the training
prescriptions, age and ability of players, intgnsiteasures, and sizes of pitch area amongst
the studies that may affect the exercise intensit8SG. Hill-Hass et al. (35) examined the
effect of 3 forms of player numbers (i.e.y2 2, 4vs. 4, and 6vs. 6) with a constant ratio of
player number: pitch size (1:150non physiological and perceptual responses KR, [La-

], and RPE) in soccer players. As the number afgis in the SSG teams decreased, the
overall physiological and perceptual responses easxd. Little and Williams (50)
investigated the effect of 6 forms of player nunsband pitch aree soccer (2/s.2 on 27 x

18 m, 3vs.30n32 x 23 m, 4s.40n 37 x 27 m, §s.50n 41 x 27 m, §s.6 on 46 x 27 m,
and 8vs. 8 on 73 x 41 mpn HR, [La-], and RPEThe results showed a decrease in the
percentage of HR (88\%5.91vs.90.1vs.89.3vs.87.5vs.87.9 %, respectively), [La-] (9\6.
8.5vs.9.5vs.7.9vs.5.6 vs.5.8 mmol-T, respectively)land RPE (16.3vs.15.7vs. 15.3vs.
14.3vs. 13.6 vs. 14.1, respectively) when the number of players pibch area increased.
Rampinini et al. (55) investigated a variety ofcpitareas with constant number of players,
and clearly showed that for a particular numbeplafyers (i.e., from ¥s3 to 6vs6), the

increase in pitch size led to higher physiolog&tedin (HR, [La-], and RPE).



More recently, Foster et al. (22) compared 2 foofnglayer numbers (i.e., ¥s 4 and6 vs.6)

and 3 pitch area sizése., 15 x 25 m, 20 x 30 m, and 25 x 30 m) on ldBponses in rugby
league players. Smaller player numbers (i.evs4) and larger playing areas (25 x 30 m)
elicited a higher HR response than thes6 and small pitch area (i.e., percentage of HRmax:
91.5vs. 86.5%, respectively). These results demonstrate(thdecreasing player numbers
with constant pitch area per player (i) and smghlayer numbers with larger pitch area are
both suitable approaches to increase the intea6B85G. Therefore, coaches should carefully
handle these two important variables. Concernimgdimice of players’ number, during the
competitive phase, we recommend that SSG’s aredbaisea small number, in which case
they may alternate between equal or unequal formthé same time, pitch dimension should
be larger to maintain high intensity exercise. Ehescommendations are also applicable
during the competitive phase. However, intensaiingi sessions should not be more than one

session per week when players have a match duaicty \week.

***|Insert Table 3 About Here***

Rule Modifications

Some studies have investigated the effect of rhesmges on SSG intensity and technical and
tactical skills. Table 4 shows different types afes changes such as the number of ball
touches, man marking, and presence of goalkeepephysiological, technical, and tactical
responses. In football, Dellal et al. (18, 19) eised the influence of the number of ball
touches and free play on the physical demandsniesihperformances, and physiological
responses in soccer players. The authors repdréedhe free play rule presented the greater

number of duels, decreased the number of sprint laglt-intensity runs performed, and
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preserved the effectiveness of the technical agftjpe., successful passes and number of balls
lost) in comparison with one touch and two toucls&G. Recently, Abrantes et al. (1)
investigated the effects of 3 forms of SSG on texdirand physiological parameters (i.e., HR
and RPE) in soccer SSG:\V3. 3 and 4vs. 4 for the number of players and exclusively
offensive, exclusively defensive, and both situadiqoffensive and defensive style) for
playing form. The authors showed that thees33 SSG elicited the higher HR and RPE
responses. Moreover, they reported that the mtestse and the higher technical actions (i.e.,
passes, dribbles, tackles, and shots) situationthreamixed offensive and defensive situation
when compared to the exclusively offensive or defensituations. Jake et al. (39) examined
the effect of manipulating the defensive phasestulgith and without man-marking on
exercise intensity in ¥s. 3 on soccer SSG. The authors reported that thase av~4.5%
increase in HR during the man-marking soccer SSGatsdn in comparison with non-
marking. Collectively, these findings demonstrateatt modifying the games’ rules
significantly affect the intensity of SSG. Howevéw, date, this variable has received little
attention by coaches and researchers. Therefatbefuesearch should investigate the effect
of rule changes on exercise intensity in SSG. Mg SSG’s should include some
modifications to preserve intensity and to maintalevance to real situations in the game. To
do this, coaches are encouraged to apply one tbalthalternating between offensive and
defensive style, challenging players to practioespure form at specific times during play,
and include small goals to motivate the playersadbes may include 2 or 3 variables at the
same time during the exercise but must be carefidnsure homogeneity of the training

stimulus.

***|Insert Table 4 About Here***
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Goalkeepers Presence

The presence of goalkeepers is another variablentg influence SSG intensity. Table 5
summarizes the SSG studies that investigated fleetefof goalkeepers’ presence on SSG
intensity. Sassi et al. (60) investigated the éffeic soccer goalkeepers on physiological
responses to avk.4 SSG. The authors showed a significant decreabiRi(i.e., percentage
of HRmax: 91.0vs. 88.8 %) during SSG with goalkeepers compared tayoskeeper
situations; however, the decrease in [La-] (i.6.4%s. 16.2 mmol.*) was not significant.
Likewise, Mallo and Navarro (51) examined the effeicthe presence of soccer goalkeepers
on HR during 3rs.3(and 3vs. 3 plus a goalkeeper) SSG and reported a signtfib@crease in
HR (173vs. 166 bpm) when goalkeepers were included in the S8@ently, Koklu et al.
(47) investigated the effects of SSG with and withgoalkeepers on 3 physiological
parameters (HR.x [La-], and RPE) in 3 different forms of SSGWR 2, 3vs 3, and 4/s 4).
The authors found a decrease in %ER2 vs 2 (86.0vs. 88.0 %), 3vs 3 (86.9vs 89.1%)
and 4vs4 (88.7vs.90.1%)], [La-] [2vs 2(7.4vs.8:4 mmol.LY), 3vs 3 (6.5vs 7.3 mmol.L

1), and 4vs4 (6.1vs 6.9 mmol.IY)] and RPE [2/s 2 (6.0vs.7.3), 3vs 3 (4.6vs 6.5), and 4
vs4 (5.1vs 5.7)] when goalkeepers were present. Howevesethesults were not confirmed
by Dellal et al. (15) who found an increase of ¥0.ih percentage HRreserve in thes8 8
games when goalkeepers were included. This cootradimay be due to the inclusion of a
goalkeeper that probably changed the physiological tactical behavior of the outfield
players (62) because it is possible that some @ayere more motivated than others by their
presence (15). In fact, the aims of scoring andukaneously protecting their own
goalkeepers may have imposed a greater activitthensoccer players in the latter study
reporting higher physiological strain (15, 61, 62n the other studies, the decrease in the
SSG intensity could be due to the good defensigarozation which contributes to a decrease

in physiological responses (60, 51, 47). Therefgineen the equivocal findings, future studies
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should carefully examine the influence of goalkesp@resence on SSG intensity. It is
worthy to note that in their study, Dellal et @l5f have showed that SSG were accompanied
by a higher inter-individual HR coefficient of vation with respect to in-line interval training
runs. Thus, one disadvantage of SSG is that ndbalplayers exercise at similar intensities,
with relatively large discrepancies of physiologicdrain. In addition, according to the
literature, coaches should avoid including goallegmuring SSG and use only small goals to

preserve motivation of the players and trainingnsity.

***|nsert Table 5 About Here***

Coach Encouragement

Direct supervision and coaching of exercise sessiloming SSG have been shown to improve
adherence to an exercise program, increase traimitggnsity, and increase performance
measures in a variety of training modes. In fodibalctive and consistent coach
encouragement has also been suggested to havdlwnae on training intensity (6, 55).
Rampinini et al. (55) investigated the effect ohcles’ encouragement in 20 amateur football
players’ on HR, [La-], and RPE responses durinfedéint forms of SSG: 8s.3, 4vs.4, 5vs.

5, and 6vs. 6 players on small, medium, and large pitches. dree authors demonstrated that
the physiological responses to SSG were signifigdngher during situations with coaches’
encouragement in comparison with no-encouragemeirglall SSG formats: HR (i.e., mean
percentage of HRmax: 88.7s. 86.5 % respectively), [La-] (i.e., 5.8s. 4.2 mmol.Ll*
respectively), and RPE (i.e., Ag.6.3 respectively). Similarly, Sampaio et al. (E&)orted a
significant increase in RPE for\. 2 (i.e., 14.1vs. 15.5) and 3s. 3 (14.4vs. 15.8) soccer
SSG with verbal encouragement; but no significdr@nge in the percentage of HRmax both

in 2vs.2 (81.2vs. 83.7 %) and 3/s. 3 (79.8vs. 80.8 %, respectively). Collectively, these
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studies support the importance of coach encouragewch&ing SSG when the aim is to
achieve high exercise intensity. To date, only Rampet al. (55) has addressed these effects
and found higher HR, [La-], and RPE when the coagirevided encouragement during the
SSG. Thus, further studies should explore thisadei and its effects on physiological
responses. During training sessions, coaches skapfabrt rule modifications during SSG by
providing verbal encouragement and motivation. Thé&bal encouragement positively

influences the physiological responses to SSG.

Training Regimen: Intermittent vs. Continuous

Whether the training program is continuous or migent can affect exercise intensity in
SSG. In this regard, most studies have used taditiinterval training. The results of these
studies are summarized in Table 6. The prescriptibmterval training is based on five
variables: work intensity and duration, recovergeypassive/active) and duration, and total
work duration (work interval number x work duratjon SSG using intermittent training
regimens, consist of consecutive bouts of SSG pierspersed with active or passive rest
periods compared to continuous SSG formats thatlarsg duration (i.e., 10-30 min). To
date, only 2 studies have compared the 2 formgaofihg in SSG (35, 48). However, other
studies have used only one form of SSG trainingl€t®). In football, Hill-Hass et al. (35)
have compared 2 forms of SSG training, i.e., irdkd x 6 min with 1.5 min rest) and
continuous (1 % 24 min), with 3 forms of player rhars, i.e., 2/s.2, 4vs.4, and 6/s.6. The
authors reported that global RPE and HRmax weneifgigntly higher in continuous SSG
than in interval SSG (i.e., 8Vs. 84 % for HR and 12.%s. 11.6 for RPE respectively).
Therefore, both intermittent and continuous SS@itmg regimes could be used during the
season for match-specific aerobic conditioning With some differences in the player's

physiological responses. Likewise, Koklu (48) imgested 2 forms of SSG training, i.e.,
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interval (3 x 2, 3 x 3, and 3 x 4 min) and continsiql x 6, 1 x 9, and 1 x 12 min,
respectively) with 3 forms of player numbers (i2ys. 2, 3vs. 3, and 4vs4) in basketball

SSG. The results demonstrated that 3-a-side int&S8& and the continuous SSG were

significantly more intense than theaide and 4a-side games in terms of HRmax (i.e., for

3-a-side: 92.0vs. 91.2% during interval and continuous SSG, respelgtiand for 2a-side:

88.6 VS. 88.8% during interval and continuous SSG,

respectively). Whereas theazside interval SSG and continuous SSG resultedghdri[La-]

concentrations compared to other SSG types fae2-a-side: 7.8vs.8.1 during interval and

continuous SSG respectively and for 3-a-side ¥87.2 mmol.l* during interval and

continuous SSG, respectively). Thus, this study alstrated that interval SSG and
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continuous SSG are similar in terms of physiologiesponses except for 2-a-side [La-]

responses, suggesting that both interval and aomi; ) SSG can be used effectively for the
physiological adaptations of soccer specific endcea In that event, coaches can alternate
between intermittent and continuous regimen du88gs training. However, coaches should
take into account other variables (i.e., player bers, pitch area, period of the season) which
may influence the intensity of exercise, to maimthie effectiveness of these two regimens on

physiological and perceptual responses.

***|nsert Table 6 About Here***

Game Duration

To date, only one study has explored the influeoicéhe game duration on physiological
responses in soccer SSG (28)this study, Franchini et al. (2B)vestigated the effect of SSG
duration with 2, 4, and 6 min interval format, oxeecise intensity (i.e., HR and [La]) and
technical actions during 8s. 3 SSG. There was a significant increase in HR aesgps
(expressed in percentage HRmax) between the 2 miid anin game durations (82/4.85.9

%, respectively) and a decrease between the 4 nir6amin game durations (85v8. 85.6

%, respectively). However, no significant differesowvere found in RPE responses between
the 3 different bouts (2, 4, and 6 min: §< 6.8vs. 6.8 respectively). Moreover, no effect of
duration was found in any of the technical acti@rs., passes, dribbles, tackles and shots).
The authors concluded that the 4-min bouts appe@rdvide the optimal physical training

stimulus during the interval SSG training format.

In conclusion, to date, only one study has examitteal effect of SSG duration on

physiological responses in soccer players. Thegefoe are unable to provide firm practical
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recommendations on the optimum duration of SSGrining adaptations. Further studies
investigating the effect of different SSG duratians physiological responses and technical
and tactical skills in different team sports arenamted. In this context, it would be worthy to
conduct longitudinal studies to not only determihe technical and physiological responses
to SSG; but also the long-term effects of differ&8G training protocols of differing bout
durations. From a practical perspective, 4 mirations appear to provide higher exercise
intensities during SSG interval during. Therefave, would recommend that coaches use the

4x4 min format during SSG.

Energy expenditure and enjoyment

Despite their importance during aerobic trainirgyttte best of the authors’ knowledge, there
is only one study that has explored the energy mdipgre and enjoyment during SSG in

overweight boys (63). In this study the authorsneixed whether energy expenditure and
enjoyment during SSG training on a badminton cgart x 13.4 m) were comparable to

larger court dimensions (volleyball and basketlallrts: 9 x 18 m and 14.2 x 26.5 m,

respectively). In this study, twelve overweight bgylayed 30 min 3-a-side SSG on each
court in a counterbalanced design. During SSG, ggnexpenditure was estimated via
accelerometry, HR, and RPE. Energy expenditure smslar between badminton and

volleyball courts; but lower than the energy exptmd obtained during a basketball court.
Mean percentage of HRmax was significantly lower the badminton court than the

volleyball and the basketball courts. However, ¢hesas no effect of court size on RPE or
enjoyment. These results suggest that it may benatade to play SSG on a larger court when
space is available. However, the selection ofwargable during SSG training depends on the

official court area of the practiced sports. Altatimely, when space is limited the difference
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in energy expenditure between court sizes is etgnvdo an additional 2-3 min of play on a

badminton court.

Player maturation

Player maturation is another important factor thed been neglected by most studies in SSG
and seems to have an influence on physiologicaloreses during games. Indeed, Dasilva et
al. (14) examined the influence of player matwaton exercise intensity and involvements
with the ball. Sixteen male soccer players comple2ebouts of 3vs. 3 (SSG3), 4vs. 4
(SSG4), and ¥s.5 (SSG5) SSG training. Intensity was measuredgudiR and expressed as
a percentage of HRmax and the maturation stagedstemined using the Tanner stage
scale. Intensity in SSG3 (89.8 £ 2.0 % of HRmax¥Wwagher than that in SSG5 (86.9 + 3.0%
HRmax) and there were no differences between SS@B SE5G4 or SSG4 and SSG5.
Moreover, no effects of number of players were tbiminvolvements with the ball, passes,
target passes, tackles, and headers. Significardhg rosses, dribbling, and shots on goal
were observed during SSG3 compared to SSG4 or SI8&&ever, the authors showed that
the level of maturation was not associated withegiexercise intensity or involvements with
the ball. These results extend previous findings wdult players (37, 50, 55) suggesting that
SSG can provide an adequate training stimulus donyg players and are feasible for groups
with heterogeneous maturation levels. Thereforackes could use SSG training effectively

with different age groups and categories.

Wrestling in rugby
In collision sports such as rugby league and rughipn, players are required to perform
multiple tackles per game, with static lifting, wars, and mauls placing considerable

demands on players (26). Consequently, the phygeab demands of the rugby codes are
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significantly increased through the large amounitstackling, wrestling, grappling, and
physical collisions that occur during match play)(20ne method of simulating the most
demanding passages of play during a rugby matdb istermittently integrate wrestling
periods throughout the SSG. Gabbett et al. (26dtigated the influence of wrestling on the
physiological demands of SSG in rugby league. is $kudy, twenty-eight elite rugby league
players completed 2 training sessions performedys dipart. Two SSG, with or without
intermittent wrestling, were played in each sessidre players were divided into 4 teams of
7 players. On day 1, 2 teams played 2 x 8 min S8 avrecovery period of 90-s, whereas,
the remaining 2 teams played the SSG with inteemittvrestling. The wrestling periods
employed grappling, pushing, and pulling tasks tixate similar in nature to the demands of
rugby. At random periods throughout the game, thggrs were required to wrestle a partner
for approximately 5-s. A total of 8 wrestling ped®were performed throughout each 8-min
game, for a total of 16 wrestling periods. On dath2 groups were crossed over. The results
of this study demonstrated that the games withaasthng resulted in a greater total distance
covered (2475 £ 3%s.1964 £+ 27 m) and greater distance covered in B80 @ 19vs.842 +

19 m), moderate (1120 + 2& 752 + 26 m), high (332 + 16 240 £+ 12 m), and very-high
(24 £ 4vs. 15 + 3 m) speeds. Conversely, the games with lirggesulted in a significantly
greater distance covered in mild, moderate, andmaaccelerations and a greater number
of repeated high-intensity effort bouts (2.1 + @& 0.2 £ 0.1 bouts). No significant
differences were detected between games with atitbuti wrestling for the total number of
skill involvements, including receives, passes.edifre passes, ineffective passes, and
disposal efficiency. From a practical perspectitleggse results suggest that intermittent
wrestling may be a useful supplement to rugby S8&ancurrently train repeated-effort

ability and skills under game-specific fatigue. fdfere, coaches should incorporate

19



intermittent wrestling during rugby SSG training ander to replicate the repeated high-

intensity effort demands of match-play.

Battlezone in Cricket

Vickery et al. (64) were the first to explore SSGcricket. The authors have investigated the
movement demands and physiological responsesaietrSSG termed: Battlezone. Thirteen
amateur, male cricket players completed 2 sessibres generic cricket' SSG (Battlezone)
consisting of 6 x 8 min separated by 5 min of passest. HR and movement demands were
continuously recorded. while [La-] and RPE wereorded after each respective bout. The
results showed that batsmen covered the great#ande (1147 + 175 m) and demonstrated
the greatest mean movement speed (63 + 9 rif)minring each bout. The majority of time
(i.e., 65-86%) was spent with a HR ranging betwédnand 85% of HRmax, [La-] ranging
between 1.1 and 2.0 mmoftland an RPE ranging between 4.2 and 6.0. Movemenaoes
and physiological responses did not differ betwstamdardized sessions within respective
playing positions. These results suggest that thgsiplogical responses and movement
characteristics of cricket SSG are consistent batwsessions within respective playing

positions.

Types of comparisonsin SSG

Several studies have compared the intensity of 8BiGthat experienced during competitive
match-play in soccer (20). This comparison was gueréd with different team formation

methods (49), SSG and friendly matches (10), amatsuprofessional players (19), and
between movement patterns in matches of differéaing standards (30). The findings of
these studies can also be used to determine ifntbst intense periods of matches are

comparable to the intensity of SSG exercises. Dellaal. (20) compared the effects of
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common rule changes on technical and physical ddsnéor elite soccer players in five
playing positions during various 4-min SSG in congzn to 11-a-side match. Compared to
match-play, total distance covered per minute afynd high-intensity running activities
(i.e., sprinting and high-intensity runs) were $igantly higher during SSG than during the
football match for all playing positions. Indeelde tauthors showed that %HRmax, [La-], and
RPE was higher in SSG compared to match-play 8&6vs. 83.2 %, 4.8/s.3.0- mmol.L*,
and 8.0vs. 7.4 for %HRmax, [La-], and RPE, respectively). &la greater number of duels
and lost balls, and a lower percentage of succegsigses and total number of ball
possessions were found during the different SSGalfplaying positions in comparison to

match-play.

For comparison between team formations methods, Kokt al. (49) examined
the influence of different team formations on tinggological responses of &s. 4 SSG
(SSG4) inyoung soccer players. SSG4 team. formstiovere created according to
four different methods: according to the coachedijective evaluation, technical scores,
VOo,max, and V@max multiplied by technical scores. The 4 teamyqdad x 4 min with 2
min of passive rest at two-day intervals. The arghghowed that % HRmax, [La-], and
RPE responses during SSG4 were significantly higgreteams chosen according to M@ax
and VQmax multiplied by technical scores compared to heacsubjective evaluation and
technical scores. In addition, teams chosen bynv& and VQmax multiplied by technical
scores spent significantly more time in a high nistey zone (i.e., above 90 % HRmax) and
covered a greater distance in the high intensitying zone (i.e., above 18 kribtthan teams
formed according to technical scores. In conclusiororder to spend more time in the high
intensity HR and running zones, the teams in SSBduld be formed according to

the players' V@max or the values calculated using both theéx and technical scores.
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Casamichana et al. (10) compared the physical désnaihfriendly matches (FM) and SSG.
Twenty-seven semi-professional soccer players wearsitored during 7 FM and 9 sessions
involving different SSG. The authors showed sigaifit differences between SSG and FM for
the following variables: (i) overall workload (SSGFM), (ii) the distribution of the distance
covered in the speed zones 7.0-12.9 Kn{88G > FM) and > 21 km'h(FM > SSG), and
(iii) the distribution of time spent in certain smezones (FM > SSG: 0.0-6.9 and > 21 kin-h
FM > SSG: 7.0-12.9 km). The results show that coaches and strength anditining
professionals should consider friendly matchesndutheir training routine to foster specific

adaptations in the domain of high-intensity effort.

For the comparison between amateur and professiower players during various SSG
exercises (i.e., 2s.2, 3vs. 3, and 4vs. 4), Dellal et al. (19) found that, in\&.2 SSG, both
RPE and [La-] were higher in amateurs with respeqgirofessionals (i.e., 8\¥s.7.9 and 4.6
vs. 3.6 mmolT respectively). However, HR responses were sim{Bt.8 vs. 90.2%
respectively) between amateurs and professionalered¥er, the authors found that
physiological responses for amateurs duringg 4 SSG were similar to those recorded for 3
vs.3 SSGs. More specifically, there was no signifiadifierence in the HR response between
amateur and professional players duringst 4 SSG (i.e., 86.4ss. 86.0% of HRmax,
respectively). Across all SSGs, amateurs complatéalver proportion of successful passes
and lost a greater number of possessions compaitbdtive professional players. These
results demonstrate that playing level influendesghysiological responses obtained during
SSG. Consequently, this study has shown that the differences between elite and amateur
players within SSG concern the capacity of playerperform high-intensity actions (e.g.,

high intensity running and sprints, etc.).
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Gabbett and Mulvey (30) compared the movement ipettef SSG (3/s. 3 and 5vs. 5) vs
domestic matches against male youth teams, natie@@ue matches, and international
standard competition in elite women soccer playd@itse authors found that the overall
exercise to rest ratios were similar among SSG3jl:domestic competition against male
youth teams (1:15), national-league matches (1:46) international competition (1:12).
Greater total distance was covered during thenatenal matches 9968 + 1143 than in SSG
(4,48+ 1,304 m), competition against male youth team2423804 m), and national-league
matches (9706 = 484 m). While few repeated-sprintt$¥ were performed in the lower levels
of SSG and match-play, repeated-sprint bouts -oedurcommonly in international
competition (4.8 £+ 2.8 bouts). The results show 8&G may simulate the overall movement
patterns of women’s soccer competition but offeiresufficient training stimulus to simulate

the high-intensity, repeated-sprint demands ofmagonal competition.

Studies Comparing Small-Sided Games Training with Interval Training

While there has been an increase in the use of-specific conditioning approaches for team

sports, several researchers have questioned #stigéness when compared to traditional

methods of conditioning (56, 12, 38, 21, 8,). Theults of these studies are summarized in

Table 7.

Reilly and White (56) compared the intensity of S&@& aerobic interval training. They
trained 18 professional soccer players (i.e., égidhto 2 groups of 9 players) twice per week
over 6 weeks during sport-specific conditioningdiwng SSG of 5vs. 5 over 6 x 4 min
interspersed with 3 min of active recovery (i.egging at 50-60 % of HRmax). In aerobic

interval training, the subjects performed 6 x 4 péniods of running at 85 to 90% of HRmax
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interspersed with 3 min of active recovery (i.egging at 50-60 % of HR.). After the
training intervention V@yax increased by only 0.2 % for the SSG group and.B§o0for the

aerobic interval group with no statistical sigrdfint differences within or between groups.

Chamatri et al. (12) investigated the effect of &kvef training (twice per week) involving 15
young male soccer players on physiological resporieeSSG. Once per week players
performed 4 x 4 min bouts on the Hoff track at @®%5% HR max, separated by 3 min active
recovery at 60 to 70 % of HRmax. During the secseskion on the following day, players
participated in 4s.4 SSG on a 20 m square pitch at the same inteasisgssion one. The 3
min active recovery involved 2 players passing @mgbling with the ball. This training
regime resulted in an increase in ¥ax of 7.5% and a decrease in running economy “f 14
while running at 7 km:h Submaximal HR also decreased by 9 bpm. Sassl. 6@)
compared the responses of repetitive interval nmnvith SSG (i.e., 4s 4 and 8vs 8)
training in top European league soccer playerseR@pe running consisted of 4 x 1000 m
runs, separated by 150 s of recovery. The auttmsluded that SSG with the ball provided
physiological training stimuli comparable with intal training without the ball. This was
supported by the higher intensity observed, expeess HR, during SSG (178 + 7 bpm) than

repetitive running (167 + 4 bpm).

In addition to the observed increases in aeroltices$s, Impellizzeri et al. (3&pund
substantial changes in several measures of matébripance albeit derived from one (i.e.,
post-training) match analysis, for both trainingogps (i.e., interval training and SSG
training). Perhaps most relevant to soccer perfoo@avas the 22.8 % and 25.5 % increases
in the time spent performing high-intensity actastfor the interval and SSG training groups,
respectively (table 7).
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Recently, Dellal et al. (21) compared the effedtsarcer SSGrs. high intensity intermittent
training (HIT) on the performance in a continuousrabic test (Vameval) and in an
intermittent test with changes of direction (304h%ermittent fitness test [30-15 IFT]). 22
amateur soccer players were divided into 3 gro#fi$ (n=8), SSG (n=8), and a control
group (CG; n=6): ). The SSG group performed 2 foohsaining 2vs. 2 and 1vs.1 on 2
different pitch areas (20 x 20 and 15 x 10 m, retspely), whereas the HIT group performed
3 types of intermittent runs with passive recov€®@s-30s, 15s-15s, and 10s-10s). Both
groups conducted 9 sessions of training for 6 weékd and SSG groups showed
significantly improved Vameval (5.1 and 6.6%, regpely) and 30-15 Intermittent Fitness
Test (IFT) (5.1 and 5.8%, respectively) performanaehereas no changes were observed for
the CG. Also, there were no differences betweerBth@ups in the HRmax, HRreatd RPE
before and after training. These results demorestitzt both SSG and HIT training were
equally effective in developing the aerobic capaeihd the ability to perform intermittent

exercises with change of direction in male amaseacer players.

In Handball, Buccheit et al. (8) investigated thige@ of HIT vs. specific game based
handball training (HBT).The HIT consisted of 12-24 x 15 s runs at 95%hefdpeed reached
at the end of the 30-15 IFT interspersed with Jassive recovery. The HBT consisted of
SSG handball performed over a similar time peridte results showed a small difference
between the HIT and the HBT groups in 3@ax (50.1vs. 53.3 ml-mift-kg*, respectively)
and in HR (178.6 + 7.8s 175.4 + 8.7 bpm, respectively). The authors amhedl that both

HIT and HBT were effective training modes for adaient handball players
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It appears that sport-specific or traditional agr@onditioning approaches are comparable in
terms of developing aerobic fithess and match perdmce in soccer. As expected, the
magnitude of response in most instances is depéngem the intensity, frequency, and
duration of training as well as the total duratafrthe training program and the initial fithess
level of the athletes involved. SSG seems slightbre physically strenuous than traditional
training approaches as demonstrated by the eletResponses (31) which may potentially
evoke greater improvements in cardiovascular fonctind subsequently aerobic fitness
adaptations. These higher responses can be attliliot the additional physical demands
imposed upon players during SSG and possibly theévaimn and enthusiasm of players

(57).

Few studies have investigated the effects of S&faiig on injury rates in team sports (26,
27, 44). It is worthy to note that SSG seem to havmerous advantages with respect to
running interval training, nevertheless, as SSGpantormed with a lot of player contacts, it
is a possibility that contact injuries could be afethe disadvantages of such a form of
training. This warrants further investigation. Mover, from a practical application
viewpoint, we suggest that SSG are an effectivenfof training to develop aerobic fithess
and to prepare players for real situations thatioduring match-play. SSG can be used to
ensure motivation and enthusiasm of players; howeeaches should be aware of the

different variables that may influence playing mgiy.

Conclusion
SSG are widely used by coaches to develop techarmhtactical skills as well as to improve
the endurance of team sport players. Several Stuthee systematically investigated the

effects of SSG while manipulating different vareblor game rules such as pitch size, the

26



number of players, or the combination of thesealdes in team sports. Some studies have
also included variables such as coach encouragem#stmodifications and different work
regimes. The studies confirm that by altering thizemors it is possible to manipulate the

overall physiological and perceptual workload pthoe players.

Research has focused on evaluating physiologmetical, and technical responses of athletes
when these factors were modified in SSG. Furthadiss are required to improve the
understanding of the interaction between the teehniactical, and physical demands of SSG,
and how these can be better manipulated to imptbgetraining process for team sport

players.

In addition, due to the lack of consistency in S®Sign, players’ fithess, age, ability, level of
coach encouragement, and playing rules among tdiest it is difficult to make firm
conclusions on the influence of each of these faceparately. Due to these limitations, SSG
management requires further investigations. The afsstandardized conditions in SSG
studies will allow a better understanding of thie raf each factor and may help researchers to

develop more reliable recommendations.
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Practical Applications

This review provides information that can help dw and strength conditioning
professionals. As the intensity of training varesording to the season phase and aims, SSG
training sessions should be used with differentnfits (i.e., by manipulating the player
numbers, the pitch size, etc.) at different phasdbe season. Coaches can alter the number
of players to vary the exercise intensity duringGS$ndeed, higher exercise intensity is
reached with lower player numbers and with largehpareas. Also, coach encouragement is
effective for increasing exercise intensity. Theref continuous coach encouragement is
needed during SSG training session in order toipeosome feedback to the players and to
attain the required intensity. Concerning goalkegpsome contradictions are observed on
SSG intensity in the presence or absence of thé&sgerp and the results are currently
inconclusive. However, when coaches utilize largehpareas with large goals, the presence
of goalkeepers could motivate the players to plii Wigher intensities. Using different bout
durations seems to have minimal effect on exencismsity. Concerning the duration, the
utilization of 4 x 4 min SSG’s appears to offer theost effective format. Moreover,
manipulating some rules such as increasing the rurmbball touches or introducing man-

marking can increase the intensity of SSG.
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In summary, further studies should explore othestdis such as decision making and
cognitive load of players during different SSG fam1 A careful examination of the
influence of goalkeepers on SSG intensity and thiecke of different SSG durations on
physiological responses and technical and tactctibns is warranted. Moreover, further
studies exploring the effect of continuous S&& interval SSG training on physiological
responses and technical and tactical skills inedifit team sports may allow for firm

recommendations to be made on the design and inepl@tion of SSG.

30



REFERENCES

1. Abrantes, CI., Nunes, MI., Macas, VM., Leite, N&hd Sampaio, J. Effects of the number
of players and game type constraints on heart ratieg of perceives exertion and technical
actions of small-sided soccer gamg&&trength Cond Re6:976-981.2012.

2. Aguiar, M, Botelho, G, Lago, C, Macas, V, andrpaio, J.A review on the effects of
soccer small-sided gamésHuman Kin33: 103-113.2012.

3. Aguiar, M., Botelho, G, Goncalves, B, and Sampal. Physiological responses and
activity profiles of football small-sided gamelsStrength Cond Re&&: 1287-94.2013.

4. Aroso, J, Rebelo, A, and Gomes-Pereira, J. Bloggcal impact of selected game-related
exercises [abstract] Sports Sc22: 522.2004.

5. Atli, H, Kokli, Y, Alemdarglu, U, and Kocak, FU. A comparison of heart ratepmnse
and frequencies of technical actions between halficand full-court 3-a-side games in
female high school basketball playersStrength Cond Re&%/: 352-6. 2013.

6. Balsom, P, Lindholm, T, Nilsson, J, and Ekbldsn,Precision football. Kempeld2olar
Electro Oy1999.

7. Brandes, M, Heitmann, A, and Muller, L. Physicakponses of different small-sided
games formats in elite youth soccer playérStrength Cond Réx1-8.2011.

8. Buchheit, M., Laursen, P, Kuhnle, J.,Ruch, Dn&el, C, andAhmaidi, S. Game-based

training in young elite handball playetat J Sports Me®0: 251-8.2009

31


https://www.researchgate.net/publication/285864176_Physiological_impact_of_selected_game-related_exercises?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/285864176_Physiological_impact_of_selected_game-related_exercises?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/236042833_A_Review_on_the_Effects_of_Soccer_Small-Sided_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/236042833_A_Review_on_the_Effects_of_Soccer_Small-Sided_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/229436235_Physiological_Responses_and_Activity_Profiles_of_Football_Small-Sided_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/229436235_Physiological_Responses_and_Activity_Profiles_of_Football_Small-Sided_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/223978928_A_Comparison_of_Heart_Rate_Response_and_Frequencies_of_Technical_Actions_Between_Half-Court_and_Full-Court_3-A-Side_Games_in_High_School_Female_Basketball_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/223978928_A_Comparison_of_Heart_Rate_Response_and_Frequencies_of_Technical_Actions_Between_Half-Court_and_Full-Court_3-A-Side_Games_in_High_School_Female_Basketball_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/223978928_A_Comparison_of_Heart_Rate_Response_and_Frequencies_of_Technical_Actions_Between_Half-Court_and_Full-Court_3-A-Side_Games_in_High_School_Female_Basketball_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/221975397_Effects_of_the_Number_of_Players_and_Game_Type_Constraints_on_Heart_Rate_Rating_of_Perceived_Exertion_and_Technical_Actions_of_Small-Sided_Soccer_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/221975397_Effects_of_the_Number_of_Players_and_Game_Type_Constraints_on_Heart_Rate_Rating_of_Perceived_Exertion_and_Technical_Actions_of_Small-Sided_Soccer_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/221975397_Effects_of_the_Number_of_Players_and_Game_Type_Constraints_on_Heart_Rate_Rating_of_Perceived_Exertion_and_Technical_Actions_of_Small-Sided_Soccer_Games?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/51839787_Physical_Responses_of_Different_Small-Sided_Game_Formats_in_Elite_Youth_Soccer_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/51839787_Physical_Responses_of_Different_Small-Sided_Game_Formats_in_Elite_Youth_Soccer_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/23986706_Game-based_Training_in_Young_Elite_Handball_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==
https://www.researchgate.net/publication/23986706_Game-based_Training_in_Young_Elite_Handball_Players?el=1_x_8&enrichId=rgreq-fc63f3f3bb8274a3a12d3b60c65b01b5-XXX&enrichSource=Y292ZXJQYWdlOzI2MzAxNTgxNDtBUzoxMjY1OTc2NTQ5MTMwMjVAMTQwNzE5NDY0MTQ5MA==

9. Casamichana, D. and Castellano, J. Time-motieart rate, perceptual and motor behavior
demands in small-sides soccer games: effectsdf pize.J Sports Sc8: 1615 - 1623.2011.
10. Casamichana, D, Castellano, J, and Castagn@of@paring the physical demands of
friendly matches and small-sided games in semipsié@al soccer playerd.Strength Cond
Res26:837-8432012.

11. Castellano, J, Casamichana, D, and Dellalnfuénce of game format and number of
players on heart rate responses and physical denmarsdnall-sided soccer gamdsStrength
Cond Re®7: 1295-303.2013.

12. Chamari, K, Hachana, Y, Kaouech, F, Jeddi, Rudsa-Chamari, I, and Wisloff, U.
Endurance training and testing with the ball inrygelite soccer playerBr J Sports Me@®9:
24-28.2005.

13. Coutts, A, Reaburn, P, and Abt, G. Heart, fialtgod lactate concentration and estimated
energy expenditure in a semi-professional rugbgueaeam during a match: a case study.

Sports Sck1: 97-103.2003.

14. Da Silva, CD, Impellizzeri, FM., Natali, AJ..e[Lima, JRP., Bara-Filho, MG., Silami-
Garcxia, E, and Marins JCB. Exercise intensity saahnical demands of small-sided games
in young Brazilian soccer players: Effect of numbéplayers, maturation, and reliability.

Strength Cond Re&5:2746-2751.2011.

15. Dellal, A, Chamari, K, Pintus, A, Girard, O,t@&n T and Keller, D. Heart rate responses
during small-sided games and short intermittenning training in elite soccer players; a

comparative studyl Strength Cond ReX2: 1449-57.2008.

16 Dellal, A, Jannault, R, Lopez-Segovia, M, andl®ix, V. Influence of the numbers of

players in the heart rate responses of youth squegers within 2 vs. 2, 3 vs. 3 and 4 vs. 4

small-sided gamed.Human Kin28: 107-114. 2011c.

32



17. Dellal, A, Drust, B, and Lago-Penas, C. Vaoatof activity demands in small-sided
soccer gamesnt J Sports Me@®3: 370-5.2012c.

18. Dellal, A, Lago-Penas, C, Wong, DP, and ChankarEffect of the number of ball touch

within bouts of 4 vs. 4 small-sided soccer gan@s] Sports Phys Peff: 322-333. 2011a.

19. Dellal, A, Hill-Hass, S, Lagos Penas, C, andu@ari, K. Small sided games in soccer:
amateur vs. professional players’ physiologicapoeses, physical, and technical activitigs.

Strength Cond Rexb: 2371-2381.2011b.

20. Dellal, A, Owen, A, Wong, DP., Krustrup, P, VBERrsel, M, and Mallo, J. Technical and
physical demands of small vs. large sided gameslation to playing position in elite soccer.
J Human Mvt ScB1: 957-69.2012a.

21. Dellal, A, Varliette, C, Owen, A, Chirico, Elnd Pialoux, V. Small sided games versus
interval training in amateur soccer players: efemt the aerobic capacity and the ability to
perform intermittent exercises with changes of diom. J Strength Cond Re26: 2712—
2720.2012b.

22. Foster, CD, Twist, C, Lamb, KL., and Nichol@$yV. Heart rate responses to small-sided
games among elite junior rugby league play@Strength Cond ReXst: 906—-11.2010.

23. Fanchini, M, Azzalin, A, Castagna, C, Schenayl€all, A, and Impellizzeri, F. Effect of
bout duration on exercise intensity and technieafggmance of small-sided games in soccer.
J Strength Cond Rés1-6.2010.

24. Gabbett, T, Abernethy, B, and Jenkins, D. krilce of field size on the physiological and
skill demands of small-sided games in junior andicerugby league players. Strength
Cond Re6:487-491. 2012.

25. Gabbett, TJ, Jenkins, DG, and Abernethy, Buémfice of wrestling on the physiological

and skill demands of small-sided gameStrength Cond Rés1-8.2011.

33



26. Gabbett, TJ, Jenkins, DG, and Abernethy, Bskhy collisions and injury in professional

rugby league match-play.Sci Med Sport4: 210-215. 2011.

27. Gabbett, TJ. Training injuries in rugby leagag:evaluation of skill-based conditioning
gamesJ Strength Cond Rd$: 236-241.2002.

28. Gabbett, TJ. Science of rugby league footBateview.J Sports Sc23: 961-976.2005.
29. Gabbett, T. Skill-based conditioning gamesrealternative to traditional conditioning for
rugby league players.Strength Cond R&X0: 9-15.2006.

30. Gabbett, T and Mulvey, M. Time-motion analysissmall-sided training games and
competition in elite women soccer playelsstrength Cond R&R: 543-552.2008.

31. Helgerud, J, Engen, LC, Wisloff, U, and Hoff,Akrobic endurance training improves
soccer performancéled Sci Sports Exe@3: 1925-1931.2001.

32. Hill-Haas, Coutts, AJ, Rowsell, G, and DawsBi, Generic versus small-sided game
training soccerint J Sports Me®0: 636-42.2009.

33. Hill-Haas, S, Dawson, B, Franco, M, ImpellizzétM, and Coutts, A.Physiology of
small-sided games training in footb&lsystematic reviewSports Medt1: 199-220.2011.

34. Hill-Haas, SV, Dowson, BT., Couts, AJ, and RellysG.J. Time-motion characteristics
and physiological responses of small-sided gamesliia youth players: the influence of
player number and rule chang@sStrength Cond Reéxt: 2149-2156. 2010.

35. Hill-Haas, SV, Rowsell, G, Dawson, BT, and GsuAJ. Acute physiological responses
and time-motion characteristics of two small-sidi@ihing regimes in youth soccer players.
Strength Cond ReZ2: 1-5.2008.

36. Hoff, J, Wisloff, U, Engen, LC, Kemi, OJ, ahtklgerud, J. Soccer specific aerobic

endurance traininddr J Sports Me@®6: 218-221.2002.

34



37. Impellizzeri, FM, Marcora, SM, Castagna, C, IReiT, Sassi, A, laia, FM, and
Rampinini, E. Physiological and performance effesfsgeneric versus specific aerobic
training in soccer playerint J Sports Me@7: 483-492. 2006.

38. Impellizzeri, FM, Rampinini, E, and MarcoraMs. Physiological assessment of aerobic

training in soccerd Sports Sc23:583-592.2005.

39. Jake, N, Tsui, MC, Smith, AW, Carling, C, Ch&f%, and Wong, DP. The effects of
man-marking on work intensity in small-sided socgames.J Sports Sci Med.1: 109-
114.2012.

40. Jones, S, and Drust, B. Physiological andnieahdemands of 4 vs 4 and 8 vs 8 games
in elite youth soccer player$ Kinesiology39: 150-6.2007.

41. Katis, A, and Kellis, E. Effects of small-stigames on physical conditioning and
performance in young soccer playersSports Sci Me8: 374-380.2009.

42. Kelly, DM, and Drust, B. The effect of pitchmignsions on heart rate responses and
technical demands of small-sided soccer gamesit @hyers.J Sci Med Sporfl2: 475-
479.2008.

43. Kennett, DC, Kempton, T, and Coutts, JA. FRactdfecting exercise intensity in rugby-
specific small-sided game3$.Strength Cond R&%: 2037-27. 2012.

44. King, DA. and Gabbett, TJ. Training injuries New Zealand amateur rugby league

players.J Sci Med Sporil: 562-565. 2008.

45. Klusemann, MJ, Pyne, DB, Foster, C, and DrirtkewaJ. Optimising technical skills and

physical loading in small-sided basketball gandeéSports Sc80: 1463-71.2012.

46. Koklu, Y, Asci, A, Kocak, FU, Alemdaroglu, Un@ Dundar, U. Comparison of the
physiological responses to different small-sidedngga in elite young soccer players.

Strength Cond R&56:1522-1528.2011.

35



47. Kokla, Y, Sert, O, Alemdaroglu, U, and Arslarn, Comparison of the physiological
responses and time motion characteristics of y@mauger players in small-sided games: The
effect of goalkeepers. Strength Cond Res. Publish ahead of R20i3.

48. Koklu, Y. A comparison of physiological respeago various intermittent and continuous

small-sided games in young soccer play&tduman Kin31: 8396.2012.

49. Kokli, Y, Ersoz, G, Alemdagtu, U, Asci, A, and Ozkan, A. Physiological responses and
time motion characteristics of 4-a-side -small didgames in young soccer players: the

influence of different team formation methodsStrength Cond Res 26118-23.2012.

50. Little, T, and Williams, A. Suitability of soer training drills for endurance training.

Strength Cond Re20: 316-9.20086.

51. Mallo, J, and Navarro, E. Physical load imposedsoccer players during small-sided
training gamesJ Sports Med Phys F8: 166-72.2008.

52. Owen, A, Twist, C, and Ford, P. Small-sidednga: The physiological and technical
effect of altering pitch size and player numbérmsight 7: 50-53. 2004.

53. Owen, A, Wong, DP, McKenna, M, and Dellal, Aedttt rate responses and technical
comparisons between small vs. large sided gamelgénprofessional soccer.Strength Cond
Res25: 2104-2110.2011.

54. Platt, D, Maxwell, A, Horn, R,Williams, M andeRly, T. Physiological and technical

analysis of 3 v 3 and 5 v 5 youth football matchesightFACA J4: 23-5.2001.

36



55. Rampinini, E, Impellizzeri, FM, Castagna, CtAB, Chamari, K, Sassi, A, and Marcora,
S.M. Factors influencing physiological responsestriwall-sided soccer gamek.Sports Sci
25: 659-666.2007.

56. Reilly, T, and White, C. Small-sided gamesaasalternative to interval-training for
soccer players [abstracl],Sports Sc22: 559.2004.

57. Reilly, T, Robinson, G, and Minors, DS. Somecuatory responses to exercise at
different times of dayMed Sci Sports Exert6: 477-485. 1984.

58. Sampaio, J, Abrantes, C, and Leite, N. Polesart rate and perceived exertion responses
to 3x3 and 4x4 basketball small-sided ganievista de Psicologia del Depori8: 463 —
467.2009.

59. Sampaio, J, Garcia, Macas, V, Ibanez, SJ, AdsaiC and Caixinha, P. Heart rate and
perceptual responses to 2x2 and 3x3 small-sidethysnccer gamed. Sports Sci Me@: 10,
121-2.2007.

60. Sassi, R, Reilly, T, and Impellizzeri, FM. - Amaparison of small-sided games and
interval training in elite professional soccer @es/[abstract].J Sports Sci562.2004.

61. Spalding, TW, Lyon, LA., Steel, DH, and HatfieBD. Aerobic exercise training and
cardiovascular reactivity to physiological stresssedentary young normotensive men and
women.Psychophysiolog$1: 552-562. 2004.

62. Stolen, T, Chamari, K, Castagna, C, and WisldffPhys Soccer Sports M&b: 501-
536.2005.

63. Toh, SH, Guelfi, KJ, Wong, P, and Fournier, PBnergy expenditure and enjoyment of
small-sided soccer games in overweight bdyduman Mvt ScB0: 636-647.2011.

64. Vickery, W, Dascombe, B, Duffield, R, Kelle#, and Portus, M. Battlezone: An
examination of the physiological responses, moveérdemands and reproducibility of small-

sided cricket gamed.Sports ScB1: 77-86.2013.

37



65. Williams, K, and Owen, A. The impact of playrmmbers on the physiological responses

to small sided games [abstradt]Sports Sci Me@: 10-100.2007.

38

Copyright © Lippincott Williams & Wilkins. All rights reserved.



Table 1: Summary of studies examining the effects of pitchehsions on small-sided game intensity in teamtspo

Sample Age Game Pitch
Field Study size (years) |design Duration (m) % HRax La RPE
- 30 x 20 70.04+9.0 2,617 13.3+0.9
Aroso et al. (4) 14 4vs.4 3 x 6 min/ 90-s rest
50 %30 - - -
Owen et al. (52) 13 17.46x1.083 1vs.1 3x3min/12minrest 10 x § 86.0 - -
15 x 10 88.0 - -
20 x 15 89.0 - -
2vs.2 15x 10 84.2 - -
20 x 15 87.4 - -
Football
25 x 20 88.1 - N
3vs.3 20 x 15 81.7 - -
25 x 20 81.8 - -
30 x 25 84.8 - -
4vs.4 25 x 20 72.0 - -
30 x 25 78.5 - N
30 x 25 75.7 - N
5vs.5 35 x 30 79.5 - -
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40 x 35 80.2 - -
mean HR:
20 x 15 164+12 - -
Williams and Owen (65) 9 17+1.0 25 x 20| mean HR: 166+ - -
3vs.3 mean HR:
- 30 x 25 171+11 - -
Rampinini et al. (55) 20 3 x 4min/ 3 min rest 6.0
20x12 89.5+2.9 +1.8 | 8.1+0.6(CR10)
3vs 3 (CE)
6.3
25x15 90.5 £2.3 +1.5 8.4+0.4(CR10
30x18 90.9 +2.0 6.5+1.58.5+0.4(CR10)
24. +4.1 24%16 88.7+2.0 5.3+1.p 7.6£0.5(CR10)
55
30x20 89.4 +1.8 +1.8 7.9+0.5(CR10
4vs 4 (CE)
6.0 8.1 +0.5
36x24 89.7+ 1.8 1.6 (CR10)
5.2
28x20 87.8 £3.6 +1.4 | 7.2+0.9(CR10
5vs 5 (CE) 35x25 88.8+3.1 5.0+1.7 7.6+0.6(CR10)
40
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Rugby

42x30 88.8+2.3 5.8+1.67.5+0.6(CR10)
32%x24 86.4 £2.0 4.5+1.56.8+0.6(CR10)
6vs.6 (CE) 40x30 87.0+2.4 5.0£1.67.3+0.7(CR10)
48%36 86.9+2.4 4.8+1.57.2+0.8(CR10)
Kelly & Drust, (42) 8 18 £1 5vs.5(CE) 4 x Amin/2min rest | 30%x20 91.0+4.0 - -
40x30 90.0 +4.0 - -
50x40 89.0+2.0 - -
Owen et al. (53) 15 26.3+ 4.85 3vs.3 3x5min/4 minrest | 30 x 25 94+2.7 - -
9vs.9 60 x 50 89+4.8 - -
Casamichana and Castellano 62 x 44 94.6+4.3 - 6.7+0.8
(9) 50 x 35 94.6+3.4 - 6.7+0.8
10 15.5+0.5 %s.5 3 x 8 min/5 min rest
32 x23 93.045.7 - 5.7£1.0
Foster et al. (22) 8 12-13 2 x 4 min/ 3 min rest
4vs.4
15 x 25 87.9 - -
20 x 30 88.1 - -
25 x 35 88.4 - -
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15 x 25 88.5 - -
20 x 30 89.3 - -
6vs 6 25 x 35 90.3 - -
15 x 25 89.8 - -
4vs.4 20 x 30 90.6 - -
25 x 35 91.5 - -
14 15-16
15 x 25 85.0 - -
20 x 30 87.0 - -
6vs 6 25 x 35 86.5 - -
Kenett et al. (43) 20 4vs.4 32 x24 86.7+ 6.0 5.7+3|3 13.7+2.7
21.3+1.2 6vs.6 2x9min/ 2 minrest | 64 x 48 89.4+4.8 8.2+3/4 15.842.2
8vs.8 - - - R
Basketbal 3vs.3 14 x 15 76.3£2.5 - -
I Atli et al. (5) 12 15.5+0.5 4 x 4 min / 2 min rest
3vs.3 28 x 15 85.6+3.1 - -
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4 x25min /1 min

Klusemann et al. (45) 16 15-19
2vs.2 rest 15x 14 84+5 - 6+2

4vs.4 2 x 5 min/ 30-s rest 30 x 28 85+4 - 7+2

La: lactate concentration; HR: heart rate; %Rpercentage of maximum; HR: heart rate; RPE: gadinperceived exertiort;: increase; -: no

data.
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Table 2. Summary of studies examining the effects of playenbers on small-sided game intensity in teamtspor

La
Age
Field Study Samplesize Game design Duration Pitch (m) | % HRyax (mmol/L) |RPE
Football 4vs.4 3 x6min/90-s| 30x% 20 70.0+9.0 2.6£1.7 13.340
Aroso et al. (4) 14 - rest 50 x 30 - - -
Owen et al. (52) 13 17.46+1. lvs.1 1x3min/12 | 110x5 86.0 - -
05 min rest 15x 10 88.0 - -
20 x 15 89.0 - B
2vs.2 15x 10 84.2 - -
20 x 15 87.4 - -
3vs.3 25x 20 88.1 - -
20 x 15 81.7 - R
25x 20 81.8 - -
4vs.4 30 x 25 84.8 - -
25x 20 72.0 - B
30 x 25 78.5 - -
5vs.5 30 x 25 75.7 - -
35x 30 79.5 - B
40 x 35 80.2 - -
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o7

Ul

Williams and Owen 9 17+1.0 3vs.3 20 x 15 mean HR: 164+12 - -
(65) 25 % 20 mean HR: 16619 - -
30 x 25 mean HR: 171+11 - -
Katis& Kedllis, (41) 34 13+0.9 3vs.3 10x 4 min/3 - 87.6 £4.77 - -
6vs.6 min rest - 82.8 £3.22 - -
Hill-Hass et al. (34) 12 156 + 3 players 24-s 37 x 28 82.3+13.5 2.510.7 16.3+1.
0.8 553+187(D
2543+187(TD m) m 10+6(SP
16 4 players 24-s 37 x 24 83.1+4.0 2.5+0.9 14.6+1.
482+187(D
2408+231(TD m) m) 8+4(SP)
8 Floater 24-s 37 x 28 82.743.0 2.3+0.8 16.3+1.
628+132(D
2668+220(TD m) m 9+6(SP)
20 5 players 24-s 47 x 35 82.515 2.5+1.0 15.2+1
649+190(D
2526+302(TD m) m) 9+5(SP)
24 6 players 24-s 47 x 35 81.4+5.1 2.6x1.1 14.940.
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25242247(TD m)

589:177(D 8+4(SP)



m)

Ul

4 Floater 24-s 47 x 35 82.5+5.6 2.810.2 16.3+1.
673+194(D| 15+3
2610+201(TD m) m) (SP)
Matched 3vs.3and 5vs.5 82.5+4.6 2.6x1.1 15.2+1.
PN(a) 582+190(D
2585+204(TD m) m) -
Overload PN 6 players and 4 players 82.3+4.5 2.6+1.0 14.7+1.
teams 528+184(D
2458+243(TD m) m) -
Underload 5 players and 3 players 82.3+4 2.6+1 15.8+1.1
PN teams 598+192(D
2535+ 247(TD m) m) -
Owen et al. (53) 15 26.3+4.8 3vs.3 3x5min/4min 30x25 94+2.7 - -
5 9vs.9 rest 60 x 50 89+4.8 - -
DaSilvaet al. (14) 16 135+ 3vs.3 3x4min/3 min 30 x 30 89.8+2 - -
0.7 4vs.4 rest 89.8+2 - -
5vs.5 86.9+3 - -
Brandeset al. (7) 17 149 + A5s8.2 3x4 28 x 21 93.314.2 4.6+1.8 -
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0.7 3vs.3 3x5 34 x 26 91.5+3.3 3.4+1.3 -
4vs.4 3%x6 40 x 30 89.7+3.4 4.2+1.8 -
Koklu et al. (46) 16 15.7 + 1vs.1 1x6 6 x 18 86.1+4.2 9.4+2.9 -
0.4 2vs.2 2x6 12.x 24 88.0+4.9 8.0+2.8 -
3vs.3 3x6 18 x 30 92.8+4.1 7.5+£2.5 -
4 x6 min/ 2'min
4vs.4 rest 24.x 36 91.5+3.6 7.2x2.7 -
Dédllal et al. (16) 27 16.5+0.5 8 x 2 min/ 1 min
2vs.2 rest 20 x 25 80.1+3.6 - -
6 x 30-s/90-s
3vs.3 rest 25x 30 81.5+4.3 - -
4 x 4 min/ 2 min
4vs.4 rest 28 x 35 70.615.9 - -
Dellal et al. (17) 20 2742 2vs.2 2 x 4 min 20 x 15 90.7 35 7.6
3vs.3 3 x4 min 25 x 18 89.3 3.3 7.7
4vs.4 4 x 4 min 30 x 20 85.5 2.8 7.9
Castellano et al. (11) 14 21.3+2.3 3 x 3 min/ 5 min
3vs.3 rest 43 x 30 93.8+3.4 - -
5vs.5 3x5min/5min 55x 38 92.7+4.0 - -
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rest

3 x 7 min/ 5 min

7vs.7 rest 64 x 46 94.3+5.3 -
Aguiar et al. (3) 10 18.0+0.6 3x6min/1min 150 nf 17.01+2.
7 2vs.2 rest per player 87.46+7.46 88
17.01+2.
3vs.3 89.56+3.15 88
15.00+2.
4vs.4 85.91+5.98 25
13.48+2.
5vs.5 84.56+7.56 67
Abranteset al. (1) 16 15.75%0. 3vs.3 4 x 4 min /2 min| 20x30 m | HR zone 1(<75%) 16.610.3
45 rest 0.7+0.1

HR zone A75-85%)

1.4+0.2

HR zone 385-90%)

0.7+0.1

HR zone 4>90%)

1.1+0.2
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4vs.4 20 x40m HR zone 1(<75%) 16.0+0.5
1.1+0.2
HR zone A75-85%)
1.6x0.1
HR zone 385-90%)
0.8+0.1
HR zone 4(>90%)
0.6+0.2
Rugby Foster et al. (22) 8 12-13 2x4min/3 min 15 x 25 87.9 -
4vs.4
rest 20 x 30 88.1 -
25 x 35 88.4 R
15x 25 88.5 -
20 x 30 89.3 -
6vs 6 25x 35 90.3 -
14 15-16 15x 25 89.8 -
4vs.4 20 x 30 90.6 -
25 x 35 91.5 -
6vs 6 15x 25 85.0 -
20 x 30 87.0 -
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25 x 35 86.5 - -
Kenett et al. (43) 20 21.3+1.2 4vs.4 2x9min/2min| 32x24 88.81+5.9 8.9+3.2 17.4+1
6Vs.6 rest 64 x 48 88.445.7 6.5+3.0 15.0+1
8vs.8 - 87.1+5.1 6.0+3.7 12.7+2.b
Basketb | Sampaio et al. (58) 8 15.5+0.6 3vs.3 4 x 4min / 3 min - 87.1 - 3.0
all 4vs. 4 rest
82.7 - 4.1
Klusemann et al. 4 x5 min /1
16 15-19 1514
) 2vs.2 min rest 86+4 8+2
(45)
2 x5min/30-s
30 x 28
4vs.4 rest 8315 612
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(a)= Matched team exluding floater ; AU = arbitramyits; La = lactate concentration ; HR = heargyr&tRmax = percentage of maximum HR;
RPE = rating of perceived exertion; - indicatesdata; D= distance (m):>13,0 km/h; PN= player numB&: number of sprints >18,0 km/h;

TD= total distance (m).
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Table 3. Summary of studies examining the effects of comurmanipulation of player numbers and pitch disi@ms on small-sided game

intensity in team sports.

Field Study Sample size | Age (years) | Game design Duration Pitch (m) [ % HRax La(mmol/L) | RPE
Football 3vs.3 1 x 15 min 27 x 18 88,0 - -
Platt et al. (54) 2 10to 12
5vs.5 1 x 15 min 37 x 27| 82,0 - -
2vs.2 4x2min/2minrest 27 x18 88.9+1.2 9.6 +1.0 16.3+0.9
3vs.3 4 x210-s/90 s res 32x23 91.0+1.2 8.5+0.8 15.7+1.1
4vs. 4 4 x4min/2minrest| 37 x 27 90.1+1.5 9.5+1.1 .316.7
Littleand Willams (50) 28 22.8+4.5
5vs.5 4 x 6 min/ 90 s rest 41 x 2)7 89.3+2.5 7.9+1.7 14.3t1.5
6Vvs.6 3 x 8 min / 90s rest 46 x 2 87.5+2.0 5,6+1.9 .618.0
8vs.8 4.x 8 min/ 90s rest 73 x 411 87.9+1.9 5.8+2.1 .144.8
4vs. 4 1 x 10 min 30 x 25 83.0 - -
Jones and Drust, (40) 8 71
8vs.8 1 x 10 min 60 x 40 79.0 - -
3vs.3 (CE) 30 x 18 90.9+2.0 6.5+1.5 8.5+0.4
245+ 4.1 4vs.4 (CE) 36 x 24 89.7+1.8 6.0+1.6 8.1+0.9
Rampinini et al. (55) 20 3 x4 min/3 minres
5vs.5 (CE) 42 x 30 88.8+2.3 5.8+1.6 7.5+0.6
6vs.6 (CE) 48 x 36 86.9+2.4 4.8+1.5 7.2+0.8
Dellal et al. (15) 10 26+2.9 Ivs. 1 4 x 90-s / 90-s rest 10 x 10 77.6+8.6 - -
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2vs.2 6 x 150-s/150-srest 20 x 20 80.1+8.7 - -
4 vs.4 with GK 2 x4min/ 3min res 30 x 25 77.1+£10.7 - -
8vs.8withGK | 2 x 10 min/5minrest 60 x 45 80.3+12.5 - -
8vs.8 4x4min/3minrest 60 x 45 71.7+6.3 - -
10vs. 10 with GK| 3 x 20 min / 5 min rest 90 x 45 75.7+7.9 - -
89.0+4.0 6.7+2.6 13.1+1.5
2vs.2 28 x 21
2574+16TD(m) 11764+8(Dm)| 44+24(SPm
85.0+4.0 4.7+1.6 12.2+1.8
Hill-Hass et al. (32) 16 16-18 4vs. 4 1 x 24 min 40 x 30
26504£18TD(m) 1128+10(Dm) 65+36(SPm
83.0+4.0 4.1+2.0 10.5#1.5
6vs.6 49 x 37
25904+33TD(m) 1142+16(Dm) 71+36(SPm
3vs.3 25 x 15 87.6+4.77 - -
Katisand Kellis (41) 34 13+0.9 10 x 4 min / 3 min rest
6vs.6 40 x 30 82.8+3.22 - -
Owen et al. (53) 3vs.3 30 x 25 94+2.7 - -
15 26.3+4.85 3 x5 min/ 4 minres
9vs.9 60 x 50 89+4.8 - -
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Rugby

Foster et al. (22)

8 12-13
4vs. 4
6vs 6
14 15-16
4vs.4

Copyright © Lippincott Williams & Wilkins. All rightsreserved.

2 x4 min/ 3 minres

54

15x 25 87.9
20%x 30 88.1
25 x 35 88.4
15x 25 88.5
20 x 30 89.3
25x 35 90.3
15x 25 89.8
20 x 30 90.6
25x 35 91.5




15x 25 85.0 - -
20 x 30 87.0 - -
6vs 6 25x 35 86.5 - -
Kenett et al. (43) 20 21.3+1.2 4s.4 2x9min/ 2 minrest 32 x 24 88.8+5.9 8.9+3.2 17.4+15
6vs.6 64 x 48 88.445.7 6.5+3.0 15.0+1.8
Kenett et al. (43) 20 21.3+1.2 8vs.8 2 x 9 min/ 2 min rest - 87.1+5.1 6.0+3.7 12.7+2.5

exertion; -: no data; SP: number of sprint8.8km/h; TD: total distance.
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AU: arbitrary units; La: lactate concentration; QiBach encouragement; %KHRK percentage of maximum heart rate; RPE: ratingeoteived



Table 4. Summary of studies examining the effects of rubeslifications on small-sided game intensity in tespuarts.
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Field Study Samplesize | Age (year) | Game design Duration Pitch (m) Rules % HRnax La (mmol/L) | RPE
3x1.5/90s Player to player
Football 2vs.2 - 8.1+2.7 -
rest marking
Aroso et al. (4) 14 - 30 x 20
3 x4 min/ Maximum of 3
3vs.3 - 4.9+2.0 -
90s rest consecutive touches
8vs.8 with GK Free touch 82.0 3.3+1.2
4 x4 min/ 2
Sassi et al. (60) 9 - 50 x 30
min rest Free touch with
8vs.8 with GK 91.0 - -
pressure
Player to player
- - 17.1+0.5
2x90-s/90s marking
2vs.2
rest Maximum of 2
- - 16.8+0.5
Sampaio et al. consecutive toucheg
8 15+0 30 x 20
(59) Player to player
- - 16.5+0.5
2x3min/ marking
3vs.3
90s rest Maximum of 2
- - 16.5+0.5
consecutive touches
Littleand 23 22.8+4.5
5vs.5 5x2min/2 55 x 32 Pressure half swit¢h 89.9 - -
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min rest

Williams (50) 5x2min/2
6vs.6 59 x 27 Pressure half switch 90.5 - -
min rest
Possession 91.0 - -
Mallo and 1x5/10 min Possession with 2
10 - 3vs.3 33x20 91.0 - -
Navarro (51) rest outside neutral playefs
Normal rules with GK 88.0 -
24 Condition &+b° 83.3+3.8 2.8+1.0 15.8+1.p
23 3vs.4 and vs.3 24'min Condition a+b+& 84.8+3.8 2.4+0.8 15.6+2.B
37 x 28
23 with 1 floater continuous Condition a+b+c+d 80.3+4.8 2.3+1.1 14.8+1.p
Hill-Hass et al. 26 Condition a+b+c+d+d 83.7+4.0 2.8+1.1 15.1+1.p
15.6+0.8
(34 21 Condition &+b° 81+4 2.2+1.0 15.3+1.1
22 5vs.6 and 6vs.5 24 min Condition a+b+& 83+5 3.2+1.2 14.9+1.4
47 x 35
20 with 1 floater continuous Condition a+b+c+d 83+5 2.3+1.1 14.6+0.9
21 Condition a+b+c+d+¢ 80+3 2.4+0.9 14.9+1.1
Déellal et al. 40 25.3+2.4 As.4 4x4min/3| 30x20
. 1 ball touch 87.6+2.5 3.0+0.3 8.0+07
(18) min rest m
2 ball touch 85.6+3.0 2.9+0.1 7.91+0J8
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free ball touch 84.7+2.7 2.8+0.2 7.3x0
B1: 85.0+2.3 2.5+0.2 6.8+0.8
B2: 86.7+2.4 2.8+0.3 7.8+0.8
1 ball touch
B3: 88.2+2.6 3.1+0.4 7.9+0.8
B4: 90.4+2.7 3.5+0.5 8.9+0.8
B1: 83.4+2.8 2.5+0.1 6.91+0.8
Dellal et al. 4 x4 min/ ;
B2: 84.7+2.9 2.7+0.2 7.7+1.0
(19) PN B3: 86.143.1| 3.0:02 | 8.1+0.7
B4: 89.7+3.2 3.2+0.3| 8.9+0.5
B1. 82.7+2.6| 2.4+0.3 6.3+0.5
B2: 84.1+2.6 3.1+0.2 7.1+0.5
Free ball touch
B3: 85.1+2.7 3.3+0.2 7.3+0.7
B4. 86.8+2.9| 45+0.3 8.2+0.9
Abranteset al 16 1575 i 3VS3 4)(4 mII"I /2 only defense Zonel (<75%) 160 i
(@] 0.45 min rest 0.3
4vs.4 1.310.2 (+)
Zone2(75—
85%)
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Only offense

Both types
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20zx0.1
Zone3(85—
90%)

0.6 +0.2(+)
Zone4£90%)
0.2+0.1(+)
Zonel
(<75%)

0.7 £0.2(+)
Zone2(75—
85%)
1.4+£0.2(+)
Zone3 85+
90%)

0.8 +0.2(+)
Zone4£90%)
1.1 +0.3(+)

Zonel

159+

0.5

16.0 £




(<75%)

0.7 +£0.3(+)
Zone2(75—
85%)
1.2+£0.1(+)
Zone3(85—
90%)

0.9 +0.1(+)
Zone4£90%)

1.3+0.2(+)

0.3

Jakeet al. (39)

12

16.2+0.7

¥s.3

3x4min/4

min rest

18 x 25

Man marking and

goals

80.5+5.8

7.1+0.7

Man marking without

goals

80.5+4.1

7.4+0.8

Goals without man

marking

75.7+4.7

6.9+0.9
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Without goals and

without man marking

Copyright © Lippincott Williams & Wilkins. All rightsreserved.

76.1+4.2

6.9+0.8




3% 3min/5 SSG-P 94.6+3.0 -
3vs 3 minrest | 43%30 SSG-G 94.843.7 -
SSG-g 91.8+2.8 -
3x5min/ 5 SSG-P 94.6+4.1 -
Castellano et
14 21.3+2.3 5vs.5 minrest | 55x 38 SSG-G 92.1+4.0 -
al. (11)

SSG-g 91.5+3.5 -
SSG-P 94.945.4 -

3 x7min/5
7vs.7 64 x 46 SSG-G 93.2+4.4 -

min rest

SSG-g 94.745.9 -

a: offside rule in effects (from one-third zonetloé pitch).

b: kick in only (ball cannot be thrown in if it le@s the pitch).

c: all attacking team players must be in front @eoes for a goal to count.

d: Before scoring the attacking team must pas$dfieo one of two neutral players who can moveaogd down outside the pitch. A maximum
of one touch on the ball is allowed.

e: one player from each team complete 4 repetitdrisprints the width/jog the lengths” on a 90temval (3vs.4 and 3/s.3 +1 games) or three
repetition each 80-s (.5 and 5vs.5 +1 games). TD travelled per player, regardlégmme format, would be approximately 440m.

GK: Goalkeepers; B: bout; SSG-P: with possessi@G-&: with GK; SSG-g: with small goals; (+): timgesit in this zone.
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La: lactate concentration; HR: heart rate; %Rpercentage of maximum HR; RPE: rating of peradierertion.
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Table 5. Summary of studies examining the effects of gagees (GK) on small-sided game intensity in teaortsp

Copyright © Lippincott Williams & Wilkins. All rightsreserved.

Field Study Samplesize| Age |Gamedesign [Pitch (m) Duration Rules HR La(mmol/L) | RPE
i 4vs. 4 30 x 30 %HRax 91.0 6.4+2.7 -
Sassi et al. (60) 9 avs. 2 with 4x4 rrnelzt/ 150-s Possession
éK 33 x 33 %HR,.c | 88.8 6.2+1.4 -
_ 3vs.3 mear;);—:: 173 i i
Mallo an5leavarro 10 33 x 20 1x5 n:gnsi 10 min
(51 3vs.3 with mean HR: 166 i i
GK bpm
Normal rules
4 x4 min/ 3 min
0, . - -
2642.9 8vs.8 60 x 45 rest YoHRes 71.7
Déllal et al. (15) 20
8vs.8 with 2x10 min/5 min
0, . - -
Football GK ‘¥ o rest #HRes 180.3
2vs.2 86%HRax 7.4 6
2vs.2 with g 27 et r:;Zt/ am
éK 88%HRyax 8.4 7.3
3vs.3 86.9%HR,x 6.5 4.6
3x4min/2min collective
Koklu et al. (47) 16 16.5+1.5 3vs 3 Wih 20 x 30 rest possession
GK 89.1%HR, .« 5.3 6.5
4vs. 4 88.7%HRax 6.1 51
. . .
4vs. 4 with 25% 32 e T;Zt/ zmn
éK 90.1%HRyx 6.9 5.7
63




La: lactate concentration; GK: Goalkeepers; HR:HBate; %HRmax = percentage of maximum heart PatéR.s = percentage of heart rate

reservey: Increase to}: Decrease to; -: no data.
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Table 6. Summary of studies examining the effects of tragmegimen on small-sided game intensity in teaantsp

Field Study Samplesize | Age (years) Design Duration Regimen % HRnax
1vs.1:86.0
2vs 2:88.0
Owen et al. (52) 13 17.46+1.05 Ivs.1to 5vs.5 3 % 3min /12 min rest Interval 3vs 3:81.7
4vs.4:72.0
5vs.5:79.5
Aroso et al. (4) 14 4vs.4 3 x 6 min/90-srest| Interval 70.0£9.0
4vs.4 Mean HR: 175 + 10 bpm
Jones and Drusgt, (40) 71 1 x 10 min continuoug
8vs.8 Mean HR: 168 + 6 bpm
3vs.3 89.5+2.9
Rampinini et al. (55) 20 24.5+4.1 3 x4 min/ 3 min rest Interval
5vs.5 88.8+3.1
Kelly and Drust, (42) 8 18+1 5vs.5 4 x 4 min / 2 min rest Interval 91.0+4.0
Littleand Williams, (50) 28 22.8+4.5 2vs.2 4 x 2 min / 2 min rest Interval 90.8
3vs.3 4 x 210-s/ 90-s rest Interval 90.6
4vs.4 4 x 4 min / 2 min rest Interval 90.2
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5vs.5 4 x 6 min / 90-s rest Interval 89.3
6vs.6 3 x 8 min/ 90-s rest Interval 87.5
8vs.8 4 x 8 min / 90-s rest Interval 87.6
1vs.1 4 x 90-s / 90-s rest Interval 77.6
2vs.2 6 x 150-s/150-s res Interval 80.1
4 vs. 4 with or without GK 2% 4 min/ 3 min res Intetv 77.1
Ddlal et al. (15) 10 26+2.9
8vs.8 with or without GK 2 % 10min / 5min rest Intetva 80.3
8vs.8 4 x 4 min/ 3 min rest Interval 71.7
10vs. 10 with GK 3 x 20 min /5 min rest Interval 75.7
2vs.2; 4vs.4; 6Vvs.6 4 x 6 min / 90-s rest Interval 84+1
Hill-Hass et al. (35) 16 16.2+0.2
2Vvs.2; 4vs.4; 6vs.6 1 x 24 min Continuou 87+1
+
Owen et al. (53) 15 26.3x4.85 3vs.3 3 x 5 min/ 4 min rest Interval 4x2.1
9vs.9 89+4.8
3vs.3 87.6x4.77
Katisand Kellis, (41) 34 13+0.9 10 x 4 min / 3 min res Interval
6vs.6 82.8+3.22
2vs.2 2 x 4 min/ 3 min rest Interval %HR 80.1 +3.6
Ddlal et al. (19) 20 27+2 3vs.3 3 x 4 min/ 3 min rest Interval %HR 81.5+4.3
4vs.4 4 x 4 min/ 3 min rest Interval %HKR 70.61£5.9
Dasilvaet al. (14) 16 13.5+0.7 ¥s.3 3 x4 /3 min rest Interval 89.8+2
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4vs.4 89.8+2
5vs.5 86.9+3
2vs.2 3 x 4/1.5 min rest Interval 93.3+4.2
Brandeset al. (7) 17 14.940.7 3vs.3 3 x 5/1.5 min rest Interval 91.5+3.3
4vs.4 3 x 6/1.5 min rest Interval 89.7+3.4
1vs.1 1 X 6 min/.2 min rest Interval 86.1+4.2
2vs.2 2% 6 'min/ 2 min rest Interval 88.0+4.9
K oklu et al. (46) 16 15.7+0.4
3vs.3 3 x 6 min/ 2 min rest Interval 92.8+4.1
4vs.4 4 x 6 min/ 2 min rest Interval 91.5+£3.6
2vs.2 8 x 2 min/ 1 min rest Interval 80.1+£3.6
Déllal et al. (18) 27 16.5+0.5 3vs.3 6 x 30-s/ 90-s rest Interval 81.5+4.3
4vs.4 4 x 4/ 2 min rest Interval 70.6%5.9
94.614.3
Casamichana and Castellano (9) 10 15.5+0.5 5%s.5 3 x 8 min/5 min rest Interval 94.6+3.4
93.015.7
Dellal et al. (20) 40 25.312.4 4/5.4 4 x 4 min / 3 min rest Interval 87.6x£2.5
Koklu (48) 20 16.6+0.5 2vs.2 3 x 2 min/ 2 min rest 88.6+3.8
3vs.3 3 x 3 min/ 2 min rest| Interval 92.0£2.0
4vs.4 3 x 4 min/ 2 min rest 90.1+2.5
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2vs.2 1 x 6 min 88.8+3.2
3vs.3 1 x 9 min Continuous| 91.2+2.6
4vs.4 1x 12 min 89.3+2.7
4vs.4 88.8+5.9
Kenett et al. (43) 20 21.3£1.2 6vs.6 2 x 9 min/ 2 min rest Interval 88.445.7
8vs.8 87.1+5.1
87.9
4vs.4 88.1
8 88.4
12-13
88.5
6Vs.6 893
90.3
Foster et al. (22) 2 x 4 min/ 3 min rest Interval
89.8
4vs.4 90.6
91.5
14 15-16
85.0
6Vs.6 87.0
86.5
GK: Goalkeepers.
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Table 7. Studies comparing small-sided games (SSG) trawvitiyinterval training.

Field Study Samplesize | Age (years) | Group Training intervention Results
6 weeks, 2 sessions per week SS@s(5) VOomax 11
9 18.2+1.4 SSG
Reilly and 4 min, 3 min at 50-60 % of HR x 6 Lanax T4
White, (56) 6 weeks, 2 sessions per week, running intervals 2O
9 18.2+1.4 | Interva|
4 min at 85-90% of HR.x 3 min at 50-60% of HR. X 6 Lanax 1!
SSG 4vs.4, 8vs.8 91% HR\ax
Sass et al. (60) 9
Interval running.intervals: 1000 m, 150-s rest x 4 85%.HR
14 - SSG 12 weeks, 2 sessions per week: 4 minn&tr60-70% of HRax x 4 VOmax 17%

Football | Impellizzeri et

12 weeks; 2 sessions per week running intervaisindat 90-95% of HR,y, 3
al. (38) 15 - Interval VOsmax 18%
min at 60-70% of HR, x 4

1vs.1, 2vs.2, 4vs. 4, 8vs.8 and 10/s.10 with and without a goalkeeper (5-7

10 26+2.9 SSG HRes 77%
training sessions per week for 6 month)

Déllal et al. (21) Short-duration intermittent runs: 30-30-s with eetrecovery, and 30-30-s, 15-
HRs in the 30-30-s

10 26x2.9 Interval 15-s, 1010-s, and 5-20-s with passive recovery ffaing sessions per week
intermittent run: 85.7%

for 6 month)

37 22.1+0.9 SSG 9 weeks, 2 sessions per weekisigikd conditioning games, 60-100 min M 15%

Rugby Gabbett, (27) 9 weeks, 2 sessions per week, 60-100 min: spe&drpadgility, and
32 22.3+0.8 | Interval VOsmax 15%
endurance training,
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Handball

Buchheit et al.

8

Mean VG;: 53.3+£3.3

15 15.5+0.9 SSG SSG performed over a similar tievéop
Mean HR: 175.4 + 8.7
10 weeks, 2 sessions per week 12-24 x 15 s ri@Bd4atof the speed reached Mean VO;: 50.1+7.1
17 15.5+£0.9 | Interval at the end of the 30-15 Intermittent Fitness Terspersed with 15-s passiyve

recovery

Mean HR: 178.6+7.8

VO.: oxygen uptake; V&hax maximal oxygen uptake; kax maximal lactate concentration; HR: heart rate;,giRmaximal HR; HR.s heart

rate reservet: increase tof|: no change.
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