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Abstract:

Aim: Small-sided games are widely used training methods because they permit the trainer to focus on
technical/tactical and physical aspects at the same time. The study also aims to investigate and compare the
cardiac responses assessed during 3 vs. 3 games played in a “cage” compared with 8 vs. 8 games played with
goal keepers and to understand the correlation between the values of aerobic power and heart rate measured
during small-sided games.

Methods: 16 young soccer players.

Results: The assessment of aerobic power, measured by means of the Leger test, revealed a mean VO2max value
equal to 54.23 + 3.89 ml/kg/min.

The results showed statistically significant differences between 3vs3 cage and 8vs8 for % mean heart rate
(88+2,7 vs 77+3,8, p<0.0005) and % max heart rate (94,6=1,5 vs 88,6+2,9, p<0.0005). A significant negative
correlation emerged between the VO2max and % mean heart rate during the first period (r=-0.873, p<0.01), the
second period (r=-0.678, p<0.05) and the third period (r=-0.615, p<0.05).

Conclusion: This study is the first to describe and quantify the internal load imposed by a specific playing
modality (i.e. a cage-enclosed pitch) on a small-sided games format (i.e. 3 vs. 3) that demands that play is
continuous and without any interruption (for example, due to balls going out of play) using young football
players. The results also show that physiological responses in young players are greater in small-sided games
involving a smaller number of players (i.e. 3 vs. 3 compared with 8 vs. 8).
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Introduction

The data obtained from match analysis research confirm the intermittent nature of the football, with
phases of high-intensity exercise interspaced by phases of recovery (1,2,3,4,5,6,7,8,9,10) that require heart rate
(HR) to adapt continually (11,12,13,14,15,16,17,18,19,20,21,22,23,24).

Small-sided games (SSG) are technical training exercises performed in the form of matches played on
reduced sized pitches, with a reduced numbers of players and specific rules; they are often inserted into weekly
microcycles and used at different points of a training programme depending on the technical-tactical and
physical objectives that the trainer, in agreement with the athletic trainer, has fixed for the session; this is because
in addition to leading to improvements in technical abilities, SSG also activate aerobic metabolism (25,26).

From the practical point of view, SSG played using higher numbers of players become ideal training
exercises for improving technical-tactical aspects, while those played with relatively few players are more
suitable for physical conditioning (26). SSG are widely used in football training programmes, including youth
football training, even in players as young as 6-7 years. Due to the reduced dimensions of the playing area and
the reduced number of players involved, the frequency at which each player is in possession of the ball is higher,
thus providing more opportunity for each player to improve passing, dribbling and their capacity to strike the
ball, and to deal with common tactical situations during play, such as collaborating with team members, running
without the ball and escaping a marker in order to receive the ball (27).

Consequently, studies exist in the literature that have specifically addressed the use of SSG in young
players as well as more experienced athletes and that compare the various playing formats (e.g. 1 vs. 1,2 vs. 2, 3
vs. 3,4 vs. 4 and 5 vs. 5) and monitor lactate concentration, heart rate, the percentage of maximal heart rate and
the perceived exertion (15,17,19,24,28,29,30). Other studies have analysed SSG organised such that one of the
two sides is formed of a greater number of players (12,18). Finally, some Authors have observed and compared
the cardiac response and the technical actions performed during different SSG formats and the traditional 11-a-
side game (31).

However, a specific problem remains unanswered in the literature: what physiological responses occur
during SSG played on a pitch in which the perimeter lines are delimited by barriers (the so-called “cage”) and
what are the relationships between the values measured during maximal incremental aerobic tests and HR
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assessed during 3 vs. 3 games played in “cage” modality. Considering that acrobic performance does not solely
constitute a biological foundation of strength capacity, but also favours to a significant level the speed of the
recovery processes following intensive interval training, the relationships between the values of aerobic power
and cardiac response in young football players undergoing SSG training also remain to be understood (32,33,34).

The aims of this study are the following:

1. to evaluate and compare the values of heart rate recorded during two different SSG formats: 8 vs. 8
with a goal keeper and 3 vs. 3 in a pitch delimited and enclosed along all perimeter lines and above (i.e. the so-
called “cage” format);

2. to assess the correlation between the values of aerobic power and heart rate recorded during the
alternating play and recovery phases (four periods of play each lasting of 3 minutes spaced by 2 minutes of
passive recovery) of a 3 vs. 3 SSG in “cage” modality.

Methods
Participants

The sample is composed of young football players participating in the novice training category (N =
16). The mean age, weight and height of the players was 13 + 0.1 years, 45.4 + 10.1 Kg and 155.5 + 8.6 cm,
respectively.
Of the N = 16 subjects enrolled into the study, only N = 12 completely the evaluation procedure as the inclusion
criteria required participation in both the exercise sessions in the absence of injury and that the 72 hour recovery
period between the two sessions was fully respected. Thus data pertaining to N = 4 subjects were excluded from
the final results.
Materials

HR was assessed using wireless heart rate monitors equipped with a telemetry system (Polar Electro
Oy, Kempele, Finland). The 3 vs. 3 SSG was played on a 16 x 8 metre pitch enclosed by a cage, which delimited
the playing area along all perimeter lines as well as above. The playing surface was composed of the latest
generation of artificial turf. The dimensions of the two goals were 1 x 0.8 meters. The 8 vs. 8 with goal keeper
SSG format was played on a 62 x 44 meter pitch with standard sized goals (7.32 x 2.44 metres). Both SSG
formats used a size 5 football.
Procedures

Seventy-two hours before the first SSG was played, anthropometric variables for all participating
subjects were assessed, followed by a maximal incremental aerobic test (specifically, the Leger test; 35). After
72 hours of recovery, the 8 vs. 8 with goal keepers SSG was played, composed of two 25 minutes playing
sessions with a passive recovery phase of 5 minutes at half time. Throughout the duration of the two playing
sessions, heart rate was constantly monitored using wireless Polar heart rate monitors. Along the sidelines of the
pitch, extra footballs were located such that the game could be immediately restarted without a pause should a
ball go out of play. Following the completion of this first SSG, the players were subjected to a 72 hour recovery
period, before the 3 vs. 3 “cage” format SSG was then played. This second SSG consisted of a series of four
periods of play, each lasting of 3 minutes, spaced by 2 minutes passive recovery between each play period. As in
the case of the 8 vs. 8 SSG, throughout the duration of the playing and recovery times, all players were
constantly monitored using wireless Polar heart rate monitors.
Statistical Analysis

Descriptive statistics (M £ SD) were calculated for all assessed variables; Student’s t tests for paired
data were used to investigate the existence of statistically significant differences between the HR values
measured during the execution of the two different SSG typologies. Pearson’s correlations were performed to
test the strength of the linear relationships between the values of VO,max obtained from the Leger test and the
percentage of mean HR, the percentage of maximal HR, the percentage of HR during recovery, maximal HR
(BPM) and the time spent in the different intensity zones identified in the 3 vs. 3 SSG. Statistical significance
was set at p<0.05.

Results

The assessment of aerobic power, measured by means of the Leger test, revealed a mean VO,max value
equal to 54.23 + 3.89 ml/kg/min. The mean results for the cardiac responses that emerged during the two SSG
typologies considered are summarised in table 1.
Table 1. Comparison of % meanHR and % HRmax recorded during the 3 vs. 3 and 8 vs. 8 + goal keeper SSG

3vs.3 8 vs. 8 + goal keeper
% meanHR 88+2.7 77+ 3.8 FFE*
% maxHR 946+1.5 88.6 + 2.9 *xx*

5% n<0.0005

Pearson’s correlation coefficients for the assessed variables are summarised in tables 2, 3 and 4.
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Table 2. Pearson’s correlation coefficients for the values of aerobic power obtained in the maximal increment
aerobic fitness tests and values of % meanHR measured during the four periods of play that made up the 3 vs. 3
“cage” SSG

VO,max % meanHR % meanHR % meanHR % meanHR

VO,max - -0.873(*%) -0.678(%) 0.615(%) -0.302

* p<0.05; ** p<0.01

Table 3. Pearson’s correlation coefficients for the values of aerobic power obtained in the maximal increment
tests and % maxHR recorded during each of the 4 periods of play and % meanHR measured during the first and
second minute of recovery time between the play periods in the 3 vs. 3 “cage” SSG

Period 1 Period 2
% maxHR % meanHR % meanHR % maxHR % meanHR % meanHR
1st min rec. 2nd min rec. 1st min rec. 2nd min rec.
VO,max -0.801(**) -0.843(**) -0.579(*) -0.547 -0.843(**) -0.579(*)
Period 3 Period 4
% maxHR % meanHR % meanHR % maxHR % meanHR % meanHR
1st min rec. 2nd min rec. 1st min rec. 2nd min rec.
VO,max -0.524 0.094 -0.158 -0.184 -0.027 -0.303

* p<0.05; ** p<0.01
Table 4. Pearson’s correlation coefficients for the values of aerobic power obtained in the maximal increment

aerobic fitness tests and the length of time spent in the different intensity zones identified in the 3 vs. 3 “cage”
SSG

VO,max s at 50-60% s at 61-70% s at 71-80% s at 81-90% s at 91-100%
VO,max - 0.318 0.874(**) 0.549 0.828(**) -0.818(**)
** p<0.01
Discussion

The first hypothesis of the study was to analyse and compare the values of % meanHR and % maxHR
between the 3 vs. 3 “cage” SSG and the 8§ vs. 8 with goal keeper SSG (figures 1 and 2).
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Fig. 1. % meanHR recorded in the 3 vs. 3 and 8 vs. 8 + goalkeeper SSG formats
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Fig. 2. % maxHR recorded in the 3 vs. 3 and 8 vs. 8 + goalkeeper SSG formats
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This study is the first to analyse the responses in players participating in 3 vs. 3 SSG employing a pitch
delimited and enclosed along the perimeter lines and above by a cage; of consequence, the values identified in
this type of SSG can only be compared with those from other similar studies involving 6 players in a 3 vs. 3
game. The % meanHR measured in this study during the 3 vs. 3 “cage” SSG was 88 + 2.7%, a level that is
coherent with other studies assessing the 3 vs. 3 format, (performed without the presence of goalkeepers) that
have reported percentages of maxHR ranging between 87% and 89% (24,30,36,37,38).

Other studies exist in the literature, however, reporting values higher that those reported in the present
study, with a % maxHR that exceeds 90% (18,19,20,28). One study carried out on the 3 vs. 3 SSG performed in
three different playing modalities (normal playing rules in the presence of goal keepers; possession football; and
possession football in the presence of 2 factotum players) obtained the same values as reported here for the first
SSG playing modality, but reported a % maxHR of 91% for the second and third playing modalities, highlighting
how the simple variation of certain elements of the game is sufficient to cause a significant change in the cardiac
response (39).

Other studies that have analysed the 3 vs. 3 have reported more modest values of %maxHR, ranging
between 80-84% (12,40,41).

The “organisational” advantage of the caged pitch helps to eliminate the frequent interruptions caused
by balls going out of play and, therefore, ensures a more intense cardiac response compared with that occurring
in classic 3 vs. 3.

The studies that obtained values of %HR greater than those observed here involved pitch dimensions
that were greater than those of the present study (18,20,28) or used longer playing times (19).

The importance of varying the number of players, according to the technical-tactical or physical
objectives of the training sessions, is also confirmed by the statistically significant difference that emerged from
the comparison of the cardiac responses from the 3 vs. 3 and the 8 vs. 8 SSG, which validate the hypothesis that
SSG played with a larger number of players are better for improving the technical-tactical aspects of play, whilst
those involving a reduced number of players are more appropriate for achieving physical conditioning objectives
(206).

The significant correlations obtained between the value of VO,max and the mean HR values during the
series of play and recovery periods, and the correlations between VO,max and maxHR lead us to hypothesise
that the young football players with higher levels of VO,max are able to recover better following periods of
intense interval exercise training (32,33,42,43,44), such that it seems they are able to tolerate high intensity
exercise by controlling their HR better (44).

The same inverse correlations found between the value of VO,max and the time spent in the 81-90%
maxHR intensity zone (r = -0.828, p < 0.01) and VO,max and the time spent in the 91-100% maxHR intensity
zone (r =-0.818, p <0.01) seem to confirm this tendency.

In the literature, these functional relationships have been widely described and explained in studies
investigating the relationship between HR recorded immediately after high intensity exercise and levels of
aerobic power (45, 46).

Conclusions and practical applications

This study is the first to describe and quantify the internal load imposed by a specific playing modality
(i.e. a cage-enclosed pitch) on a SSG format (i.e. 3 vs. 3) that demands that play is continuous and without any
interruption (for example, due to balls going out of play) using young football players. The results also show that
physiological responses in young players are greater in SSG involving a smaller number of players (i.e. 3 vs. 3
compared with 8 vs. 8). Furthermore, the results suggest that the SSG formats involving fewer players may be
more appropriate for training programmes that specifically aim to improve the fitness levels of young players
because they lead to a cardiac response of around 90% of maximal HR.

This study also confirms previous data in the literature: that formats involving smaller pitches are more
appropriate for increasing internal load, while those played on larger pitches are more indicated for training
specific actions required in match play. Football trainers can thus choose the SSG format that best corresponds
with the objective of each specific training session.

Conflicts of interest
The authors of the following article have not received any funding and have no contractual relationship
with the companies that produce the products mentioned in the text.

References

Bloomfield J., Polman R., O'Donoghue P., (2007), Physical demands of different positions in FA Premier
League soccer, J Sports Sci Med, 6:63-70

Di Salvo V., Baron R., Cardinale M., (2007), Time motion analysis of elite footballers in European cup
competitions, J Sport Sci Med, Supplementum 10, 3(0-018):14—15

Rampinini E., Coutts A.J., Castagna C., Sassi R., Impellizzeri F.M., (2007a), Variation in top level soccer match
performance, Int J Sports Med, 28:1018-1024

1125

JPES®  www.efsupit.ro



SANNICANDRO, I.; COFANO, G.; ROSA, A.R.

Rampinini E., Impellizzeri F.M., Castagna C., Coutts A.J., Wisleff U., (2009), Technical performance during
soccer matches of the Italian Serie A league: Effect of fatigue and competitive level, J Sci Med Sport,
12:227-233

Dellal A., Wong D.P., Moalla W., Chamari K., (2010), Physical and technical activity of soccer players in the
French first division-With special reference to the playing position, Int J Sport Med, 11:278-290

D'Ottavio S., Tozzo N., Tell M., Manzi V., (2010), Match analysis e sport di squadra- Controllo delle relazioni
tra qualita fisiche di giovani calciatori Ul4 valutate tramite test da campo e la prestazione fisica
espressa in gara, SdS/Rivista di Cultura Sportiva, 87:53-57

Osgnach C., Poser S., Bernardini R., Rinaldo R., Di Prampero P.E., (2010), Energy cost and metabolic power in
elite soccer: a new match analysis approach, Med Sci Sports Exerc, 42(1): 170-178

Dellal A., Chamari C., Wong D.P., Ahmaidi S., Keller D., Barros M.L.R., Bisciotti G.N., Carling C., (2011a),
Comparison of physical and technical performance in European professional soccer match-play: The
FA Premier League and La Liga, Eur J Sport Sci, 11:51-59

D’Ottavio S., Ponzetti F., Briotti G., Tozzo N., (2011), Dall’analisi della gara all’elaborazione di un percorso di
allenamento per giocatori Under 15, Scienza&Sport, 10:32-36

Aslan A., Acgikada C., Giiveng A., Goéren H., Hazir T., Ozkara A., (2012), Metabolic demands of match
performance in young soccer players, J Sports Sci Med, 11:170-179

Casamichana D., Castellano J., (2010), Time-motion, heart rate, perceptual and motor behaviour demands in
small-sides soccer games: effects of pitch size, J Sports Sci, 28(14):1615-1623

Hill-Hass S.V., Coutts A.J., Dawson B.T., Rowsell G.J., (2010), Time-motion characteristics and physiological
responses of small-sided games in elite youth players: the influence of player number and rule changes,
J Strength Cond Res, 24(8):2149-2156

Dellal A., Lago-Penas C., Wong D.P., Chamari K., (2011b), Effect of the number of ball contacts within bouts of
4vs4 small-sided soccer games, Int J Sports Physiol Performance, 6:322-333

Dellal A., Hill-Hass S.V., Lago-Penas C., Chamari K., (2011c), Small-sided games in soccer: amateur vs
professional players' physiological responses, physical, and technical activities, J Strength Cond Res,
25(9):2371-2381

Dellal A., Jannault R., Lopez-Segovia M., Pialoux V., (2011d), Influence of the number of players in the heart
rate responses of youth soccer players within 2vs2, 3vs3 and 4vs4 small-sided games, J Human
Kinetics, 28:107-114

Fanchini M., Azzalin A., Castagna C., Schena F., Mccall A., Impellizzeri F.M., (2011), Effect of bout duration
on exercise intensity and technical performance of small-sided games in soccer, J Strength Cond Res,
25(2):453-458

Abrantes C.I., Nunes M.I., Magds V.M., Leite N.M., Sampaio J.E., (2012), 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, J Strength Cond Res, 26(4):976-981

Bekris E., Mylonis E., Sarakinos A., Gissis I., Anagnostakos K., Kombodieta N., (2012), Supernumerary in
small sided games 3vs3 & 4vs4, J Phys Education Sport, 12(3):398-406

Brandes M., Heitmann A., Miiller L., (2012), Physical responses of different small-sided game formats in elite
youth soccer players, J Strength Cond Res, 26(5):1353-1360

Kokli Y., (2012), A comparison of physiological responses to various intermittent and continuous small-sided
games in young soccer players, J Human Kinetics, 31:89-96

Manolopoulos E., Kalapotharakos V.I., Ziogas G., Mitrotasios M., Spaneas K.S., Tokmakidis S.P., (2012), Heart
rate responses during small-sided soccer games, J Sports Med Doping Stud, 2(2):1-4

Casamichana D., Castellano J., Dellal A., (2013), Influence of different training regimes on physical and
physiological demands during small-sided soccer games: continuous vs intermittent format, J Strength
Cond Res, 27(3):690-697

Castellano J., Casamichana D., Dellal A., (2013), Influence of game format and number of players on heart rate
responses and physical demands in small-sided soccer games, J Strength Cond Res, 27(5):1295-1303

Kokli Y., Sert O., Alemdaroglu U., Arslan Y., (2015), Comparison of the physiological responses and time
motion characteristics of young soccer players in small sided games: the effect of goalkeeper, J Strength
Cond Res, 29(4):964-971

Hill-Hass S.V., Coutts A., Rowsell G., Dawson B., (2008), Variability of acute physiological responses and
performance profiles of youth soccer players in small-sided games, J Sci Med Sport, 11(5):487-490

Rampinini E., Impellizzeri F.M., Castagna C., Abt G.A., Chamari K., Sassi A., Marcora M., (2007b), Factors
influencing physiological responses to small-sided soccer games, J Sports Sci, 25(6):659-666

Capranica L., Tessitore A., Giudetti L., Figura F., (2001), Heart rate and match analysis in pre-pubescent soccer
players, J Sports Sci, 19:379-384

K&klii Y., Asci A., Kogak F.U, Alemdaroglu U., Diindar U., (2011), Comparison of the physiological responses
to different small-sided games in elite young soccer players, J Strength Cond Res, 25(6):1522-1528

1126

JPES®  www.efsupit.ro



SANNICANDRO, I.; COFANO, G.; ROSA, A.R.

K&klii Y., Ersdz G., Alemdaroglu U., Asci A., Ozkan A., (2012), Physiological responses and time-motion
characteristics of 4-a-side small-sided game in young soccer players: the influence of different team
formation methods, J Strength Cond Res, 26(11):3118-3123

Aguiar M.V.D., Botelho G.M.A., Gongalves B.S.V., Sampaio J.E., (2013), Physiological responses and activity
profiles of football small-sided games, J Strength Cond Res, 27(5):1287-1294

Psotta R., Bunc V., (2009), Heart rate response and game-related activity of younger school-age boys in different
format of soccer game, Ovidius University Annals, Series Physical Education and Sport/Science,
Movement and Health, 9(1):69-73

Bangsbo J., (1994b), Fitness Training in Football - a Scientific Approach, August Krogh Institute, University of
Copenhagen, Denmark

Reilly T., (2007), The Science of Training - Soccer, Routledge, London

Sliwowski R., Rychlewski T., Laurentowska M., Michalak E., Andrzejewski M., Wieczorek A., Jadczak L.,
(2011), Changes in aerobic performance in young football players in an annual training cycle, Bio/
Sport, 28:55-62

Leger L., Boucher R., (1980), An indirect continuos running multistage field test: Thr Université de Montreal
track test, Canadian J App! Sport Sci, 5:77-84

Platt D., Maxwell A., Horn R., Williams M., Reilly T., (2001), Physiological and technical analysis of 3v3 and
5v5 youth football matches, Insight; 4:23-25

Aroso J., Rebelo A., Gomes-Pereira J., (2004), Physiological impact of selected game-related exercises, J Sports
Sci, 22(6):522 (abstract)

Katis A., Kellis E., (2009), Effects of small-sided games on physical conditioning and performance in young
soccer players, J Sports Sci Med, 8:374-380

Mallo J., Navarro E., (2008), Physical load imposed on soccer players during small-sided training games, J
Sports Med Phys Fit, 48(2):166-172

Owen A., Twist C, Ford P., (2004), Small-sided games: The physiological and technical effect of altering pitch
size and player numbers, Insight, 7:50-53

Sampaio J., Garcia G., Macas V., et al., (2007), Heart rate and perceptual responses to 2x2 and 3x3 small-sided
youth soccer games, J Sports Sci Med, 6 suppl, 10:121-122

Short K.R., Sedlock D.A., (1997), Excess post exercise oxygen consumption and recovery rate in trained and
untrained subjects, J App! Physiol, 83:153-159

Borresen J., Lambert M.I., (2007), Changes in heart rate recovery in response to acute changes in training load,
Eur J Appl Physiol, 101:503-511

Borresen J., Lambert M.1., (2008), Autonomic control of heart rate during and after exercise: measurements and
implications for monitoring training status, Sports Med, 38:233-246

Ostojic S.M., Stojanovic M., Calleja-Gonzalez J., Jourkesh M., Idrizovic K., (2014), Ultra short-term heart rate
after exercise: new tool to monitor recovery in athletes?, Med Sport, 67:109-117

Darr K.C., Bassett D.R., Morgan B.J., Thomas D.P., (1988), Effects of age and training status on heart rate
recovery after peak exercise, Am J Physiol, 254:H340-343

1127

JPES®  www.efsupit.ro



