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Abstract: This study sought to examine the variations of internal and external load measures in soccer
players when performing different types of 4 vs. 4 small-sided games (SSGs). Ten U-23 professional and
sub-elite soccer players, eight outfield players (age: 20.1 ± 1.5 years old; height: 1.83 ± 0.04 m; total
body mass: 76.1 ± 3.6 kg) and two goalkeepers (GK) (age: 20.5 ± 2.1 years old; height: 1.91 ± 0.04 m;
total body mass: 77.0 ± 1.4 kg) participated in the study. Five SSGs were performed with 3 min duration
and 3 min rest interval. SSG1, SSG2 and SSG4 aimed for ball possession play, while in SSG3 and SSG5,
two GK were added, defending regular-size goals. The pitch size changed from SSG1 (16 × 24 m) to
SSG2 and SSG3 (both 20 × 30 m) and SSG4 and SSG5 (both 24 × 36 m). All players were monitored
using WIMU Pro device during the tasks. Anova One-Way and the post hoc Tukey honestly significant
difference were used for analysis of statistically significant differences (p < 0.05) and effect sizes were
determined by calculating partial eta-squared. The framework was associated with relevant but steady
state internal load fatigue and induce a considerable external load stimulus. GK participation in SSGs
should be carefully considered as it seems to have a greater impact on physical load measures when
compared to the pitch size manipulation.

Keywords: soccer; small-sided games; goalkeeper; pitch size; training load

1. Introduction

Today’s sporting demands are higher than in the past, while the available time and
conditions for training sessions are not always desirable for coaches, always looking for
strategies to develop athletes’ physical and tactical skills and improve the performance in
the competitive moment. The management and monitoring of players’ training load is vital
to team success, especially in soccer, which is a high-intensity sport of intermittent bouts
of activity, implying a substantial demand on the aerobic system [1]. Therefore, aerobic
profiles are strongly related to performance-orientated outcomes [2].
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Conventional endurance training, such as steady-state or extensive interval training,
has traditionally been part of soccer coaches’ aerobic training programs as it can enhance
endurance capabilities [3]. Furthermore, athlete specific physical fitness, among which
agility, speed or strength, have justified specific approaches and detailed analysis in scien-
tific research [4]. Nevertheless, versions of the game may emerge from the interaction of
different task manipulations and, if properly designed, new game forms may contribute
to a higher and adjusted exertion level of the players [5]. Among these, the develop-
ment of tactical and technical skills and, possibly, physiological/physical capacities [6],
which are relevant since this sport requires an efficient collective organization and, si-
multaneously, specific development of each player, considering the individual and group
framework/perspectives [7].

Small-sided games (SSGs) combine physical, technical, and tactical components, and
have been recommended for performance enhancements [8]. Recently, the effects of SSGs
were summarized across sixteen studies drawn from multiple sports and population
types [5]. The authors concluded that SSGs were more effective for the development of
skill and endurance than traditional conditioning or training. Even recreational soccer or-
ganized as SSG was recently indicated as an intense activity involving endurance, strength,
aerobic, and anaerobic high-intensity interval training (HIIT) elements [9], highlighting
the complexity of soccer dynamics expressed in collective and individual actions to be
performed by the players [10].

SSGs are currently one of the most common practices used by coaches in their daily
work, in order to develop technical and tactical skills, as well as the endurance capacity
of their players [11]. The most common analyzed responses are physiological (heart rate,
blood lactate), physical (distances, speeds, time), perceptual and technical [12]. Although
the most examined variables are the pitch size, player number and the multiple combi-
nations of them [13], other aspects have received attention in research such as inclusion
of goalkeepers (GK) [14]. However, the shortage of studies using different intermittent
regimens of SSGs and its consequences on training load [15,16] do not provide coaches
with clear guidelines to understand the real impact of different regimens, in terms of the
overall stimulus per set and the possible drop in performance throughout the task.

With regard to the types of scoring in SSGs, it was previously found that the stop-ball
SSG (in a 1 m wide zone behind the end line) induced higher heart rate (HR) values than
the small-goal SSG (score in small goals placed at the center of the end line) when using
three pitch dimensions (10 × 15 m, 15 × 20 m, and 20 × 25 m) and within three game
formats (2 vs. 2; 3 vs. 3 and 4 vs. 4 players) [17,18]. Although smaller game formats seem
to promote a higher exercise intensity and number of decelerations actions in professional
soccer players [19], it was reported that both 4 vs. 4 SSGs and 15sec–15sec HIIT sessions
induced similar physiological responses. However, HIIT produced a mood disturbance,
while SSG ensured mood balance [20].

Furthermore, the majority of SSGs studies were conducted with youth or non- pro-
fessional soccer players. Studies conducted at a professional and elite or sub-elite level
are scarce, largely due to a high-density weekly training schedule, regular trips/journeys
between competitions and throughout the season to a high-density competitive calendar.
Nevertheless, it is very important to study the internal and external training load of SSGs
at this competitive level, aiming to improve the training prescription, but also the under-
standing of specificity of the response on different training formats and SSGs conditions.
Considering these reasons, the purpose of this study was to evaluate the variations of
internal and external load between different SSGs 4 vs. 4 formats in professional and
sub-elite under-23 (U-23) soccer players.

2. Materials and Methods
2.1. Participants

Ten professional and sub-elite soccer players from the same team, eight outfield players
(age: 20.1 ± 1.5 years old; height: 1.83 ± 0.04 m; total body mass: 76.1 ± 3.6 kg; body
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fat: 10.1 ± 2.2 % and experience: 13.3 ± 1.5 years) and two GK (age: 20.5 ± 2.1 years old;
height: 1.91 ± 0.04 m; total body mass: 77.0 ± 1.4 kg; body fat: 9.7 ± 1.2 % and experience:
13.5 ± 0.7 years) participated in the study. All players integrated a Portuguese soccer club with
honors and credits at both national and international levels, evident by the number of youth
players selected to the national teams over the years. Subjects were members of the U-23 club
squad, playing in the national league, which provides a highly competitive environment and a
pathway for players to reach the first team and national teams. It is important to point out that
most of the participants in this study were national team players for their respective countries
in this age group. On average, the players practiced 10–11 months per year with 5–6 weekly
training sessions plus one match per week by the time of the data collection (in some periods
of the competitive calendar, participants had two matches per week). The majority of the
players trained regularly with the club first team based on temporary requests but also from
a learning experience perspective. The inclusion criteria for the players participating in the
SSGs were: (1) players without injuries in the last two months; (2) players participation in all
training sessions in the last six weeks prior to data collection; and (3) players participation in
the total playing time in the last month of competition prior to data collection. Our study was
conducted in accordance with the international ethical standards for sport and exercise science
research [21] and in accordance with the Declaration of Helsinki. This study was submitted
to the Ethical Committee of São Paulo State University (UNESP), which was registered and
approved under (CAAE: 02523412.4.0000.5398, final report nº: 237.707). Informed consents
were obtained from soccer players participating in the study.

2.2. Study Design

Five SSGs were performed with different conditions. The research was conducted
near the end of the 2018–2019 competitive season. The training session took place in May,
started at 10:00 and lasted approximately 1 h. The tasks were performed on natural grass
floor (in very good condition). Twenty-four hours prior to the experimental session, the
players were instructed to maintain their usual habits, which included 8 h of sleep the night
before the data collection session and to maintain the nutritional routine. The training
session started with a 25 min standardized warm-up, consisting of 5 min of slow jogging,
and strolling locomotion followed by 12 min of specific soccer drills and finishing with
3 min of progressive sprints and accelerations. Agility and speed drills were also conducted
and 5 min of a ball possession game within a space of 20 × 20 m concluded the warm-up.

Players were randomly assigned to the playing teams, with no specific tactical mis-
sions. Game format was characterized as possession play (SSG-P, specifically SSG1, SSG2
and SSG4) and game with regular goals and GK participation (SSG-G, specifically, SSG3
and SSG5). Since communication is a relevant element in the coach–athlete relationship [22],
during all the SSGs, coaches provided some feedback aiming to encourage the players.
Colleagues and coaches were around the pitch with soccer balls in their hands to quickly
replace the ball every time it left the pitch size during all the SSGs. Throughout the recovery
time periods in the SSGs, players could rehydrate. Table 1 presents the SSGs’ conditions.

Table 1. Small-sided games performed with different conditions.

Tasks Format Space (m) Duration (min) Pause (min)

SSG1 (SSG-P) 4 vs. 4 16 × 24 3 3
SSG2 (SSG-P) 4 vs. 4 20 × 30 3 3
SSG3 (SSG-G) GK + 4 vs. 4 + GK 20 × 30 3 3
SSG4 (SSG-P) 4 vs. 4 24 × 36 3 3
SSG5 (SSG-G) GK + 4 vs. 4 + GK 24 × 36 3 3

In SSG1, SSG2 and SSG4, the objective of the game was for the team to keep the ball
in their possession for as long as possible. On the other hand, in SSG3 and SSG5, the
main objective of the game was to score more goals than the opposing team. An SSG in
16 × 24 m with GK participation was not planned because SSG1 and SSG2 would take place
in a phase close to the warm-up, and an SSG in this pitch dimension with goal objective in
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regular-size goals defended by GK leads to players making several shots aiming to score,
which could increase the risk of injury. Figure 1 displays the performed SSGs.
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pitch is solely an example, red and green dots represent the goalkeepers.

2.3. Procedures

Soccer players carried global positioning system (GPS) devices (WIMU PROTM,
RealTrack System, Almería, Spain) operating at a sampling frequency of 10 Hz. The
technology used to collect the GPS data had been previously validated and was shown to
be reliable for monitoring soccer players [23]. Participants wore a fitted body vest, and
the GPS device was inserted in a purpose-built harness prior to the SSGs. Before being
placed on the players, the GPS devices were calibrated and synchronized following the
manufacturer’s recommendations. The procedure was as follows: (a) turn on the devices,
(b) wait approximately 30 s after turning them on, (c) press the button to start recording
once the device’s operating system is initialized and (d) analyze the data obtained from
the devices using SPROTM software (RealTrack Systems, Almería, Spain). SPROTM soft-
ware calculates the external load indicator used in our study. Player load is derived from
triaxial accelerometers (x, y and z), which are used to evaluate neuromuscular load in
different athletes.

PLn =

√
(xn − xn−1)

2 + (yn − yn−1)
2 + (zn − zn−1)

2

100

Accumulated PL =
m

∑
n=0

PLn × 0.01

2.4. Statistical Analysis

All the results are related with the outfield game players (total 8, 4 vs. 4 in all the
played SSGs). GK were not evaluated for the purpose of this study because they did not
participate in the same and regular physical training program of the outfield. The internal
and external load variables were characterized using descriptive analysis (mean and
standard deviation). The normality of the distributions was assessed with the Shapiro–Wilk
test. Parametric and nonparametric statistics were selected accordingly. We verified with
Anova One-Way and the post hoc Tukey honestly significant difference (HSD) analysis the
existence of statistically significant differences. Significance level was set at p < 0.05. Effect
sizes were determined by calculating partial eta-squared [24]. Effect sizes are considered as
small (η2

ρ < 0.06), moderate (0.06 > η2
ρ < 0.15) or large (η2

ρ ≥ 0.15) [25]. The data analysis
was carried out using the Statistical Package for Social Sciences (SPSS 25.0, SPSS. Inc.,
Chicago, IL, USA).

3. Results

The area of game per player, as well as the players performance in all played SSGs
regarding the total distance covered, maximum and mean HR (HRmax and HRmean) and
player load volume and intensity are depicted in Table 2.
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Table 2. Variations between internal and external load variables in different areas of game per player.

SSGs Area of Game Per
Player (m2)

Total Distance
Covered (m)

Max. Heart Rate
(bpm)

Mean Heart
Rate (bpm)

Player Load
(Volume)

Player
Load

(Intensity)

SSG1 48 369.4 ± 19.9 184.9 ± 5.3 169.9 ± 9.4 6.3 ± 0.4 2.0 ± 0.1
SSG2 75 384.4 ± 28.2 189.1 ± 3.0 176.7 ± 4.5 6.4 ± 0.7 2.1 ± 0.2
SSG3 60 322.7 ± 25.1 187.6 ± 4.4 174.9 ± 6.0 5.4 ± 0.3 1.7 ± 0.2
SSG4 108 410.8 ± 34.6 188.6 ± 4.9 176.9 ± 7.1 6.7 ± 0.8 2.0 ± 0.2
SSG5 86 350.2 ± 29.4 186.1 ± 4.7 175.6 ± 6.3 5.4 ± 0.4 1.7 ± 0.2

F - 9.131 0.967 1.134 7.130 4.449
P - 0.000 ** 0.440 0.359 0.000 * 0.006 *
η2

ρ - 0.549 0.114 0.131 0.487 0.373

Tukey HSD - 1 * 3 (0.04); 2 * 3 (0.04);
3 ** 4 (0.00); 4 ** 5 (0.00)

2 * 3 (0.02);
2 * 5 (0.02);
3 * 4 (0.04);
4 * 5 (0.02)

2 * 3 (0.04);
2 * 5 (0.04)

SSG1: 4 vs. 4, 16 × 24 m; SSG2: 4 vs. 4, 20 × 30 m; SSG3: GK + 4 vs. 4 + GK, 20 × 30 m; SSG4: 4 vs. 4, 24 × 36 m; SSG5: GK + 4 vs. 4 + GK,
24 × 36 m. All SSGs with 3 min duration and 3 min rest (ratio 1:1). Bpm represents beats per minute; Player load volume and intensity
associated with arbitrary unit (a.u.). ** Significant differences between SSGs (p < 0.01); * Significant differences between SSGs (p < 0.05).

The distance covered concomitantly increased with the increase in pitch size
(SSG-P = 16 × 24 m = 369.4 ± 19.9 m; 20 × 30 m = 384.4 ± 28.2 m; 24 × 36 m = 410.8
± 34.6 m/SSG-G = 16 × 24 m = 322.7 ± 25.1 m; 24 × 36 m = 350.2 ± 29.4 m), but significant
statistical differences were only observed when one of the played SSG involved the GK
participation. It was also clear that playing with the GK resulted in lower distances covered
by the outfield players (SSG3 < SSG2; p < 0.05/SSG5 < SSG4; p < 0.01). No significant
differences were observed throughout the SSGs in HRmax and HRmean. Nevertheless, in
HRmax and HRmean, the lower mean value was always observed in the first performed
SSGs (with the smaller area of game per player 16 × 24 m). It was also observed that GK
participation resulted in the decrease in both HRmax and HRmean comparatively to the
same pitch size but SSG-P, without goal objective. The lower values of PL volume and
intensity were observed in SSG3 and SSG5, the only two SSGs with GK participation. The
transition from SSG1 to SSG2 promoted the increase in PL volume and intensity, but with-
out significant differences, contrary to the decrease in PL volume between SSG2 and SSG3
and also between SSG4 and SSG5 (in both cases p < 0.05). When analyzing PL intensity,
SSG3 mean value was significantly lower compared to SSG2 (p < 0.05), and despite the
decrease from SSG4 to SSG5, the difference was not significant. Table 3 presents the results
related to the HR zones in different forms of SSGs.

Table 3. Heart rate percentage in different forms of small-sided games.

SSGs Relative Heart Rate (%)

(50;60)
Very Low

(60;70)
Low

(70;80)
Moderate

(80;90)
High

(90;95)
Very High

(>95)
Max.

SSG1 6.3 ± 4.8 6.0 ± 5.8 7.3 ± 4.7 49.0 ± 27.7 28.5 ± 30.0 2.8 ± 7.5
SSG2 0.8 ± 2.1 8.4 ± 4.8 7.6 ± 3.1 20.8 ± 10.7 54.1 ± 10.7 8.3 ± 14.2
SSG3 1.6 ± 3.0 6.0 ± 2.9 10.3 ± 6.8 34.6 ± 18.6 39.8 ± 19.8 7.8 ± 13.0
SSG4 1.6 ± 2.3 3.4 ± 2.9 6.0 ± 2.3 34.5 ± 26.4 47.0 ± 25.2 7.5 ± 9.2
SSG5 0 1.9 ± 3.8 8.3 ± 4.9 50.0 ± 30.7 37.9 ± 32.7 1.6 ± 4.0

F 4.738 2.370 0.734 1.637 0.968 0.590
P 0.004 ** 0.075 0.574 0.191 0.440 0.672

SSG1: 4 vs. 4, 16 × 24 m; SSG2: 4 vs. 4, 20 × 30 m; SSG3: GK + 4 vs. 4 + GK, 20 × 30 m; SSG4: 4 vs. 4,
24 × 36 m; SSG5: GK + 4 vs. 4 + GK, 24 × 36 m. All SSGs with 3 min duration and 3 min rest (ratio 1:1).
** Significant differences between SSGs (p < 0.01).

In the SSGs-P, the increase in pitch dimensions (from 16 × 24 m to 20 × 30 m; SSG1 to
SSG2) resulted in significant differences in very low HR50;60. No significant differences were
observed with the inclusion of GK considering the same pitch size (SSG2 to SSG3 and SSG4
to SSG5). It should be highlighted that in SSG5, the last to be performed, very low HR50–60
was not observed in the outfield players. In HR60;70 and HR> 95 the HR percentage values
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decreased from SSG2 to SSG5. In moderate, high, and very high HR no linear tendency or
significant differences were observed between the different SSGs. Nevertheless, the higher
mean values of HR percentage were observed in HR80;90 and HR90;95, in all cases above
20%, contrary to very low, low, moderate and HR>95, where the highest mean value was
10.3%. Table 4 presents the players speed in all the performed SSGs.

Table 4. Soccer players distance covered at different interval speeds in all the performed small-sided games.

SSGs
Absolute
Speed 0–6
(m/min)

Absolute
Speed 6–12

(m/min)

Absolute
Speed 12–18

(m/min)

Absolute
Speed 18–21

(m/min)

Absolute
Speed 21–24

(m/min)

Absolute
Speed 24–50

(m/min)

SSG1 104.7 ± 14.2 196.9 ± 29.2 65.4 ± 15.6 2.4 ± 2.5 0 0
SSG2 81.9 ± 29.2 205.9 ± 21.8 85.8 ± 28.9 2.3 ± 3.4 0 0
SSG3 114.3 ± 13.2 151.0 ± 32.8 40.7 ± 27.2 3.7 ± 2.5 1.2 ± 1.9 0
SSG4 82.40 ± 36.0 199.5 ± 31.5 96.3 ± 26.7 11.7 ± 11.2 6.4 ± 7.7 0.9 ± 1.6
SSG5 109.7 ± 14.7 91.7 ± 40.2 14.1 ± 8.0 4.0 ± 5.5 0.2 ± 0.5 0

F 2.734 14.861 13.926 2.639 3.676 2.236
P 0.047 * 0.000 * 0.000 * 0.053 0.015 * 0.089
η2

ρ 0.267 0.665 0.650 0.260 0.329 0.230

Tukey HSD

1 ** 5 (0.00);
2 * 3 (0.03);
2 ** 5 (0.00);
3 * 5 (0.02);
4 ** 5 (0.00)

1 * 5 (0.03);
2 ** 1 (0.01);
2 ** 5 (0.00);
3 ** 2 (0.01);
3 ** 4 (0.00);
4 ** 5 (0.00)

1 * 4 (0.03);
2 * 4 (0.03);
4 * 5 (0.04)

SSG1: 4 vs. 4, 16 × 24 m; SSG2: 4 vs. 4, 20 × 30 m; SSG3: GK + 4 vs. 4 + GK, 20 × 30 m; SSG4: 4 vs. 4, 24 × 36 m; SSG5: GK + 4 vs. 4 + GK,
24 × 36 m. All SSGs with 3 min duration and 3 min rest (ratio 1:1). ** Significant differences between SSGs (p < 0.01); * Significant differences
between SSGs (p < 0.05).

Several significant differences were observed in speed intervals. In the higher speeds
(24–50 km·h−1), small or null mean values of distance covered were observed. The same
was observed in 21–24 km·h−1 speed, with only some minor mean values of distance
covered in SSG4 (the higher in SSG-P played in 24 × 36 m, 6.4 ± 7.7 m/min), significantly
higher compared to SSG1, SSG2 (all SSGs-P with lower pitch size) and SSG5 (p < 0.05). In
18–21 km·h−1, the highest mean values of distance covered at this speed were also verified
in SSG4 but considering all the played SSGs the values were small.

We have noticed that the distance covered by the sub-elite soccer players occurred
predominantly at 0–6, 6–12 and 12–18 km·h−1 speed. The distance covered at 12–18 km·h−1

always increased in SSGs-P with pitch size increase, contrary to the transition between
SSGs with the same pitch size but GK participation and goal objective, where values
always significantly decreased (SSG5 < SSG4 and SSG3 < SSG2; p < 0.01 in both cases). The
higher mean values of distance covered were observed at 6–12 km·h−1, and as noted in
12–18 km·h−1, always decreased in the transition between SSG-P and SSG-G, but with very
close mean values in between SSGs-P (SSG1, SSG2 and SSG4), despite the increase in pitch
size. The distance covered at 0–6 km·h−1 presents close mean values, decreasing from SSG1
to SSG2 and, contrary to the speed above, also increased between SSG-P and SSG-G with
the same pitch size (SSG3 > SSG2 and SSG5 > SSG4). It is of note that the distance covered
always decreased throughout the sequence of SSG1, SSG2, SSG3 and SSG4 considering the
increase in running speed between 6 km·h−1 and 24–50 km·h−1 but in SSG5, this evidence
was observed from 0 km·h−1 up to 24–50 km·h−1. A common trend was observed regarding
distance covered at different running speeds, always increased in running speed intervals
between 6 and 50 km·h−1 between SSG3 and SSG4, decreasing afterwards from SSG4 to
SSG5, but this trend was only not observed in 0–6 km·h−1 running speed.

4. Discussion

The purpose of this study was to evaluate the variations of internal and external
load between different forms of SSGs in professional and sub-elite U-23 soccer players.
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This is one of the few studies conducted with international level players since these are
exposed to intense training and weighty competitive density. The major findings associated
with 5 SSGs performed with 3 min play and 3 min interval rest were: (i) Total distance
covered increases in SSGs-P played between 16 m and 36 m but always decreases with GK
participation in different SSG but with the same pitch size; (ii) HRmax and HRmean decrease
with GK participation but present steady state mean values throughout the SSG framework;
(iii) PL volume and intensity decreases and has the lowest values with GK participation,
namely in SSG3 and SSG5; (iv) The relative HR percentage in this soccer training task
is predominantly high (80; 90%) and very high (90; 95%), mean values increasing in
moderate and high relative HR with GK participation, contrarily to the decrease in very
high and max relative HR; (v) The five performed SSGs were predominantly associated with
distances covered at 0–6, 6–12 and 12–18 km·h−1 running speeds with distance covered
tendentially decreasing in every running speed interval with GK participation (exception
0.6 km·h−1) and globally the lower values in each running speed occurred in SSG5 (also
with the exception of 0.6 km·h−1) and (vi) The performance of five consecutive SSGs with
3 min play and 3 min rest interval with increasing pitch size (16 × 24 m SSG1 and SSG2;
20 × 30 m SSG3 and SSG4 and 24 × 36 m SSG5) and SSG1, SSG2 and SSG4 characterized
has ball possession game and SSG3 and SSG5 with goal objective and GK participation,
promote different internal and external load responses in sub-elite U-23 soccer players
which should be carefully monitored during daily training.

Previous research used the 5 vs. 5 plus GK format as a setting for assessing the physical
and physiological demands in ten young soccer players in four repetitions of 6 min in a
space of 100 m (SSG1) or 200 m (SSG2) and six repetitions of 4 min in 100 m (SSG3) or
200 m (SSG4), the authors suggested increasing pitch size to induce greater physical
demands and to use SSGs with smaller pitch size, and independently of the bout duration,
to induce neuromuscular fatigue [26]. Additionally, another study conducted with young
Italian soccer players, compared the effects of different types of SSGs (3 vs. 3, 4 vs. 4, and
5 vs. 5) with aerobic interval training. Apart from the time spent above 95% HRmax, the
results showed no differences in terms of intensity [27]. Differences in HR response between
game formats have also been found in a few studies on amateur [28] and professional
elite soccer players [29] and in general, HR increases with increasing area per player [11].
Additionally, the 3 vs. 3 format was previously tested in three regimens and found that long
sets (3 × 6 min/2 min rest) contributed to a drop in HR responses compared to medium
(3 × 4 min/2 min rest) and short sets (3 × 2 min/2 min rest), although, no significant
difference was observed for perceived effort or technical actions [15]. More recently, it was
observed in recreationally active male soccer players that HR was above 90% HRmax in 45%
of the total playing time (2 × 20 min SSG with, respectively, 80 and 60 m2 per player) [30].

In our study, HRmax and HRmean presented no significant differences in the outfield
players when all the five played SSGs were compared, the lower mean values were always
observed in the first SSG (pitch size 16 × 24 m) and both HRmax and HRmean always
increased comparing SSGs with the same pitch area but different objective (SSG-P or SSG-G).
When analyzing the relative HR, we could observe that the SSG training framework of
this study is physiological demanding, since the majority of HR% was high (80; 90%) and
very high (90; 95%) and in very high and maximal HR% the mean values even decreased
between SSG4 and SSG5. Another interesting finding was that in moderate and high HR%
the GK participation in SSGs was associated with an increase in mean values, contrary
to what occurred in very high and maximal HR%. This evidence revealed that five SSGs
with professional and sub-elite soccer players composed by 3 min performance and 3 min
rest interval is a task that is very relevant from the physiological perspective, but can
be accomplished with internal load steady state, aiming to develop the aerobic pathway.
Notably, in the lower HR zone percentages, the HR mean values tended to decrease or
stabilize from SSG1 to SSG5, which reveals a physiological adaptation to the tasks, a
condition that we attribute to the level of the soccer players, who are familiar with daily
routines of intense training and competition in a very demanding level.
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Previous studies showed that rule modifications could influence physical responses
during SSGs. For example, Köklü et al. [31] examined the physical responses of youth
players in three different SSG formats (2-a-side, 4-a-side, and 6-a-side) with a constant pitch
area and reported that SSGs rule modifications can affect physical responses. Additionally,
comparing the internal and external load variations between training regimens it was
observed that shorter sets elicited a lower HRmax, a shorter distance covered at low running
speed and contributed to an increase in the distances covered at both medium and high
speeds running. Additionally, a study was developed with elite soccer players (English
Premier League and UEFA Champions League level players), with different formats (SSG-P
and SSG-G), the same number of outfield soccer players (5 vs. 5/7 vs. 7/10 vs. 10) and
different pitch sizes (SSG-G 5 vs. 5 = 30 × 30 m/7 vs. 7 = 45 × 35 m/10 vs. 10 66 × 45 m
and SSG-P 5 vs. 5 = 27 × 27 m/7 vs. 7 = 37 × 37 m/10 vs. 10 52 × 52 m), each drill by this
sequence in a continuous regime and all variables were normalized by time (4 min) for
data analysis [32]. The main findings of this research were that the total distance, distances
run at high speed as well as absolute maximum velocity, accelerations and decelerations
increased with large pitch dimensions (10 vs. 10 > 7 vs. 7 > 5 vs. 5). Furthermore, the
total distance, very high and maximal speed distances, absolute velocity and absolute
maximum acceleration and deceleration were higher in SSG-G compared to SSG-P. The
authors explained their results by an increase in linear behaviors in games with a defined
offensive side (GK conditions).

In our study, total distance covered concomitantly increased with the rise in pitch
size independent of the condition (SSG-P or SSG-G), but significant statistical differences
were only observed in SSGs with GK participation, the distance covered in SSGs-G was
significantly lower compared to the same pitch dimension SSG-P. Comparing our results
with Gaudino et al. [32] we can speculate that the participation of GK and goal objective
is a main factor for significant differences in the performance of soccer players during
SSGs. This is supported in our study by the decreasing values in distance covered, HRmax,
HRmean, speed 6–12 and 12–18, PL volume and intensity between the SSGs with the same
pitch size, but different condition (ball possession or goal), findings that highlight that
manipulating the pitch size by itself may not be the best strategy for soccer coaches aiming
to modulate the exercise intensity. Regarding this topic, previous comparison between
4 vs. 4 and 6 vs. 6 SSG formats suggested that exercise intensity decreases as the pitch
size increases, and a similar suggestion has resulted from a comparison between 7 vs. 7
and 10 vs. 10 SSG formats [33]. Additionally, PL values observed in this study, which
are associated with the intensity of the game (namely accelerations and decelerations),
supported the suggestion that smaller formats seem better for increasing exercise intensity
and the number of accelerations and decelerations by soccer players [19], nonetheless, the
use of GK and goal objective seems to be a good strategy if the purpose is to decrease
the intensity during the SSG since often in SSGs these factors are not associated with
the necessity of very intense actions such as changes in direction, sprints, accelerations
and decelerations.

Furthermore, it has been suggested in the literature that fatigue mechanisms affect
decision-making skills [34] and the higher physiological strain typically observed in SSGs
on larger pitches is likely to be due to the possibility of making longer offensive and
defensive runs [35]. This methodology could add to a congested training schedule, causing
excessive physical stress which, in turn, can result in burnout and/or injury in players [36].
Addressing this topic, Clemente et al. [37] stressed that the 3 vs. 3 format is perhaps less
structured than the 6 vs. 6 format in terms of the tactical approach to the match, allowing
each player to assume more than only one role (e.g., defender or attacker) and to participate
in all moments of the match. This indication was in line with previous findings that
revealed a tendency of players to be more conservative in the 6 vs. 6 and aggressive in the
3 vs. 3 format, probably based on the space management and the fewer interactions
between teammates [38]. In a comparative study of two intermittent regimens (4 vs. 4 min
and 2 vs. 8 min), it was found that both the first four-minute periods of exertion had greater
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values of total distance [39], thus suggesting that the time of recovery was not enough
to enable players to achieve similar levels as they did in the absence of fatigue. In the
4 vs. 4 format tested by Dellal et al. [40] a progressive decrease in total distance was found
from the first to the fourth set (4 × 4 min with 3 min passive recovery, 30 × 20 m, SSG-P
with the help of four support players—out of the playing area and not allowed to perform
more than 1 touch for each involvement), and was justified by the possible accumulation
of potassium in the muscle interstitium and the subsequent depolarization of the muscle
membrane potential, which reduced the force development during these intensity drills [3].

Our results indicate that in sub-elite U-23 soccer players, the 3 min exercise with
3 min time recovery provides the possibility of balance in fatigue throughout the SSGs,
since contrary to the study of Dellal et al. [40], also with international soccer players, in our
study, the distance covered always increased from SSG1 to SSG4, except when involving
GK participation. We should, however, underline that based on our study results and
comparing with previous studies, fatigue accumulation and significant influence in internal
and external training load seem to be related to more than one stimulus strategy, the time
of practice vs. rest interval time, pitch size and also GK participation. It was previously
indicated that it is likely that SSGs are associated with the limitation of producing high-
speed activities [41], because they are played on smaller pitch areas where the players
do not have enough space to reach their maximal sprinting speed [42,43]. Our results
support this hypothesis since the five performed SSGs were predominantly associated
with distances covered at 0–6, 6–12 and 12–18 km·h−1 running speeds, when compared to
18–21 km·h−1, and fundamentally 21–24 km·h−1 and 24–50 km·h−1. The large number of
significant changes throughout the SSGs in running speed, as well as distance covered and
PL, were more evident when compared to HR, which means that external load changes
differ comparatively to internal load in sub-elite soccer players. Our results revealed
that the main factor for change in distance covered at different interval running speeds
was the GK participation, namely in 6–12 km·h−1 and 12–18 km·h−1, since no significant
changes were associated only to SSGs-P in different pitch dimensions, except with speed
12–18 km·h−1 and the increase in pitch size from SSG1 to SSG2 (respectively, 16 × 24 m
and 20 × 30 m). Interestingly, in 18–21 km·h−1 and 21–24 km·h−1, the SSG-P played in
24 × 36 m without GK participation induced significantly higher running speeds compared
to 16 × 24 m and 20 × 30 m pitch sizes, which supports the notion that small pitch sizes are
a limitation for the occurrence of higher speeds. It is also noteworthy that distance covered
tendentially decreased in every running speed interval with GK participation (except
0.6 km·h−1) and globally presenting the lower values in each running speed in SSG5
(also with the exception of 0.6 km·h−1), findings that highlight the need for a careful SSG
training monitorization.

Some limitations should be considered when interpreting the findings of this study:
(a) Participants were national and international-level male soccer players and played
in teams with a specific playing system, which is related to the possibility that the re-
sults cannot be directly applied to other age categories and athletes of other levels and;
(b) The research was conducted near the end of the competitive season (May); consequently,
the protocol and results should not be applicable in other moments such as pre-season.
Future studies could investigate SSGs constrains as for example the inclusion of more
than two goals with and without goalkeepers, other pitch sizes, time of play and interval
rest. It would also be interesting to analyze internal and external training load in other
age-categories and in women’s soccer, comparing with technical/tactical analysis. The
GK evaluation should also be consider in future studies since it plays a key role in the
soccer game.

5. Conclusions

This study suggests some practical implications for coaches, working with professional
and sub-elite soccer players. Firstly, SSGs performed with professional and sub-elite soccer
players composed by 3 min play and 3 min of interval rest periods represents an SSG
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training framework with relevant but steady state internal load fatigue and induce a
considerable external load stimulus in pitch sizes between 16 m and 36 m. Secondly,
GK participation in SSGs should be carefully considered since it seems to have greater
influence on the dynamics of the SSG compared to pitch size manipulation. Thirdly,
our results recommend that smaller formats seem to promote higher exercise intensity
but may be a limitation for the occurrence of higher running speeds, so it would be
recommended to increase pitch size if coaches want to design tasks with greater focus
on speed. These conclusions may contribute for soccer coaches’ knowledge regarding
the physical load measures during SSGs in sub-elite professional soccer players, which
can result in the improvement of daily training workouts and, therefore, in players’ and
team’s performance enhancement, since coaches play a key role in designing training
sessions [44]. Finally, soccer coaches should consider that training monitorization as of
crucial importance to understand the different internal and external load imposed in SSGs
in sub-elite soccer players, which during periods of higher training and competitive load
should be individually balanced. A detailed analysis of these soccer games is pivotal to an
in-depth understanding of the workload imposed on each player aiming the prescription
of an adequate type and amount of stimulus during soccer exercise training.

Author Contributions: Conceptualization, F.J.S. and M.C.E.; methodology, F.J.S., M.C.E. and C.C.F.;
formal analysis, F.J.S., M.C.E. and T.P.F.; investigation, F.J.S., M.C.E., C.C.F. and T.P.F.; supervision,
F.J.S. and M.C.E.; data curation, F.J.S. and M.C.E.; writing—original draft preparation, M.C.E.,
D.M.P.F., C.E.L.V., M.G.d.M., A.G.M. and R.P.B.; writing—review and editing, C.C.F., T.P.F., D.M.P.F.,
C.E.L.V., M.G.d.M., A.G.M. and R.P.B.; Visualization, F.J.S., M.C.E., D.M.P.F., C.E.L.V., M.G.d.M.,
A.G.M., T.P.F., C.C.F. and R.P.B.; funding acquisition, F.J.S., T.P.F., C.E.L.V. and M.G.d.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by Foundation for Science and Technology, I.P., Grant/Award
Number UIDB/04748/2020. T.P.F. acknowledges the financial support from Polytechnic Institute of
Setúbal, and C.E.L.V. and M.G.d.M. the financial support from São Paulo State University (UNESP).
A.G.M. acknowledges the fellowship from Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior—Brazil (CAPES—Finance Code 001).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and submitted to the Ethical Committee of São Paulo State University (UNESP),
which was registered and approved under (CAAE: 02523412.4.0000.5398, final report n◦: 237.707).

Informed Consent Statement: Informed consent was obtained from all subjects, or their par-
ents/guardians (when appropriate) involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding and last authors (mario.espada@ese.ips.pt and fernando.santos@ese.ips.pt), upon
reasonable request.

Acknowledgments: We would like to express our gratitude to the soccer players and coaches for
their time and effort and the soccer team for making both their infrastructures and staff available for
the study. The authors C.E.L.V., M.G.d.M and D.M.P.F. would like to thank PROPG-UNESP for the
support from “Process 05/2021”.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bangsbo, J. The physiology of soccer: With special reference to intense intermittent exercise. Acta Physiol. Scand. 1994, 619, 1–155.

[CrossRef]
2. Chamari, K.; Hachana, Y.; Kaouech, F.; Jeddi, R.; Moussa-Chamari, I.; Wisløff, U. Endurance training and testing with the ball in

young elite soccer players. Br. J. Sports Med. 2005, 39, 24–28. [CrossRef]
3. Iaia, M.F.; Rampinini, E.; Bangsbo, J. High-intensity training in football. Int. J. Sports Physiol. Perform. 2009, 4, 291–306. [CrossRef]

[PubMed]
4. Aurélio, J.; Dias, E.; Soares, T.; Espada, M.; Jorge, G.; Pessôa Filho, D.; Pereira, A.; Figueiredo, T. Relationship between body

composition, anthropometry and physical fitness in under-12 soccer players of different positions. Int. J. Sports Sci. 2016, 6, 25–30.
[CrossRef]

http://doi.org/10.1080/02640410500482529
http://doi.org/10.1136/bjsm.2003.009985
http://doi.org/10.1123/ijspp.4.3.291
http://www.ncbi.nlm.nih.gov/pubmed/19953818
http://doi.org/10.5923/s.sports.201601.05


Appl. Sci. 2021, 11, 8024 11 of 12

5. Hammami, A.; Gabbett, T.J.; Slimani, M.; Bouhlel, E. Does small-sided games training improve physical fitness and team-
sport-specific skills? A systematic review and meta-analysis. J. Sports Med. Phys. Fitness. 2018, 58, 1446–1455. [CrossRef]
[PubMed]

6. Clemente, F.M. Small-Sided and Conditioned Games in Soccer Training: The Science and Practical Applications; Springer: Singapore, 2016; p. 6.
7. Espada, M.; Fernandes, C.; Martins, C.; Leitão, H.; Figueiredo, T.; Santos, F. Goal characterization after ball recovery in players of

both genders of first league soccer teams in Portugal. Hum. Mov. 2018, 19, 73–81. [CrossRef]
8. Dellal, A.; Owen, A.; Wong, D.P.; Krustrup, P.; van Exsel, M.; Mallo, J. Technical and physical demands of small vs. large sided

games in relation to playing position in elite soccer. Hum. Mov. Sci. 2012, 31, 957–969. [CrossRef]
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