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Abstract: To determine the effect of small-sided games (SSG) on the repeated sprint ability (RSA) in male soccer
players. A meta-analysis was conducted in which studies were selected from the electronic databases Medline,
SPORTDiscus, Google Scholar, and PubMed. Results: Six studies were included and 44 effect sizes (ES) were
computed from 116 men (age = 18.0 £ 2.8 yr., height = 175.8 + 3.3 cm, weight = 68.6 + 5.6 kg, body mass
index [BMI] = 22.3 = 1.1 kg-m?, VO2max = 56.9 = 2.1 ml-kg*-min). The SSG training improved the overall RSA
performance (ES = -.54, 95%CI = -.89, -.20, p < .05), reduced RSA total time (ES = -.41, 95%CI = -.81, -.01, p <
.05), and fatigue index (ES = -.83, 95%CI = -1.65, -.02, p < 0.05). Moderator analysis showed that the fatigue
index is impaired when several sessions/week are performed (B = .69, 95%CI = .29, 1.10, R? = 82.9, p = .001)
and is enhanced when the duration of the intervention is extended over several weeks (B = -.25, 95%CI = -.47, -
.03, R? = 56.6, p = .05). The methodological use of SSG enhances the capacity of repeated sprints, while technical
and tactical elements are worked concomitantly.
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The professional experience as head performance In team sports, athletes must repeatedly
specialist has led him to become champion with  perform maximal efforts combined with short recovery
football teams of the professional league in Costa Rica intervals (i.e., moderate or low-intensity activity, or

in several ions. L
Several occasions even complete rest) [1, 2]. In football association
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State University, in Ohio, USA. He  naq0 ctivities are often carried out at decisive
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must be attentive to develop their fitness during the
training sessions.

The basic movement pattern in soccer requires
the development of explosive strength and power; and
successive actions during the game will cause a
performance decrease as a result of transient fatigue
[1]. This capacity to repeat efforts of high-intensity and
short-duration after brief recovery periods has been
called the repeated sprint ability (RSA) [2-5]. In soccer,
the RSA is a good predictor of physical performance in
highly trained professional players [4, 6]. Training that
includes RSA increases maximal oxygen consumption
(VOz2max), recovery capacity, strength, and speed [3,
7, 8]. Therefore, it is inferred that the soccer player
who possesses an adequate RSA can produce high
muscular power during the first sprint and can repeat
this effort on successive occasions with the least
possible loss of performance.

The optimal design and implementation of
training strategies aimed at improving the RSA are of
great interest to soccer coaches and players, and like
any other physical capacity that can be developed
through different methodologies, it is essential that it is
governed by the principle of specificity because other
important components of soccer are often neglected,
such as technical and tactical skills, perception skills,
visual scanning and decision making. In this context,
small-sided games (SSG) have attracted the attention
of soccer coaches due to the physiological demands it
imposes, due to the effects on physical development
[9, 10]. The SSG also simulates specific soccer
movement patterns and force players to improve their
technical profiles [9, 11].

The SSGs are defined as training tasks whose
structure is similar to that of a real game since they
are carried out in small areas of the field with adapted
rules and a reduced number of players compared to
official games [1]. To design SSGs, a large number of
variables have been studied that can be manipulated to
prescribe different work sessions and influence the
intensity of the game. These variables include the
relative area per player [12], field size [12, 13], field
orientation [13], number of players [14, 15], tactical
behavior [16], the work-to-rest ratio [13, 17], specific
goals, and the end of the play or ball possession [16,
17]. Rules modifications [18], playing with or without a
goalkeeper [19], the presence of “wildcard” players
[10, 20], and the coach’s feedback [1, 7, 19], are
among other variables commonly reported. The vast
majority of these studies have described the acute or
immediate effect of SSGs.

In experimental studies, positive outcomes have
been reported when using SSG as an intervention for
the development of physical qualities [1, 18, 20]. For
example, Bujalance-Moreno, Garcia-Pinillos  [1],
conducted a six-week training program with
recreational soccer players to determine the effects on
RSA. The participants were randomly assigned to a
control group, which performed activities consisting of
technical-tactical actions and prevention exercises, and
an experimental group, which trained on two SSG
formats (2 vs. 2 players, 4 vs. 4 players). The results
showed that the group that performed SSG improved
the RSA.

The RSA is assessed by four components that
map an athlete’s functional capacity: a) best time, b)
total time (i.e., the sum of times), c) fatigue index, and
d) average of sprints. The best time is the shortest
time achieved in the sprints carried out. The total time
refers to the sum of all the times recorded during the
completion of the test. This is the overall result of the
test and can be considered as an indicator of the ability
to perform intermittent maximum intensity exercise.
The fatigue index is calculated in different ways [21,
22] and is intended to provide information related to
the percentage loss or decrease in performance during
the execution of repeated sprints. Although the
reliability of the index has been questioned [22], this
measure represents the degree of fatigue and the
individual soccer player's ability to recover fast. Among
the fatigue indices described in the literature is the
Bangsbo [23] index, which consists of obtaining the
difference between the worst and the best time. The
Wragg, Maxwell [24] index is the difference between
the mean of the two worst and the two best times.
However, the most frequently used index in RSA
studies is that of Fitzsimons, Dawson [25], since it
provides information about how the performance
decrease occurs throughout the test. The last variable
usually considered for analysis is the sprint average,
which is the mean of the summation of all times.

Safania, Alizadeh [18], studied amateur soccer
level players participating in SSG training and found that
activities such as 2 vs. 2, 3 vs. 3, and 4 vs. 4 players
increased significantly the VO2max, maximum power,
and RSA as measured by the fatigue index. Similarly, a
study by Eniseler, Sahan [26] on junior category
players, compared SSG (3 vs. 3 players without a
goalkeeper, area = 18 x 30 m, 4 x 3 min) to a repeated
sprint training program. Players in both groups
improved the RSA fatigue index, although the highest
scores were obtained in the SSG group.
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Therefore, this method is recommended not
only because it seems to be more effective, but also
because it is based on technical aspects of soccer.
Based on this context, this study aimed to meta-
analyze the effect of SSG on the ability to perform RSA
in soccer players and to identify variables that
potentially moderate this effect.

2. Methodology
2.1 Overview

This study followed the methodologies to
complete a systematic review and meta-analysis
suggested by the Preferred Reporting Items for
Systemic Reviews and Meta-analyses (PRISMA) [27].

2.2 Eligibility criteria

Studies that met the following criteria were
included: a) amateur or elite level male soccer players,
b) age = 14 yr., c) different types of SSG interventions,
d) RSA pre-to post-test comparison, €) experimental or
quasi-experimental design, f) intervention > 4 weeks,
g) reported the mean, standard deviation (SD) and
sample size per group, h) articles published in English
no more than 10 years old, and h) a score > 6 as the
criterion for studies with low risk of bias based on the
Physiotherapy Evidence Database (PEDro) Scale [28].
search

2.3 Information and

strategy

sources

The systematic search strategy for the articles
was carried out between the months of September and
November 2019 in the MEDLINE, SPORTDiscus, Google
Scholar, and PubMed electronic databases. The
following keywords were used, either by a single word
or in a Boolean combination: RSA or repeated-sprint
training or high-intensity training, small-sided games,
and soccer.

2.4 Study records and selection

All studies to potentially be screened were
imported into Zotero software (Corporation for Digital
Scholarship, VA). One author then removed duplicates
both electronically and manually. Then, the authors
selected all studies and the full report for each article
was obtained for all titles and abstracts that appeared
to meet the inclusion criteria. Reasons for exclusion
were coded as one of the following: 1) duplicates, 2)
missing or incomplete descriptive statistics, 3)
inappropriate research design, 4) language different to
English, and 5) abstracts. Based on the final number of

studies to be included, the overall precision of the
searches was calculated by dividing the number of
studies included by the total number of studies
screened after removing duplicates, and then the
number needed to read (NNR) was computed as the
inverse of the precision [29].

2.5 Data abstraction

Titles and/or abstracts of studies retrieved
using the search strategy, and those from additional
sources were screened to identify studies that
potentially meet the inclusion criteria outlined above.
The full text of these potentially eligible studies were
retrieved and assessed for eligibility, and the data were
exported to a standardized, pre-piloted Excel (Microsoft
Corporation, Redmond, WA) spreadsheet used to
extract data from the included studies for assessment
of study quality and evidence synthesis.

If available, the extracted information
included: a) participant characteristics (e.g., age, body
height, body weight, body mass index [BMI], VO2max,
b) study design: experimental group or “traditional”
training group (any activity or exercise that does not
include SSG, whether it was continuous running,
technical-tactical work, preventive work), ¢) number
sessions (per week, total number of sessions during
the intervention), d) load dosage (working time per
session, working time per week, total time during the
intervention), e) dimensions of the area (field width,
field length, ratio of m? per player within the reduced
space), and f) the primary outcome RSA (best time,
average, fatigue index, total time). As there are SSG
structured with many variants (e.g., distance, number
of players, series, repetitions, time, and space), each
of the variables was averaged. Missing data were
requested from study authors.

2.6 Risk of bias assessment in individual
studies

The PEDro scale [28] was used to assess the
risk of bias and the methodological quality of eligible
studies included in the meta-analysis. This scale
assesses the internal validity of the study on a scale
from 0 (high risk of bias) to 10 (low risk of bias). In
this study selection process, data were extracted by
one person (PM), using a data coding sheet, which was
reviewed by another person (JM). Disagreements were
resolved through discussion between the two
researchers.
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2.7 Data synthesis and calculation of effect
sizes

The effect size (ES) was calculated as the
difference between means according to the
methodology proposed by Borenstein, Hedges [30].
For the calculation, the initial score (pre-test) of the
RSA was compared with the final score (post-test)
after the SSG intervention took place. For
interpretation purposes, an ES with a negative sign in
the RSA components means an improvement
depending on the treatment since it is measured by
time, and the longer it is, the worse the performance.
The ESs were interpreted as trivial (0-.19), small (.20-
.49), moderate (.50-.79), and large (= .80) [31]. The
ES represents the magnitude of the effect of SSG on
RSA and an individual ES was calculated at the intra-
group level (difference from pre-test to post-test in
each group). Once the individual ES had been
calculated, the global ES and the 95% confidence
interval (95% CI) were computed. For the analysis, the
random effects model was used, which assumes that
ESs vary between studies [30, 32].

2.8 Meta-biases

The small-study effects (i.e., publication bias)
were assessed following current recommendations [33,
34]. The degree of heterogeneity of the studies was
analyzed through Cochran’s Q test [35], and the
degree of consistency between studies was calculated
through the I? test, which was interpreted as low (<
25%), moderate (26-74%), and high (= 75%) [36].
The effect of the studies with small samples was
determined by the Doi plot [33] and the Luis Furuya-
Kanamori (LFK) index [33] to detect asymmetry as
Egger’'s regression loses statistical power in small
samples [37]. The LFK values outside the interval -1
and 1 were considered consistent with asymmetry (i.e.,
publication bias) [38]. An a level £ .05% and 95%
confidence intervals (95%CI) that did not include zero
(0) were considered to represent statistically significant
small-study effects.

2.9 Software used for data synthesis

All data were analyzed using Microsoft Excel
v.2010 (Microsoft Corporation, Redmond, WA) and the
Meta XL v.5.3, 2016 add-in software for Excel (EpiGear
Intl., Queensland, Australia). The analysis of
moderating variables of the ES of the fatigue index
component of the SRA was analyzed with a meta-
regression using the OpenMEE software [39].

3. Results and Discussion
3.1 Study characteristics

A process that depicts the search process for
study selection is shown in figure 1. After initially
identifying 388 citations and removing 135 duplicates
both electronically and manually, 253 citations were
screened. Of these, 69 studies met the criteria for
inclusion. Three studies were unrelated to soccer, and
57 studies did not include SSG but interventions
focused on running and drills where players did not use
the ball. The precision of the search, excluding
duplicates, was 2.4% while the NNR was 42.

3.2 Participant characteristics

The selected studies included a total of 116
male soccer players (age = 18.0 + 2.8 yr., body height
= 175.8 £ 3.3 cm, body weight = 68.6 £ 5.6 kg, BMI
= 22.3 £ 1.1 kg-m?, VO2max = 56.9 + 2.1 ml-kg*-min-
1), Of these participants, 76 players used SSG as an
intervention for the development of RSA, and 19
trained in continuous or intermittent racing situations
(i.e., “traditional” training) (Table 1).

3.3 Risk of bias assessment

Each study was subjected to an assessment of
the risk of bias and methodological quality using the
PEDro Scale (Table 2). Both the risk of bias and the
methodological quality was moderate (Mean = 6.3 + .5

pts.).

3.4 Data synthesis

With the selected studies, a total of 44 ES
were calculated, of which 25 resulted from SSG, eight
from “traditional” training, and 11 concerning the
moderating variables of the experimental group (i.e.,
SSG).

The ES for the best time was not significant
(ES = -.38, 95%CI = -.94, .18). A moderate bias (I*> =
65%), homogeneity (Q = 14.10, p = .01, Figure 2a),
and no asymmetry of the ES (LFK index = -.34, Figure
2b) were found. Average sprint ES was not significant
(ES = -.51, 95%CI = -1.60, .57). There was a high
inconsistency (I> = 82%), homogeneity (Q = 16.59, p
< .001, Figure 3a), and little asymmetry in the ES (LFK
index = -1.55, Figure 3b). The ES for the fatigue index
was significant (ES = -.83, 95%CI = -1.65, -.02). A
high bias (I2 = 82%), homogeneity (Q = 27.23, p <
.001, Figure 4a), and no asymmetry in the ES (LFK
index = -.91, Figure 4b) were found. The ES for the
total time was significant (ES = -.41, 95%CI = -.81, -
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.01). There was consistency in the studies (I> = 0%),
homogeneity (Q = 1.89, p = .60, Figure 5a), and little
asymmetry in the ES (LFK index = 1.36, Figure 5b).
The ES for all subgroups was significant (ES = -.54,
95%CI = -.89, -.20). A moderate bias (I2 = 70%),
homogeneity (Q = 63.99, p < .001, Figure 6a), and no
asymmetry in the ES (LFK index = -.28, Figure 6b)

were found.
Records identified through database Additional records
searching identified through other
g (n =388) sources
= @=0)
=
=
=
%
£ ! !
L}
Records after duplicates removed
_ (n=253)
. Records Screened Records Excluded
.E (n=69) i (n=60)
g 1) Other sports (n=3), 2)
g Type of intervention
_ (n=57).
& Full-text articles assessed for eligibility Full-text articles
= n=9) - excluded
2 > (n=3)
a 1) Lack of descriptive
statistics (n=3).
= Studies included in quantitative synthesis
§ (meta-analysis)
S (n=6)
=
Lo}

Figure 1. Flow diagram depicting the search process.

Significant ESs were followed by a meta-
regression to identify the contribution of possible
moderating variables of the effect of SSG on the
fatigue index in RSA (Table 3). The variables that did
not contribute significantly to moderating the effect
were the number of total sessions, the recovery
time/series, the field size, and the relative area per
player (p > .05 for all).

The purpose of the study was to determine the
effect of SSG on the RSA in male soccer players. Our
findings must be carefully considered given the low
number of studies included for analysis and the large
heterogeneity found between studies. The main finding
was that male soccer players training in reduced
spaces improved their ability to perform repeated
sprints. The overall ES was significant and
demonstrated a moderate effect on the RSA. The
present meta-analysis confirms that SSGs have a direct
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impact on the development of RSA, a basic skill
required in soccer [2, 40-42].

Table 1 Main Characteristics of the studies meta-analyzed (n = 6)

Study Sample Season SSG characteristics RSA outcome
Owen et al. Premier 15 Competitive 3 vs. 3 with goalkeeper 1 RSA % fatigue
2012 League 125 m2 = relative area index

Scotland Workload: 8 x 3 min/2 min 1 RSA total time
recovery
Eniseler et al.  U-18 players 19 Pre- 3 vs. 3 no goalkeeper
2017 competitive 90 m2 = relative area 1 RSA %fatigue index
Workload: 4 x 3 min/4 min
recovery
Rodriguez et U-18 24  Pre- Different formats: 2 vs. 2, 3 2 subgroups according
al. 2017 amateur competitive vs. 3,4 vs. 4, 5.vs. 5, 6 vs. to pre-test:
players 6,7vs. 7 a. Better: no change
94-150 m2 = relative area b. Worst: 1 RSA total
Workload: 4 x 12 min/2 min  time
recovery 1 RSA best
1 RSA
average
Hill-Haas et al. U-15players 19 Competitive Different formats: 4 vs. 4,4  No change
2009 vs. 4 + goalkeeper, 6 vs. 6,
6 vs. 6 + goalkeeper, 8 vs. 8
75-165 m2 = relative area
Workload: 3 x 10 min/2 min
recovery
Dello Iacono uU-19 20 Competitive 5 vs. 5 with goalkeeper 1 RSA %fatigue index
et al. 2019 England and 126 m2 = relative area 1 RSA best
UEFA Workload: 4 x 4 min/2 min 1 RSA average
leagues recovery
Jensen et al. U-20 19 Pre- Does not define format 1 RSA %fatigue index
2009 professional competitive  Workload: 4 x 3 min/1.5 min

Scandinavian

recovery

Table 2 Quality evaluation of the studies using the PEDro Scale.

Reference Year | A | B | C D/E|F|G H|I|J|K Score
Owen et al. 2012 (1 (OO |1|O0|O|O|1|1]|1|1 6
Eniseler et al. 2007 (1 (1|0 |1j0|O|O|1|1]|1|1 7
Rodriguez et al. 2017 (1 (OO |1|O0|O|O|1|1]|1|1 6
Hill-Haas et al. 2009 (1 (1|0 |1j0|O|jO|O|1]|1|1 6
Dello Tacono et al.| 2019 1 110(1]0|0|O0O|1]|1]|1]|1 7
Jensen et al. 2009 1/0]0|1|]0|0|O0O|1]1]|1]|1 6

Note: A) Eligibility criteria were specified, B) subjects were randomly allocated to groups,
C) Allocation was concealed, D) The groups were similar at baseline regarding the most
important prognostic indicators, E) there was blinding of all subjects, F) There was
blinding of all therapists who administered the therapy, G) There was blinding of all
assessors who measured at least one key outcome, H) Measures of at least one key
outcome were obtained from more than 85% of the subjects initially allocated to groups,
I) All subjects for whom outcome measures were available received the treatment or
control condition as allocated, J) The results of between-group statistical comparisons are
reported for at least one key outcome, K) The study provides both point measures and
measures of variability for at least one key outcome.

Int. J. Phys. Educ. Fit. Sports, 9(4) (2020), 70-84 | 75



Vol 9 Iss 4 Year 2020

P. L. Morera-Siercovich & J. Moncada-Jiménez /2020

DOI: 10.34256/ijpefs2048

Study ES (95% C) % Weight
(@)  Dello laconoetal. 2019 = 137 (234,-040) 112
Rodriguez et al. 20171 = 067 (-1.50, 0.15) 154
Jensen et al. 2009 ) 0,05 (-131, 0.00) 245
Rodriguez et al. 3017 | 028 (-1.09, 052) 162
Owen et al. 20121 ) 019 (091, 052) 206
Eniscler et al. 2017a i 102 ( 009, 195) 121
Overall ] 038 (084, 0.19) 1000
Q=14.16, p=0.01, 12=65%
18 09 0 09 18
ES
LFE index: -0.35 (No usymmelzy}
0.24 rered
(b) 03/ R 1
04 H "
0.5+ 5
0.5+ : ]
0.7 H %
08 : O,
g 09 N
N I o e,
e e
T O e T ..
1.3+
144
15, .,
sl o
1.7+
[ 1
ES
Figure 2 Forest (a) and DOI plot (b) for the best time.
(a) Stmdy ES(95% CI) % Weight

Dello Iacono etal. 2019¢

Rodriguezet al 2017h
Rodriguez etal 20172

Eniseler etal. 2017a

241 (-3.56,-1.26) 15.1
-0.77 (-1.60, 0.06) 289

-0.18 (-0.98, 0.62) 31.1

0.52 (-0.38, 1.41) 249

-0.51 (-1.60, 0.57) 100.0

Overall —*——

Q=16.60, p=0.00,12=82%

3 2 1 0 1
ES
LFE indzx: -1.54 (Minos asymmsts)

b) 8.

0.3
04
0.5 -
0.6
0.7
08
0.9

|Z.-score|
.

L1
12 e
13

1.5
1.6

2 -1 0
ES

Figure 3 Forest (a) and Doi (b) plots for average sprint time.
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Figure 5 Forest (a) and Doi (b) plots for the total time.
Int. J. Phys. Educ. Fit. Sports, 9(4) (2020), 70-84 | 77




Vol 9 Iss 4 Year 2020

P. L. Morera-Siercovich & J. Moncada-Jiménez /2020

DOI: 10.34256/ijpefs2048

Study ES (95% CI) % Weight
(a) Jensen et al. 2009b —_— =245 (-3.29,-161) 48
Dello lacono et al. 2019c T =241 (-356,-1.26) 2.6
Eniseler et al. 2017¢ I -1.77 (-2.81,-0.74) 32
Dello lacono et al. 2019a S 5 -1.37 (-2.34,-040) 3.6
Rodriguez et al. 20171 —.—- -0.80 {-1.63, 0.03) 5.0
Rodrigucz ct al. 2017h _ a1 2077 (-1.60, 0.05) 5.0
Owen et al. 20120 . — 40.73 (-146, 001) 6.3
Rodrigucz et al. 2017f — = 0.67 (-1.50, 0.15) 5.0
Jensen et al. 2009a —.— .65 {-1.31, 0.,00) 8.0
Dello lacono et al. 2019¢ —_— .61 {-1.51, 0.28) 4.3
Owenetal. 2012b -0.55 {-1.28, 0.18) 64
Rodriguez et al. 2017a - 0.28 (-1.09, 0.52) 5.3
Rodriguez et al. 2017j + T -0.21 {-1.01, 0.59) 53
Owen et al. 2012a —.—— 019 {091, 0.52) 6.7
Rodriguez et al. 2017g —.—— 018 (098, 0.62) 5.3
Rodriguez et al. 2017k —_— -0.17 (-0.97, 0.63) 53
Hill-Haas et al. 2009z RN S — 008 (095, 0.80) 4.5
Rodriguez et al. 2017i —_— 0.27 (-0.53, L.08) 53
Eniseler et al. 2017al D S E—— 0.52 (-038, 141) 43
Eniseler et al. 2017a —_— 102 ( 0.09, 1.95) 3.9
Overall - 0.54 (-0.89,-0.19) 100.0
Q=64.14, p=0.00, 12-70%
3.6 2.4 12 [ 1.2
ES
LFK index: -0.27 (No usymrmetry)
(b) o o..
0.1- ol e
0.2 : Q
0.3 o ko)
0.4- : 3
05 P Q
06- o H
0.7- O
0.8- o] &
0.9- i
.g 1 O a
Rk .
ol e O o
13-
etle
1.4-
1 a
L6 7
W2 I
Lgd i
193
210 ..
21- ©
2.2
2 -1 0 1
ES

Figure 6 Forest (a) and Doi (b) plots for all subgroups of the small-sided games.

Table 3 Analysis of moderating variables with the fatigue index component in RSA.

Variables ES (n) B (95%CI) p=< R2 (%)
Number of weeks 6 -.25 (-.47, -.03) .05 56.6
Sessions/week 6 .69 (.29, 1.10) .001 82.9
Total sessions 6 .10 (-.03, .23) 12 26.2
Total sets 6 .04 (.02, .06) .01 78.5
Recovery/set 6 -.23 (-1.36, .89) .68 0
Time/session 6 .05 (.01, .08) .01 67.1
Time/week 6 .01 (.00, .01) .05 61.6
Total time 6 .00 (.00, .00) .05 53.5
Field width 5 .13 (.04, .21) .01 100.0
Field length 5 .08 (-.00, .17) .10 61.5
Relative area/player (m?) 5 .02 (-.03, .07) 43 0
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During SSG training, the most common
movements are very high-intensity repetitive running
efforts (i.e., sprints), changes of body direction,
acceleration, braking, dribbling, and movements that
intensify the overall physiological stress. All of these
movements can explain the observed improvements in
RSA [41, 43]. Additionally, since the nature of RSA is
multivariate and is measured through multiple
components, the magnitude of the effect for each of
them (e.g., best, average, fatigue index, total time)
was different. Although they indeed showed a negative
ES, which means an improvement in performance (the
shorter the time, the better the performance), only two
RSA variables reached statistical significance (i.e.,
fatigue index, total time). Similar findings have been
reported in team sports where inconsistencies in the
results are often observed. These divergences may be
explained by different RSA testing protocols or to how
changes in the decrease in sprint scores are
interpreted, especially in the RSA fatigue index
component [26, 44].

The studies included in the present meta-
analysis used different protocols to measure RSA.
Although this variable was not considered as a
moderator given its a priori detected heterogeneity,
the differences in protocols could influence fatigue,
even compromising the running biomechanics [44, 45].
When analyzing the best time RSA component, despite
having improved, it did not reach statistical
significance. Cross-sectional studies show that,
compared to a real soccer game, SSGs simulate
general movement patterns; however, they offer
insufficient training stimuli to players for executing
high-speed actions [46-48]. A very clear example is
demonstrated by Owen, Wong [48] on elite European
players. The researchers categorized SSGs into three
formats according to the relative area per player: a)
short (94 m?), b) medium (184 to 188 m?), and c) long
(218 to 336 m?). The long SSG format elicited
improvements in high-speed actions, but these did not
exceed 25.2 km-h!, considered a moderate speed
since soccer players in a competitive game reach
speeds greater than 30 km-ht. Therefore, researchers
suggest more specific training strategies to develop the
RSA sprint [43, 49, 50].

The RSA average component did not reach
statistical significance in the present study. This finding
is consistent with previous evidence showing a lack of
improvement following SSG; however, this component
is enhanced following repeated sprint training, which is
associated with an improvement in anaerobic

performance [8, 26, 43]. Other studies reported
improvements in the average sprint [1, 51], with an
increase of 3.35% in the average RSA [1]. These
differences could be partially explained by the training
category of the sample participating in these studies
where amateur players are more likely to achieve
higher improvements than professional soccer players
[52].

The SSGs significantly improved the RSA total
time. The RSA is related to a mixed metabolic
disposition [44], and this indicator should be used
together with the fatigue index to evaluate the
repeated sprint, since it is necessary to contextualize
the fatigue indices calculated when evaluating RSA
because having less or more fatigue does not always
equate to better or worse performance in soccer [53,
54]. Hill-Haas, Dawson [41], did not report
improvements in the total sprint, despite introducing a
variety of designs of reduced space, enlarging or
shortening the field, or using formats of a different
number of players (70% were large: 5 vs. 5, 7 vs. 7),
which might explain the fact that these types of
formats can decrease the intensity of the exercise.

Significant reductions in the sprint and high-
speed actions have previously been reported towards
the end of high-level games. These can be explained
by the fatigue index, which, according to the results of
the present study, show a large ES that coincides with
other studies [26, 55, 56]. The fatigue index has been
related to aerobic power [26, 57] and SSGs provide an
adequate stimulus to improve this quality by causing
physiological adaptations that facilitate recovery
processes [26, 55].

In the present meta-analysis, no effects were
found of SSG on RSA according to the relative area
(i.e., the ratio of m? per player) (Table 3). Naturally, a
bigger relative space could provide more time and
space for players to execute passes and perform other
actions [58]. Additionally, it has been shown that at
larger field sizes, players are exposed to more running
because players have less ball possession and need to
run more to close gaps and press in defense when the
opponent possess the ball; and in the attack, to open
spaces and build a game [59-61]. A practical approach
has considered using ~100 m? for SSGs, while large
games generally use >200 m? [48, 60], because, in
large games, a greater total running distance, high-
intensity running, and many sprints have been
observed [59]. Practically in all the studies, a small
dimension of SSG was used, ranging from 90 to 165
m?/player; therefore, it was impossible to discriminate
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between one format and another. Other consideration
may be the combination of different reduced space
designs in the same study, since, throughout the
intervention, the players will be exposed to different
physical and technical demands [48]. This could affect
the findings of the present meta-analysis because at
least two studies used those formats.

Regarding the field’s width and length, the
width had an impact on the RSA fatigue index. Despite
being unable to find an effect of the field length on
RSA, in the literature consulted, differences were found
in the distance covered at high-intensity and technical
actions. A study in players under 15 years of age
determined the effects of two different field
configurations (40 m x 30 m and 30 m x 40 m) with
the same relative area per player and playing with
goalkeepers [62]. There were more shots on goal
during the games played on the 30 m long x 40 m
wide field, and that more passes occurred in the games
played on the 40 m long x 30 wide field. Therefore, it
is recommended to use the proportions relative to
those of a football match (length/width = 1.46) [62].

An inverse correlation was found between the
ES of the RSA fatigue index and the number of weeks
of training of SSG (Table 3); for each accumulated
week of training, there will be an improvement in the
RSA fatigue index. As previously noted, there is a very
high influence of the aerobic metabolism on the ability
to perform repeated sprints; therefore, the training
intensity is a key determinant of mitochondrial content,
one of the primary adaptive responses of this type of
training [63-65]. Thus, coaches and physical trainers
must prioritize programming this variable to ensure
greater adaptations. There is evidence indicating
substantial improvements following 6 to 12 weeks of
training. For example, Jensen, Randers [55], reported
a 20.8% improvement in the RSA fatigue index
following a 12-week program with elite soccer players.
Owen, Wong del [56], reported improvements of
31.15% in the fatigue index (even greater than
repeated sprint training, 11.56%) for 6 weeks. Dello
Iacono, Beato [66], also found improvements after 8
weeks of training, while others [51, 56], with only 4
and 5 weeks, failed to demonstrate an improvement of
SSG in the fatigue index.

Concerning the SSG training frequencies, we
found that more than twice a week did not reduce the
RSA fatigue index, possibly due to exhaustion with a
concomitant impaired performance. This argument
emerges from the study by Moran, Blagrove [20], who
suggested that SSGs, as used to improve endurance

performance, can be programmed up to twice a week
with adequate recovery between sessions. The study
by Rodriguez-Fernandez, Sanchez Sanchez [51],
included 4 sessions/week, for 6 weeks. No
improvements were found in the RSA fatigue index
after the SSG intervention. Therefore, coaches must
prescribe an appropriate balance between work and
recovery to ensure that players can recover from the
SSG requirement and improve RSA.

This meta-analysis reports the effect of SSG on
RSA and its findings are specific to the sport of men's
soccer. Two potential drawbacks of the study were the
small number of studies included for analysis and the
large heterogeneity between studies, which. Thus, it
would be necessary to have a greater number of
players to obtain more generalizable results.
Demographic characteristics (e.g., different competitive
levels) do not allow generalization of the findings to
elite soccer players; it seems necessary to design new
confirmatory studies, as it is evident the scarce number
of studies involving elite professional players.
Experimental studies with established relative areas are
also necessary to define whether or not there is a
development of RSA and to consider other moderating
variables, such as the time of measurement (e.g., pre-
season, season, post-season), the level physical
activity of the subjects, age, and game format (number
of players).

4. Conclusion

In conclusion, the methodological use of the
SSG allows the development of the capacity of
repeated sprints, while the technique and the tactical
elements are trained concomitantly. The RSA
components have shown inconsistency in the results,
which can be partially explained by the different RSA
testing protocols, or by how changes are interpreted,
especially in the fatigue index. The fatigue index is
related to aerobic power, causing adaptations that
facilitate recovery processes. This component can be
conditioned negatively if many sessions/weeks are
executed and positively if the duration of the
intervention lasts for several weeks. Further studies on
the effects of SSG are warranted on elite soccer
players.
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