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Objectives: This systematic review with meta-analysis (SRMA) was conducted to
compare the effects of SSG-based interventions vs. running-based HIIT interventions on
soccer players’ sprinting time (ST), vertical height jump (VJH), and change of direction
time (CODt).

Data Sources: The data sources utilized were Web of Science, Scopus, SPORTDiscus,
and PubMed.

Results: An electronic search yielded 650 articles, six of which were included in the
present study. Between-group analysis found a significant favoring effect of HIIT-based
over SSG-based training interventions for the improvement of linear sprinting time (ES
= 0.42; p = 0.012). A within-group analysis revealed a significant favoring effect of
HIIT-based training interventions for improving linear sprinting time (ES = 0.42; p = 0.008)
and CODt (ES = 1.04; p = 0.005) despite a non-significant effect on VJH (ES = 0.47;
p =0.22).

Conclusions: The meta-analytical comparison revealed favoring the effect of
running-based HIIT over SSG-based interventions in sprinting performance, although no
significant differences were observed for jumping and CODt performance. The findings
suggest that SSG-based programs should be supplemented by other training methods
that benefit determinant capacities in soccer players.
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HIGHLIGHTS

- Significant better benefits of running-based HIIT vs. SSGs
were found in sprinting performance.

- None of interventions (running-based HIIT and SSGs)
presented significant benefits in vertical jump performance.

- The SSG had no meaningful benefits in any of the outcomes
(sprinting performance, vertical jump performance and
change-of-direction performance).

INTRODUCTION

Small-sided games (SSGs) (also known as small-sided and
conditioned games) are conditioned and adjusted forms of a
soccer game that are used in a training context to achieve a
specific tactical/technical objective while changing physiological,
physical, and psychological demands (Davids et al, 2013;
Bujalance-Moreno et al, 2019; Clemente et al., 2020). In
the context of soccer, these game-based drills are often used
across the training week (Jeong et al., 2011), and the scientific
interest about the effects of these games has been exponentially
growing since the first systematic review published on the topic
(Hill-Haas et al., 2011).

SSGs can produce highly variable acute responses considering
the management of task constraints associated with them (Davids
et al,, 2013). In brief, smaller formats (fewer players), larger
pitch sizes (higher individual playing area per player), a limited
number of ball touches, man-to-man marking, or the use of
small-goals or ball possession drills tend to increase the heart
rate responses, blood lactate concentrations, and/or rate of
perceived exertion of players from different age groups and
competitive levels (Hill-Haas et al., 2011; Sarmento et al., 2018;
Bujalance-Moreno et al., 2019). In terms of physical demands,
consistent findings suggest an increase of distances covered in
high-speed zones in SSGs played on larger pitches (Clemente
etal,, 2019); removing goalkeepers also contributes to an increase
in distances covered at different intensities (Sarmento et al.,
2018; Bujalance-Moreno et al., 2019). However, findings about
the physical demands of changing formats, limitations of ball
touches, action restrictions, and tactical/strategic missions are
inconsistent (Sarmento et al, 2018; Bujalance-Moreno et al.,
2019). Additionally, due to the inconsistency of findings about
SSGs’ effects on physical demands, it is somewhat difficult to
use SSGs to impose highly intense physical demands (e.g., high-
speed running, sprinting) when compared to traditional running-
based drills that involve high-intensity interval training (HIIT)
(Clemente, 2020; Clemente et al., 2021).

Despite that, the capacity of SSGs developing more than one
performance dimension led to increased use of these games
for providing a physical and physiological stimulus on the
players. This approach has led the amount of scientific evidence
about the effects of SSG-based programs started to increase,
especially in the last decade (Hammami et al., 2018). Among the
available state-of-the-art about the influence of SSGs in physical
adaptations, the vast majority of findings focuses on the effects
on aerobic performance in which no significant differences with
running-based HIIT was found (Kunz et al., 2019; Moran et al.,

2019; Clemente et al., 2021). Possibly, one of the justifications
for this is the high-intensity and intermittent physiological effort
imposed by SSGs, combined with low within- and between-
players variability in terms of heart rate responses (Hill-Haas
et al., 2008a; Stevens et al., 2016; Aquino et al., 2019).

Despite a good body of knowledge represented by a systematic
review and a meta-analysis (SRMA) (Kunz et al., 2019; Moran
et al., 2019) comparing the effects of SSG-based and running-
based HIIT programs on aerobic performance, systematization
of the effects in other determinant fitness variables is lacking.
Due to the intermittent nature of soccer games (laia et al., 2009;
Buchheit and Laursen, 2013a), which consist of low-to-moderate
demands (e.g., jogging and running) interspaced by high-
intensity activity (e.g., high-intensity running or sprinting) and
explosive actions (e.g., jumping, changing direction, accelerating,
and decelerating), it is important to ensure a proper fitness status
that covers all the needs (Stolen et al., 2005). Among other factors,
an improvement in sprinting time (ST) and change of direction
time (CODt) may ensure a quicker capacity to overcome the
opposing team, while a good vertical height jump (VHJ) may help
players to reach higher balls while providing information about
lower limb explosive power (Redkva et al., 2018).

As far as we know, no dedicated SRMA exists that compares
the effects of SSG-based and running-based HIIT programs
in soccer on ST, CODt, and VHJ]. A systematization of
information and evidence will help coaches to identify the
potential adaptations promoted by drill-based games on these
neuromuscular-related capacities. It may also provide new
insights to researchers who are interested in this topic. For those
reasons, the purpose of this SRMA was to compare the effects
of SSG-based and running-based HIIT interventions on soccer
players’ sprinting, vertical jumping, and CODt performance.

METHODS

The present SRMA followed the Cochrane Collaboration
guidelines (Green and Higgins, 2005). The systematic review
strategy was conducted according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
guidelines (Moher et al., 2009). The protocol was registered with
the International Platform of Registered Systematic Review and
Meta-Analysis Protocols with the number INPLASY202080114
and the DOI number 10.37766/inplasy2020.8.0114.

Information Sources

A comprehensive computerized search of the following electronic
databases was performed: (i) Web of Science; (ii) Scopus;
(iii) SPORTdiscus; and (iv) PubMed. The searching process
for relevant publications had no restriction regarding year of
publication and included articles retrieved until 27t August
2020. The following search strings were employed: (“soccer” OR
“football”) AND (“small-sided games” OR “drill-based games”
OR “sided-games” OR “SSG” OR “conditioned games” OR
“small-sided and conditioned games” OR “reduced games” OR
“play formats”) AND (“sprint™” OR OR “velocity™” OR “vertical
jump*” OR “jump™” OR “countermovement jump” OR “CM]J”
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OR “squat jump” OR “SJ” OR “drop jump” OR “DJ” OR “change
of direction” OR “COD” OR “agility”).

The a priori inclusion criteria for this review were as follows:
(i) parallel studies (SSG-based programs vs. running-based HIIT)
conducted in soccer players with no restriction of age, sex or
competitive level; (ii) isolated intervention programs (i.e., only
SSG vs. only running-based HIIT—not combined forms) with
no restrictions for duration; (iii) a pre-post outcome for physical
fitness, including ST, VHJ, and CODt; (iv) original per-reviewed
articles written in English that provided full-text. Studies were
excluded on the basis that they: (i) were observational analytic
designs; (ii) included other sports; (iii) used SSG or running-
based HIIT combined with other training methods or between
them (e.g., SSG + running based-HIIT); (iv) conducted in
recreational soccer (e.g., healthy population but not soccer
players) or physical education contexts; and (iv) were review
articles, letters to the editor, errata, invited commentaries, or
conference abstracts.

Data Extraction

A data extraction sheet conceived in Microsoft Excel (Microsoft
Corporation, Readmon, WA, USA) was made based on Cochrane
Consumers and Communication Review Group’s data extraction
template (Group C. C. C. R., 2016). The sheet was used to
assess inclusion requirements. The process was conducted by
two of the authors (FC and HS). Any disagreement regarding
study eligibility was resolved in a discussion between the authors.
Full text articles excluded, with reasons, were recorded. All the
records were stored in the sheet.

Data Items

The outcomes chosen for this SRMA included ST, VH]J, and
CODt. The linear ST(s) at different distances was collected,
without including values of partial times and extracted only from
linear sprinting tests. The VH] (measured in cm) was usually
assessed during a countermovement jump (CM]) with or without
arm swing, squat jump (SJ) or drop jump (DJ). The CODt was
regularly measured at COD tests and the time for performing the
test was collected. Additionally, the following information was
extracted from the included studies: (i) number of participants
(n), age (years), competitive level (if available), and sex; (ii)
the SSGs format and pitch size (if available); (iii) period of
intervention (number of weeks) and number of sessions per week
(n/w); and (iv) regimen of intervention (work duration, work
intensity, modality, relief duration, relief intensity, repetitions
and series, between-set recovery).

Assessment of Methodological Quality

The methodological index for non-randomized studies
(MINORS) was used (Slim et al., 2003) to assess the parallel
studies. Twelve items were analyzed, in which 0 represented
cases of no report, 1 cases of report but inadequate, and 2 in
cases of report and adequate. Two of the authors (FC and HS)
independently scored the articles. Disagreements in the rating
between both authors was resolved through discussion. Aiming
to control the risk of bias between authors, the Kappa correlation
test was used to analyze the agreement level for the included
studies. An agreement level of k = 0.87 was obtained.

Summary Measures

Meta-analysis was conducted in the case of at least three study
groups provided baseline and follow-up data for the same
measure (Moran et al, 2018; Garcia-Hermoso et al., 2019;
Skrede et al, 2019). Means and standard deviations for a
measure (ST; VHJ; CODt) of pre-post SSG-based interventions
were used to compute the Hedgess g effect size (ES). The
inverse variance random-effects model for meta-analyses was
used because it allocates a proportionate weight to trials based
on the size of their individual standard errors (Deeks et al., 2008)
and enables analysis while accounting for heterogeneity across
studies (Kontopantelis et al.,, 2013). The ESs were presented
alongside 95% confidence intervals (CIs) and interpreted using
the following thresholds (Hopkins et al., 2009): <0.2, trivial; 0.2-
0.6, small; >0.6-1.2, moderate; >1.2-2.0, large; >2.0-4.0, very
large; >4.0, extremely large. All analyses were carried out using
the Comprehensive Meta-Analysis program (version 2; Biostat,
Englewood, NJ, USA).

Synthesis of Results

To estimate the degree of heterogeneity between the included
studies, the percentage of total variation across the studies was
used to calculate the I? statistic (Higgins, 2003). Low, moderate,
and high levels of heterogeneity correspond to I?-values of <25,
25-75, and >75%, respectively (Higgins and Thompson, 2002;
Higgins, 2003).

Risk of Bias Across Studies

The extended Egger’s test (Egger et al., 1997) was used to assess
the risk of bias across the studies. In case of bias, a sensitivity
analysis was conducted.

RESULTS

Study Identification and Selection

The searching of databases identified a total of 650 items.
These studies were then exported to reference manager software
(EndNote™ X9, Clarivate Analytics, Philadelphia, PA, USA).
Duplicates (370 references) were subsequently removed either
automatically or manually. The remaining 280 articles were
screened for their relevance based on titles and abstracts,
removing 250 studies. The full texts of the remaining 30 articles
were examined diligently. After reading full texts, a further 24
studies were excluded due to a number of reasons (Figure 1).
The six studies included in the meta-analysis provided mean and
standard deviation for pre- and post-interventions data for at
least one main outcome.

Study Characteristics

The characteristics of the six studies included in the SRMA can
be found in Table 1. Additionally, the details of the SSG-based
and running-based HIIT programs can be found in Tables 2, 3,
respectively. The included parallel studies involved 12 individual
groups (6 SSG-based groups and 6 running-based HIIT groups)
and 156 participants (n = 76 in SSG-based groups; n = 88 in
running-based HIIT groups). The six studies were conducted
in youth male soccer players. The shorter intervention lasted 4
weeks (Faude et al.,, 2014) and the longer 8 (Radziminski et al,,
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FIGURE 1 | PRISMA flow diagram highlighting the selection process for the studies included in the systematic review and meta-analysis.

No SSGs vs. running-based HIIT (n = 9)
Other language than English (n = 1)
Other sport than soccer (n = 1)

No soccer players (n = 2)

2013; Jastrzebski et al., 2014; Stojiljkovi¢ et al., 2019). Moreover,
the minimum number of sessions were 8 (Faude et al., 2014) and
the maximum 16 (Radziminski et al., 2013; Jastrzebski et al., 2014;
Stojiljkovi¢ et al., 2019).

Methodological Quality
In the case of parallel studies, 3 studies were scored between 16
and 17 points, and 3 studies between 18 and 19 points (Table 4).

SSG vs. Running-Based HIIT Interventions

on Linear Sprinting Time
A summary of the included studies and results of ST
reported before and after SSG-based and running-based HIIT
interventions are provided in Table 5.

Five studies provided data for linear sprinting time, involving
five SSG-based and five HIIT-based groups (pooled n = 141).
There was a significant favoring effect of HIIT-based over SSG-
based training interventions for the improvement of linear
sprinting time (ES = 0.42; 95% CI = 0.09 to 0.74; p = 0.012; I =
0.0%; Egger’s test p = 0.025; Figure 2). The relative weight of each
study ranged from 14.3 to 39.6% (the size of the plotted squares
reflects the statistical weight of each study). The adjusted values

(based on Duval and Tweedi€’s trim and fill method) indicated
an ES = 0.57 (95% CI = 0.22 to 0.92) favoring HIIT-based over
SSG-based training interventions.

The within-group analysis revealed a significant favoring
effect of HIIT-based training interventions for the improvement
of linear sprinting time (ES = 0.42; 95% CI = 0.11 to 0.73; p =
0.008; I* = 63.5%; Egger’s test p = 0.770; Figure 3A). The relative
weight of each study ranged from 16.1 to 24.6%.

The within-group analysis revealed a non-significant effect of
SSG-based training interventions on linear sprinting time (ES =
0.19; 95% CI = —0.15 to 0.52; p = 0.28; I> = 68.3%; Egger’s test
p = 0.801; Figure 3B). The relative weight of each study in the
analysis ranged from 16.5 to 25.0%.

SSG vs. Running-Based HIIT Interventions

on Vertical Height Jump
A summary of the included studies and results of VH]J
reported before and after SSG-based and running-based HIIT
interventions are provided in Table 6.

Four studies provided data for VJH, involving four SSG-
based and four HIIT-based groups (pooled n = 114). There was
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TABLE 1 | Characteristics of the included studies and outcomes extracted.

Study Mean age (yo) Sex CL Design Outcomes Tests used in the Measure extracted

original studies from the tests in the
original studies

Arcos et al. 16.5 Men Y Parallel VHJ VHJ: CMJ VHJ: (cm)

(2015)

Arslan et al. 14.2 Men Y Parallel VHJ; ST, CODt VHJ: CMJ VHJ: (cm)

(2020)
ST: linear sprint 30-m ST: time (s)
CODt: ZAWOB CODt: time (s)

Faude et al. 16.5 Men Y Parallel VHJ; ST, CODt VHJ: CMJ VHJ: (cm)

(2014)
ST: linear sprint 30-m ST: time (s)
CODt: 20-m COD with CODt: time (s)
6 sharp turns

Jastrzebski 15.8 Men Y Parallel ST ST: linear sprint 30-m ST: time (s)

et al. (2014)

Radziminski 15.1 Men Y Parallel ST ST: linear sprint 30-m ST: time (s)

et al. (2013)

Stojiljkovic 15.6 Men Y Parallel VHJ; ST, CODt VHJ: CMJ VHJ: (cm)

etal. (2019)
ST: linear sprint 20-m ST: time (s)
CODt: lllinois test CODt: time (s)

N, number of participants in the study; Yo, years old; CL, competitive level; Y, youth; VHJ, vertical height jump; ST, sprinting time at linear trajectories; CODt, change-of-direction time;

s, seconds; cm, centimeters;, m, meters; ZAWOB, zigzag agility without the ball.

TABLE 2 | Characteristics of SSG-based programs in the included studies.

Study Duration d/w Total SSG SSG pitch SSG area Sets Reps Work Work Relief Relief
(w) sessions formats dimension per player duration intensity duration intensity
(length x (m?)
width)
Arcos et al. 6 2 12 3vs.3t04 NR 85 m? - 3 4min NR 3min Passive
(2015) vs. 4
Arslan et al. 5 2 10 2vs. 2 20x15-m 75 m? 2 2 2.5- NR 2min Passive
(2020) 4.5min
Faude et al. 4 2 8 3vs.3t04 35x25-m 145to 150 - 4 4min NR 4min Technical
(2014) vs. 4 to m? activities
40x30-m
Jastrzebski 8 2 16 3vs. 3 18x30-m 90 m? - 7 3min NR 9N0s Active
etal. (2014) recovery
Radziminski 8 2 16 3vs.30r3 18x30-m 77-90 m? - 5 4 min >90% 3min Light
et al. (2013) vs. 3+1 HRmax activity
Staojiljkovic 8 2 16 3vs. 3" 20x15-m  50m? - NR NR NR NR NR
et al. (2019)
4vs. 4 25x18-m 56 m?

SSGs, small-sided games; W, weeks; d/w, days per week; NR, not reported; m, meters; s, seconds; min, minutes; *ball contacts restricted; GK, goalkeeper.

no significant difference between HIIT-based compared to SSG-
based training interventions on VJH changes (ES = 0.25; 95% CI
= —0.43 t0 0.93; p = 0.474; I> = 67.1%; Egger’s test p = 0.056;
Figure 4). The relative weight of each study ranged from 21.7
to 30.8%.

The within-group analysis revealed a non-significant effect of
HIIT-based training interventions on VJH (ES = 0.47; 95% CI
= —0.28 to 1.22; p = 0.22; I> = 90.9%; Egger’s test p = 0.706;

Figure 5A). The relative weight of each study in the analysis
ranged from 23.7 to 26.2%.

The within-group analysis revealed a non-significant
effect of SSG-based training interventions on VJH (ES
= 022; 95% CI = —-025 to 0.70; p = 0.36; P =
78.6%; Eggers test p = 0.836; Figure5B). The relative
weight of each study in the analysis ranged from 22.0
to 29.4%.
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TABLE 3 | Characteristics of running-based HIIT programs in the included studies.

Study Duration d/w* Total Work Work Relief Relief Sets* Reps* Recovery Recovery
(w) sessions duration* intensity duration intensity between sets between sets
(duration) (intensity)
Arcos et al. 6 2 12 4min  90-95% 3min 50-60% - 3 - -
(2015) HRmax HRmax
Arslan et al. 5 2 10 156s  90-95% Vier 15s Passive 2 12-20 NR NR
(2020)
Faude et al. 4 2 8 156s 140% 156s NR 2 12-15 10min NR
(2014) IAT
Jastrzebski 8 2 16 16s  85-90% 16s NR 7 6 90s Active recovery
et al. (2014) HRmax
Radziminski 8 2 16 4min  >90% 3min Light activity - 5 - -
et al. (2013) HRmax
Stojilikovi¢ 8 2 16 15s  90-95% 15s NR 3-4 5-8 NR NR
et al. (2019) HRmax

W, weeks; d/w, days per week; s, seconds; NR, not reported.

*The range between the programs; min, minutes;, m, meters; Vier, maximal velocity at 30-15 IFT; IAT, individual anaerobic threshold; HRmax, maximal heart rate; Passive, passive

recovery; s, seconds; min, minutes; m, meters.

TABLE 4 | Methodological index for non-randomized studies (MINORS).

N.c1* N.°2 N.°3 N.°4 N.°5 N.°6 N.°7 N.°8 N.°9 N.°10 N.°11 N.12 Total**

Arcos et al. 2 1 2 2 0 2 2 0 1 2 2 2 18
(2015)

Arslan et al. 2 1 2 2 0 2 2 0 1 2 2 2 18
(2020)

Faude et al. 2 0 2 2 0 2 0 0 2 2 2 2 16
(2014)

Jastrzebski et al. 2 1 2 2 0 2 0 0 1 2 2 2 16
(2014)

Radziminski 2 1 2 2 0 2 0 0 1 2 2 2 16
et al. (2013)

Stojilikovi¢ et al. 2 1 2 2 0 2 2 0 1 2 2 2 18
(2019)

*MINORS scale items number; N.°1, A clearly study aimed; N.° 2, Inclusion of consecutive patients; N.° 3, Prospective collection of data; N.°4, Endpoints appropriate to the aim of the
study; N.° 5, Unbiased assessment of the study endpoint; N.° 6, Follow-up period appropriate to the aim of the study; N.° 7, Loss to follow <5%, N.° 8, Prospective calculation of the
study size; N.° 9, An adequate control group; N.° 10, Contemporary groups; N.° 11, Baseline equivalence of groups; N.°12, Adequate statistical analyses.

**The total number of points from a possible maximal of 24.

SSG vs. Running-Based HIIT Interventions

on Change of Direction Time

A summary of the included studies and results of CODt
reported before and after SSG-based and running-based HIIT
interventions are provided in Table 7.

Three studies provided data for CODt, involving three SSG-
based and three HIIT-based groups (pooled n = 99). There was
no significant difference between HIIT-based compared to SSG-
based training interventions on CODt changes (ES = 0.85; 95%
CI = —0.38 t0 2.09; p = 0.175; I = 87.1%; Egger’s test p = 0.208;
Figure 6). The relative weight of each study in the analysis ranged
from 32.2 to 35.2%.

The within-group analysis revealed a significant favoring
effect of HIIT-based training interventions for the improvement
of CODt (ES = 1.04; 95% CI = 0.31 to 1.76; p = 0.005; I* = 85.5%;
Egger’s test p = 0.590; Figure 7A). The relative weight of each
study in the analysis ranged from 32.1 to 34.4%.

The within-group analysis revealed a non-significant effect of
SSG-based training interventions on CODt (ES = 0.16; 95% CI
= —0.54 to 0.86; p = 0.66; I> = 88.2%; Egger’s test p = 0.274;
Figure 7B). The relative weight of each study in the analysis
ranged from 31.2 to 36.0%.

Adverse Effects

Among the included studies, none reported soreness, pain,
fatigue, injury, damage, or adverse effects related to the SSG-
based and running-based HIIT interventions.

DISCUSSION

The current SRMA aimed to compare the effects of SSG-based
training and running-based HIIT on several neuromuscular-
dependent variables (linear sprinting, vertical jumping, and
CODt). The comparisons conducted in the meta-analysis
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TABLE 5 | Summary of the included studies and results of linear sprinting time before and after SSG-based and running-based HIIT intervention.

Study Intervention N Before After Before-After
Mean + SD Mean + SD (A%)
Arslan et al. (2020) SSG 10 515+ 0.32 4.81 £ 0.31 —6.6
Faude et al. (2014) SSG 9 413+0.13 413 £0.11 0.0
Jastrzebski et al. SSG 11 461 +0.25 4.67 £0.25 1.3
(2014)
Radziminski et al. SSG 9 4.91 £0.29 4.89 £ 0.40 —-0.4
(2013)
Stojilikovi¢ et al. SSG 30 3.27 £0.18 3.23+0.14 —-1.2
(2019)
Arslan et al. (2020) roHIT 10 5.00 £ 0.34 4.66 £+ 0.29 —6.8
Faude et al. (2014) rbHIT 10 4.12+0.13 4.09 £ 0.11 -0.7
Jastrzebski et al. roHIT 11 4.66 + 0.22 4.62 £0.22 -0.9
(2014)
Radziminski et al. rbHIT 11 4.80 +0.28 477 +£0.24 —-0.6
(2013)
Stojilikovi¢ et al. roHIT 30 3.36 +£ 0.21 3.22 £ 0.11 —4.2
(2019)
RCT, randomized-controlled trial; n, number of participants per group; SD, standard deviation; SSG, small-sided game; roHIIT, running-based HIIT.
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Arslan et al., 2020 0.000 0.428 0.183 -0.839 0.839 0.000 1.000 B E——
Faude et al., 2014 0.261 0.441 0.194 -0.604 1.125 0591 0.555 L
Jastrzebski et al., 2014 0.409 0.415 0.172 -0.404 1222 0985 0325 L
Radziminski et al., 2013 0.030 0.431 0.185 -0.814 0874 0.069 0945 —_——
Stojiljkovic et al., 2019 0.784 0.265 0.070 0265 1.303 2.962 0.003 —B—
0.418 0.166 0.028 0.091 0.744 2508 0.012 <>
-2.20 -1.10 0.00 1.10 2.20
Favours SSG Favours HIIT
FIGURE 2 | Forest plot of between-mode effect sizes (Hedges's g) with 95% confidence intervals (Cls) in sprinting time. SSG, small-sided games; HIIT, running-based
high-intensity interval training.

revealed a significant favorable effect of running-based HIIT on
linear sprinting, while no significant differences were found for
vertical jumping and change-of-direction.

SSGs’ vs. Running-Based HIIT
Interventions’ Effects on Linear Sprinting
Time

While there are similarities between SSGs and real games,
several factors differentiate them (Clemente, 2020). Determinant
external load outcomes, such as high-speed running, sprinting,
or accelerations, reveals that SGGs underexpose soccer players to
the typical demands of a real game (Gabbett and Mulvey, 2008;
Casamichana et al.,, 2012; Clemente et al., 2019; Dalen et al,,
2019). Regarding sprinting, it is necessary to have longitudinal
distance as well as opportunities to reach velocity (Nassis et al.,
2019) and such fact it is difficult in SSG scenarios in which the
pitch is smaller than that of a normal game.

One study revealed that 5 vs. 5, 6 vs. 6, and 9 vs. 9
formats produced, respectively, high-speed running (i.e., running
between 19.8 and 25km/h) mean values of 0, 1.5, and 2.0
m/min, respectively; in official matches, the mean values of the
same players was 5 m/min (Clemente et al., 2019). This finding
was possibly due to the reduced longitudinal space of the SSG
pitch. In the specific case of sprinting (>25km/h), even greater
differences were observed. In 4 vs. 4 and 6 vs. 6 SSG formats,
players achieved a mean of 0.2 m/min (vs. 1.7 m/min in an
official match) (Dalen et al., 2019). Thus, it is expected that
even in larger SSGs (Hill-Haas et al., 2008b), the variability of
the games may not expose players to a significant amount of
linear sprinting. This, in turn, may have consequences related
to the adaptations promoted by SSG-based interventions when
compared to running-based interventions (e.g., HIIT) (in the
different modes).

The five studies included in this review (Radziminski et al.,
2013; Faude et al., 2014; Jastrzebski et al,, 2014; Stojiljkovi¢
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Study name Statistics for each study Hedges's g and 95% CI
A Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Arslan et al., 2020 0.970 0.280 0.078 0.421 1518 3.464 0.001
Faude et al., 2014 0.224 0.227 0.052 -0.221 0.670 0986 0.324
Jastrzebski et al., 2014 0.168 0217 0.047 -0.258 0.594 0.772  0.440
Radziminski et al., 2013 0.105 0.216 0.047 -0319 0.529 0484 0.628
Stojiljkovic et al., 2019 0.684 0.154 0.024 0382 0985 4.446 0.000
0.422 0.158 0.025 0.111 0.732 2.664 0.008 <>
-2.00 -1.00 0.00 1.00 2.00
Detrimental Favorable
B
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Arslan et al., 2020 0.986 0.282 0.079 0434 1.538 3.501 0.000
Faude et al., 2014 0.000 0.233 0.054 -0.457 0.457 0.000 1.000
Jastrzebski et al., 2014 -0.222 0.219 0.048 -0.650 0.207 -1.013 0.311
Radziminski et al., 2013 0.049 0.233 0.054 -0.408 0.506 0.210 0.834
Stojiljkovic et al., 2019 0.233 0.140 0.020 -0.040 0.507 1.671  0.095
0.186 0.170 0.029 -0.148 0.519 1.092 0.275
-2.00 -1.00 0.00 1.00 2.00
Detrimental Favorable
FIGURE 3 | Forest plot of within-mode effect sizes (Hedges's g) with 95% confidence intervals (Cls) in sprinting time. (A) HIIT, running-based high-intensity interval
training; (B) SSG, small-sided games.

TABLE 6 | Summary of the included studies and results of vertical height jump before and after SSG-based and running-based HIIT intervention.

Study Design N Before After Before-After
Mean + SD Mean + SD (A %)
Arcos et al. (2015) SSG 7 427 +£24 420+28 -1.6
Arslan et al. (2020) SSG 10 285+25 31.3+1.9 9.8
Faude et al. (2014) SSG 9 38.1+4.7 37.5+4.6 -1.6
Stojiljkovi¢ et al. SSG 30 41.6+4.8 426 £4.3 2.4
(2019)
Arcos et al. (2015) rbHIT 8 428 £ 4.6 424 +438 -0.9
Arslan et al. (2020) rbHIT 10 282+20 30.6+1.8 8.5
Faude et al. (2014) roHIIT 10 38.5+4.0 37.3+4.0 -3.1
Stojiljkovi¢ et al. roHIIT 30 39.8+4.8 46.5+6.5 16.8

(2019)

C, controlled; NC, non-controlled; n, number of participants per group; SD, standard deviation; SSG, small-sided game; rbHIIT, running-based HIIT:

et al., 2019; Arslan et al., 2020) include a meta-comparison that
revealed a significant favorable effect of running-based HIIT on
linear sprinting. Additionally, a within-group analysis revealed
a significant positive effect of running-based HIIT and a non-
significant effect of SSG interventions.

It is fair to compare the protocols used among the included
studies. For example, four of the studies (Faude et al., 2014;
Jastrzebski et al., 2014; Stojiljkovi¢ et al., 2019; Arslan et al., 2020)
compared short-interval HIIT (15 s-to-15 s of work-to-rest) with
long-interval SSG (2.5 min-to-4 min). Thus, it is admissible that,

bioenergetically, the conditions of interventions are not the same.
Additionally, SSG formats varied between 2 vs. 2 (Arslan et al,,
2020) and 4 vs. 4 (Faude et al., 2014; Stojiljkovic et al., 2019) with
a range of 18- (Radziminski et al., 2013; Jastrzebski et al., 2014)
to 40-m length (Faude et al., 2014). Under such conditions, it is
realistic to assume that sprinting will not occur very often during
SSGs, with natural differences in mechanics and neuromuscular
stimulus comparing to running-based HIIT.

Despite those differences in experimental conditions, it
is plausible that running-based HIIT (namely, short-interval
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Arcos et al., 2015 0.071 0.487 0237 -0.885 1.026 0.145 0.885 I
Arslan et al., 2020 -0.207 0.430 0.185 -1.049 0.635 -0.482 0.630 L
Faude et al., 2014 -0.134 0.439 0.193 -0.995 0.728 -0.304 0.761 L
Stojiljkovic et al., 2019 1.021 0.271 0.074 0.489 1.553 3.762 0.000
0.248 0.347 0.120 -0.432 0928 0.716 0474 <:>
-2.00 -1.00 0.00 1.00 2.00
Favours SSG Favours HIIT
FIGURE 4 | Forest plot of between-mode effect sizes (Hedges’s g) with 95% confidence intervals (Cls) in vertical height jump. SSG, small-sided games; HIIT,
running-based high-intensity interval training.
Study name Statistics for each study Hedges's g and 95% CI
A Hedges's Standard Lower Upper
g error  Variance  limit limit Z-Value p-Value
Arcos et al., 2015 -0.076 0.244 0.059 -0.554 0402 -0.310 0.757
Arslan et al., 2020 1.146 0.299 0.090 0.559 1.732 3.829 0.000
Faude et al., 2014 -0.274 0.229 0.052 -0.723 0.174 -1.198 0.231
Stojiljkovic et al., 2019 1.087 0.175 0.031 0.743 1431 6.196 0.000
0.468 0.382 0.146 -0.281 1.217 1225 0.221
-2.00 -1.00 0.00 1.00 2.00
Detrimental Favorable
B
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance  limit limit Z-Value p-Value
Arcos et al., 2015 -0.230 0.259 0.067 -0.738 0277 -0.889 0.374
Arslan et al., 2020 1.107 0.295 0.087 0.529 1.685 3.754 0.000
Faude et al., 2014 -0.117 0.234 0.055 -0.575 0342 -0.498 0.619
Stojiljkovic et al., 2019 0212 0.139 0.019 -0.061 0.485 1523 0.128
0.222 0.242 0.059 -0.253 0.696 0916 0.360
-2.00 -1.00 0.00 1.00 2.00
Detrimental Favorable
FIGURE 5 | Forest plot of within-mode effect sizes (Hedges's g) with 95% confidence intervals (Cls) in vertical height jump. (A) HIIT, running-based high-intensity
interval training; (B) SSG, small-sided games.

and more specific modes as repeated sprint training or
sprint interval training) can be highly efficient in promoting
positive adaptations when compared to SSGs, mainly
because of the bioenergetic and mechanical conditions
(Buchheit and Laursen, 2013b).

SSGs’ vs. Running-Based HIIT
Interventions’ Effects on Vertical Height
Jump

Vertical jumping performance can be strongly influenced by
strength and power, as well as determinant mechanisms such as
limb morphology, stiffness, or contractile and elastic elements

(Olberding et al., 2019). Different strength and power training
methods—namely, the well-known plyometric training (or
reactive strength training), which is often used in soccer—
have led to positive adaptations (Ramirez-Campillo et al., 2020;
van de Hoef et al.,, 2020). However, sprint and CODt training
methods have also shown some positive effects on vertical
jumping performance, according to a meta-analysis conducted in
soccer (Garcia-Ramos et al., 2018).

In the current SRMA, none of the groups (SSG and running-
based HIIT) had significant benefits on jumping performance
after interventions. Additionally, no significant differences were
found between groups. These findings are reasonable considering
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that both groups were focused on short- and long-interval
running (Faude et al., 2014; Arcos et al, 2015; Stojiljkovi¢
et al, 2019; Arslan et al., 2020), while none used maximal
running methods such as repeated sprint training or sprint
interval training (Buchheit and Laursen, 2013a). Even when
sprinting training methods are applied, it is not likely to observe
improvements other than in neuromuscular-dedicated methods
(e.g., plyometric training or power training) considering the type
of neuromuscular stimulus or even the direction of force applied
(Garcia-Ramos et al., 2018).

Possibly, SSGs and running-based HIIT interventions would
both benefit from more specific strength and power training
methods to improve jumping performance. Some examples
of concurrent training benefits combining running-HIIT and
strength/power training on vertical jumping have been reported
(Wong et al., 2010; Silva, 2019). Additionally, in a cohort study
combining SSG-based periodization and a strength training
program, significant positive effects were observed on squat
and CMJs (Querido and Clemente, 2020). Thus, SSG-based
and running-HIIT might both benefit from more specific
strength and power training methods for improving this
determinant quality.

SSGs’ vs. Running-Based HIIT
Interventions’ Effects on Change of

Direction Time

Because SSGs are often played on smaller pitches than real games,
many quick changes of direction and accelerations/decelerations
may occur, both with and without the ball (Clemente, 2020).
Although a few specific-oriented interventions have compared
SSGs and multidirectional running (in soccer and Australian
football), inconsistent findings have been presented (Chaouachi
et al, 2014; Young and Rogers, 2014). For example, a
study comparing SSG and multidirectional running in soccer
revealed significant improvements among a running group
on change of direction tests without the ball, while the
SSG group exhibited significant improvements on drill-based
tests (Chaouachi et al., 2014).

In the current SRMA, a very limited number of studies were
included regarding the effects on CODt (Faude et al., 2014;
Stojiljkovic et al., 2019; Arslan et al, 2020). No significant
differences were observed between SSGs and running-based HIIT
on CODt, but the within-group analysis revealed significant
improvements in the running-based HIIT group and no
significant changes in SSG-group. One possible explanation
for the non-significant effect of SSG is that only COD tests
without the ball were included as outcomes. Naturally, this would
influence the final result as previously reported (Chaouachi
et al., 2014). Moreover, COD, accelerations, and decelerations
occurring in SSGs can be highly variable both between players
and within players (from repetition to repetition and session to
session) (Clemente, 2020). This could affect the consistency of
the stimulus on the players.

On the other hand, running-based HIIT generated significant
benefits on CODt, perhaps because all the included studies
(Faude et al., 2014; Stojiljkovi¢ et al., 2019; Arslan et al., 2020)

used short-interval training with COD, thus eliciting a greater
velocity while running with a direct transfer on how the COD
is performed (Beato et al., 2019).

Potential Limitations, Directions for Future

Research, and Practical Implications

A possible limitation of this SRMA is that it only included
articles written in English published on the Web of Science,
Scopus, SPORTDiscus, and PubMed databases. A such, some
relevant publications could have been overlooked. Among the
revised parallel studies, some methodological limitations were
also found. For example, the training interventions did not
have similar protocols across studies (e.g., short intervals vs.
long intervals), which could have influenced the final results.
Additionally, the formats and pitch configurations of the SSGs
were very small. As a result, the players did not have longitudinal
distances to cover, and this could have affected outcomes related
to distance-related qualities (e.g., sprinting). Thus, it is highly
recommended that future research include different formats and
larger pitches, thus allowing different physical demands to be
fairly assessed.

Despite the limitations presented in the included parallel
studies, it was observed that SSG-based interventions had no
significant effect in any of the outcomes included. Also, running-
based HIIT was significantly better than SSG in terms of linear
sprinting. This suggests that, despite the apparent positive aspects
of SSGs in some respects (e.g., aerobic performance) (Moran
et al., 2019), the capacity of SSGs to enhance different physical
qualities in soccer is limited (as is true of any training method).

However, this does not mean that SSGs cannot be used.
Instead, SSGs could be used in combination with other
approaches. For example, combining SSGs and running-based
HIIT could be beneficial to soccer players. Two promising
original studies using such an approach revealed the positive
effects of this combination on aerobic performance (Harrison
et al., 2015) and final velocity reached on the 30-15 Intermittent
Fitness Test (Rabbani et al., 2019). Thus, in future research,
the effects of such a combination on sprinting, jumping, and
CODt performance can be compared to the effects of SSGs or
running-based HIIT alone.

Additionally, a combination of SSG with strength/power
training could represent an interesting solution and could
have practical implications considering the promising findings
revealed by a cohort study (Querido and Clemente, 2020).
Naturally, the experimental protocols and methodological quality
of future studies should be improved, by considering bias as
concurrent effects of training loads, fitness status or other
constraints. Additionally, randomized controlled trials should be
used, and the magnitude of changes should be determined using
different frequencies, volumes, and intensities of stimuli.

Finally, among the included studies, none were conducted
in women or adults (amateurs or professionals). All of them
were conducted in youth male soccer players. This represents
a glaring gap in the literature that should be progressively
corrected. Additionally, as an experimental approach, it is also

Frontiers in Physiology | www.frontiersin.org

10

March 2021 | Volume 12 | Article 642703


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Clemente et al. SGGs vs. HIIT: A Meta-Analysis

TABLE 7 | Summary of the included studies and results of change-of-direction time before and after SSG-based and running-based HIIT intervention.

Study Design N Before After Before-After
Mean + SD Mean + SD (A%)
Arslan et al. (2020) SSG 10 6.9+0.2 6.7+0.2 —-2.9
Faude et al. (2014) SSG 9 79+0.2 79+0.3 0
Stojilikovi¢ et al. SSG 30 149+04 151+ 0.6 1.3
(2019)
Arslan et al. (2020) roHIT 10 71+0.2 6.9+0.2 -2.8
Faude et al. (2014) roHIT 10 79+0.3 7.7+04 —-2.5
Staojilikovi¢ et al. rbHIT 30 16.7 £0.5 149+04 —-5.1
(2019)

C, controlled; NC, non-controlled; n, number of participants per group; SD, standard deviation; SSG, small-sided game; rbHIIT, running-based HIIT.

St name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit limit 7Z-Value p-Value
Arslan et al., 2020 -0.000 0.428 0.183 -0.839 0.839 -0.000 1.000
Faude et al., 2014 0.536 0.447 0.200 -0.341 1.413 1.198  0.231

Stojiljkovic et al., 2019 1.936 0.310 0.096 1328 2.544 6.242 0.000
0.853 0.630 0.397 -0.381 2.088 1.355 0.175

-3.00 -1.50 0.00 1.50 3.00

Favours SSG Favours HIIT

FIGURE 6 | Forest plot of between-mode effect sizes (Hedges's g) with 95% confidence intervals (Cls) in change-of-direction. SSG, small-sided games; HIIT,
running-based high-intensity interval training.

Study name Statistics for each study Hedges's g and 95% CI
A Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Arslan et al., 2020 0914 0.274 0.075 0377 1452 3333 0.001
Faude et al., 2014 0.495 0240  0.057 0.025 0965 2.063 0.039 ——

Stojiljkovic et al., 2019 1.674 0217 0.047 1249 2.099 7.722 0.000
1.035 0.368 0.136 0313 1.757 2.809 0.005

-2.50 -1.25 0.00 1.25 2.50
Detrimental Favorable
B
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Arslan et al., 2020 0914 0.274 0.075 0377 1452 3333 0.001
Faude et al., 2014 0.000 0.233 0.054 -0.457 0.457 0.000 1.000
Stojiljkovic et al., 2019 -0.352 0.142 0.020 -0.630 -0.073 -2.474 0.013 -
0.158 0.357 0.127 -0.541 0.858 0.443 0.657
-2.00 -1.00 0.00 1.00 2.00
Detrimental Favorable

FIGURE 7 | Forest plot of within-mode effect sizes (Hedges's g) with 95% confidence intervals (Cls) in change-of-direction. (A) HIIT, running-based high-intensity
interval training; (B) SSG, small-sided games.
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important to start reporting data for responders and non-
responders while also noting the influence of specific factors
as baseline levels, maturation status, or load accumulated in a
field-based training context.

CONCLUSIONS

This SRMA aimed to compare the effects of SSG and running-
based HIIT interventions on linear sprint performance,
vertical jump, and change of direction performance. In
short, running-based HIIT vyielded significantly greater
improvements than SSG-based interventions in terms of
sprinting performance, while no significant differences were
found for jumping performance and CODt. The within-
group analysis revealed no significant benefits of SSG-based
interventions on any of the outcomes, while running-based HIIT
presented significant positive effects for linear sprinting and
COD performance.

Despite similarities of SSGs and running-based HIIT in
improving aerobic performance, it seems that effects are not the
same in powerful actions as sprinting, vertical jump, or COD.
Therefore, it may be not prudent to totally replace running-
based methods with SSGs. Combining SSG and running-
based HIIT may be a possible alternative. Another alternative
training method involves implementing strength and power
interventions as part of the standard supplementation of SSG-
based periodization.
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