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Abstract

Background Sided games (i.e., small sided, medium sided, large sided) involve tactical, technical, physical, and psycho-
logical elements and are commonly implemented in soccer training. Although soccer sided-games research is plentiful, a
meta-analytical synthesis of external load exposure during sided games is lacking.

Objective The objective of this systematic review and meta-analysis was to: (1) synthesize the evidence on high-speed and
sprint running exposure induced by sided games in adult soccer players, (2) establish pooled estimates and intra-individual
reliability for high-speed and sprint running exposure, and (3) explore the moderating effects of game format and playing
constraints.

Methods A literature search was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 guidelines. Four databases (PubMed/MEDLINE, Scopus, SPORTDiscus, Web of Science Core Collec-
tion) were systematically searched up to 25 January, 2022. Eligibility criteria were adult soccer players (population); training
programs incorporating sided games (intervention); game manipulations including number of players, pitch dimension, and
game orientation (comparator); and high-speed, very high-speed, and sprint relative (m'min~") running distances and asso-
ciated intra-individual reliability (outcome). Eligible study risk of bias was evaluated using RoOBANS. Pooled estimates for
high-speed and sprint running exposure, and their intra-individual reliability, along with the moderating effect of tracking
device running velocity thresholds, pitch dimension (i.e., area per player), and game orientation (i.e. score or possession),
were determined via a multi-level mixed-effects meta-analysis. Estimate uncertainty is presented as 95% compatibility
intervals (CIs) with the likely range of relative distances in similar future studies determined via 95% prediction intervals.
Results A total of 104 and 7 studies met our eligibility criteria for the main and reliability analyses, respectively. The range of
relative distances covered across small-sided games, medium-sided games, and large-sided games was 14.8 m'min~' (95% CI
12.3-17.4) to 17.2 m'min~" (95% CI 13.5-20.8) for high-speed running, 2.7 m'min~" (95% CI 1.8-3.5) to 3.6 m'min~' (95%
CI 2.3-4.8) for very high-speed running, and 0.2 m'min~"' (95% CI 0.1-0.4) to 0.7 m'min~"' (95% CI 0.5-0.9) for sprinting.
Across different game formats, 95% prediction intervals showed future exposure for high-speed, very high-speed running,
and sprinting to be 0-46.5 m'min~', 0-14.2 m'min~!, and 0-2.6 m'min~", respectively. High-speed, very high-speed run-
ning, and sprinting showed poor reliability with a pooled coefficient of variation of 22.8% with distances being moderated
by device speed thresholds, pitch dimension, and game orientation.

Conclusions This review is the first to provide a detailed synthesis of exposure and intra-individual reliability of high-speed
and sprint running during soccer sided games. Our estimates, along with the moderating influence of common programming
variables such as velocity thresholds, area per player, and game orientation should be considered for informed planning of
small-sided games, medium-sided games, and large-sided games soccer training.

Clinical Trial Registration Open Science Framework available through https://osf.io/adxr2/.
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In view of the extensive use of sided-games training in
soccer, we synthesized the evidence on high-speed and
sprint running exposure induced by sided games in adult
soccer players, established pooled estimates and the
associated intra-individual reliability for these external
training load measures, and explored the moderating
effects of a sided-game format and playing constraints.

Relative high-speed, very high-speed, and sprint running
exposure induced by sided games, irrespective of format,
are not comparable to the corresponding outcomes
reported for regular 11-a-side soccer matches.

High-speed external load measures are highly variable,
irrespective of a sided-game format.

We provide robust evidence for coaches and practition-
ers when manipulating playing constraints such as the
relative area per player, the game orientation, and the
pitch length-to-width ratio, and calibrating the velocity
thresholds of tracking devices to predict high-speed, very
high-speed, and sprint running exposure expected from
sided-games training.

To help users intuitively visualize the findings of the
meta-analytical and meta-regression models as well as to
predict expected high-speed, very high-speed, and sprint
running exposure scenarios upon planning soccer sided-
games training, we developed a web application called
“Sided-games Training App”.

1 Introduction

Sided games have been part of the soccer coaching lexi-
con since the 1960s with the early documented publications
describing their use for coaching the principles of play
through mimicking technical and tactical soccer-playing
scenarios [1, 2]. In the last two decades, sided games are a
prevalent training method implemented by soccer coaches
and practitioners [3], and they are widely adopted as game-
based coaching pedagogical approaches in many worldwide
talent developmental programs [4—6]. This widespread use
of sided games in applied settings has attracted interest
among sport scientists and researchers resulting in an expo-
nential proliferation of research examining sided-games con-
struct validity [7—13] through the associated physiological
responses [7, 8, 14, 15] as well as defining evidence-based
methodological recommendations for appropriate prescrip-
tion and implementation [3, 9, 14, 16—18].

Sided games are modified games of short durations (e.g.,
2-5 sets X 2—-10 min) played on reduced pitch areas (e.g.,
15 x 10 m? up to 90 x 60 m?), often using adapted rules
(e.g., scoring methods, permitted actions, specific tactical
instructions) and involving fewer players (e.g., 2 vs 2 up to
10 vs 10 with or without goalkeepers) than traditional soc-
cer match play [15, 16]. Conceptually, the foremost ration-
ales for the use of sided games are specificity and efficiency
[19], as the multi-dimensional demands of competitive soc-
cer match (i.e., technical skills [20-22], tactical instructions
[17,23-25] and physical performance [18, 21, 23, 26]) can
be replicated selectively or concurrently via bespoke game
format configurations. Accordingly, in the soccer scientific
literature, sided games are referred to as skill-based, game-
based, or conditioning-based training depending on whether
coaching prioritizes technical, tactical, or physical develop-
ment, respectively [12, 22, 27]. Sided games are an inte-
grated training method deemed to concurrently target sev-
eral training goals such as: (1) to induce acute physiological
responses (i.e., heart rate and maximal oxygen consumption)
of comparable or greater intensity than matches [7, 8, 15, 25,
26, 28], which accumulating over time may induce positive
fitness adaptations [9, 14]; (2) to replicate tactical behaviors
of competitive match play while requiring players to make
decisions and execute technical actions under ecological
contextual constraints (e.g., opponents and fatigue) [4, 12,
17, 23, 24]; (3) to mimic the intermittent activity profile
and physical demands (i.e., external load traits) of a soccer
match whereby transfer effects on surrogate measures (e.g.,
accelerations, decelerations, sprints, and changes of direc-
tion) of soccer-specific performance are expected [18, 21,
23, 25, 26, 29, 30]; and (4) to increase player engagement
and motivation due to ball integration [31-34]. Furthermore,
sided games are also promoted as a holistic talent identifi-
cation tool to discriminate between more and less talented
youth players. In particular, players rated as more talented by
their coaches are also more successful during sided games
regardless of their team combinations and capable of cover-
ing a greater distance and playing at a higher speed com-
pared with less talented peers. Thus, standard sided-games
formats have the potential to be used to identify individu-
als with the capability to perform more successfully at the
11-a-side level [35-37].

While sided games constitute a specific training solution
in soccer, their eligibility as a “One Size Fits All” method
has been recently questioned by assumptions pointing to
some practical limitations worthy of consideration [38,
39]. For example, the physical responses to sided games
are influenced by many training variables such as the for-
mat and volume (e.g., number of games, duration, and
rest intervals) or the technical and tactical dimensions of
sided games as well as the individual player characteris-
tics (i.e., including sex, training background, and baseline
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fitness level or even other mental and psychological aspects)
[40]. From a validity construct, the concept of specificity
is the leading rationale justifying the use of sided-games
training to replicate match demands and induce an over-
loading stimulus in a match-like approach. However, while
the overall relative external load intensity (relative dis-
tance [m-min~']) is comparable between sided games and
matches, studies investigating high-speed and sprint run-
ning distances between sided games and official matches
do not support this validity assumption as the high-speed
external load measures are largely disparate [41-44]. In this
regard, high-speed and sprint running distances in official
matches have considerably increased over the last 15 years
(~29% increase and ~ 50% increase, respectively), and now
represent ~7-11% and ~ 1-3% of the total distance cov-
ered during a match, respectively [45, 46]. Furthermore,
high-speed and sprint activities are also considered as key
determinants for successful outcomes during scoring situ-
ations [47-49]. Finally, the intra-individual variability of
high-speed and sprint exposure to sided games is yet to be
adequately elucidated.

In a recent systematic review [50], Clemente and col-
leagues collected longitudinal studies reporting reliability
data and those purposefully designed to investigate the reli-
ability of load outcomes observed during sided games. The
authors highlighted poor inter-individual reliability espe-
cially for high-speed running and sprint distances [11, 29,
39, 42, 51-56]. This evidence is an important step in the
right direction as it summarizes the inter-individual vari-
ability of training load measures during sided games. How-
ever, the authors neither established pooled estimates of the
inter-individual reliability scores nor, and more importantly,
provided any insights on the intra-individual reliability of
high-speed and sprint running distances. Given that a vari-
ety of sided-games formats are regularly used in training,
comprehensive knowledge of their effect on high-speed
and sprint running exposure, as well as the intra-individual
reliability of these measures, would appear paramount for
a thorough and informed prescription of individual internal
and external training loads and for the subsequent evaluation
and planning of the training effects.

The evidence on sided games in soccer is noticeably
extensive as recently confirmed in an umbrella review
encapsulating the systematic reviews and meta-analyses
performed on this topic [3]. Here, authors reported the find-
ings of eight systematic reviews and two meta-analyses [4,
15, 16, 30, 57-60] summarizing the short-term and long-
term effects of sided-games on a variety of physiologi-
cal, physical, and psychological characteristics as well as
technical-tactical dimensions. The available literature on
sided games in soccer and the recent contribution of Cle-
mente et al. [3] are certainly relevant to guide the planning,
design, and implementation of sided games among soccer

coaches and practitioners. However, a critical revision of
the same literature uncovers three key aspects that warrant
further consideration: (1) external load measures of high-
speed and sprint running exposure for different sided-games
formats were reported only in one systematic review [30]
from the eight synthesized by Clemente et al. [3]; (2) a meta-
analytical synthesis of the pooled estimates pertaining to
these external load metrics has yet to be performed, and (3)
the intra-individual variability in response to sided games
is underdetermined. Knowledge on these aspects holds a
potential practical impact, with the anticipated evidence
readily informing implementation of sided-games training
in applied settings as well as likely guiding future directions
in soccer research. A rigorous synthesis of the current sided-
games literature is therefore warranted.

Accordingly, the aims of this systematic review and meta-
analysis were to synthesize the existing evidence on high-
speed and sprint running exposure induced by sided games
in adult soccer players, and to establish pooled estimates for
these external training load measures as well as the associ-
ated intra-individual reliability, while exploring the moderat-
ing effects of sided-games formats and playing constraints.
Importantly, our review is confined to high-speed and sprint
running exposure, not the effectiveness of sided-games train-
ing as a fitness intervention.

2 Methods
2.1 Searching Strategy

This systematic review and meta-analysis were conducted
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020 guide-
lines [61, 62] (items checklist available in the Electronic
Supplementary Material [ESM]), alongside the consensus
statement for reviews in Exercise, Rehabilitation, Sport
medicine and SporTs science (PERSiST) [63], and was reg-
istered [64] in the Open Science Framework (https://osf.io/
¢h792) on 4 March, 2021. Two reviewers (ADI, TS) and a
senior librarian with ~ 15 years of experience in conducting
systematic searches for meta-analyses in sport performance
fields independently performed standard and optimized
electronic searches using the PubMed/MEDLINE, Scopus,
SPORTDiscus and Web of Science Core Collection data-
bases, from inception to 28 April, 2021 (further details in
the ESM: https://osf.io/28vap).

The research questions were defined by the PICOS
approach:

e Population male and female football/soccer players with
aged 17 years or older.
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e [ntervention sided games performed as part of regular
soccer training, irrespective of training intervention dura-
tion.

e Comparator sided-games format characteristics of num-
ber of players, pitch dimension, and inclusion or not of
goalkeepers.

e QOutcomes external load metrics of high-speed, very high-
speed, and sprint running distances exposure and associ-
ated intra-individual reliability scores.

e Study design any quantitative research design that met
the above criteria.

The search criteria and strategy were based on author-
ship expertise and familiarity with soccer sided-games ter-
minology. Relevant keywords for each search term were
determined through pilot searching (screening of titles,
abstracts, keywords, and full texts of previously known
studies). An overview of the search strategy is presented
in Table 1. Additionally, we screened the reference lists of
included studies, contacted experts in the field (e.g., authors
of included studies), and regularly searched for information
on additional trials, including unpublished or ongoing stud-
ies through the ResearchGate network (http://www.resea
rchgate.net) and Twitter websites (http://www.twitter.com).
All searches were finally updated on 25 January, 2022. On
the same date, we also screened for any correction notice,
expression of concern, retraction, and removal pertaining
to the final pool of studies included in the meta-analysis to
ensure the integrity of the scholarly record and the accuracy
of the data.

2.2 Screening Strategy and Study Selection
Two reviewers (ADI, TS) assessed relevant records, which

were downloaded into Endnote (version 20; Clarivate Ana-
lytics, Philadelphia, PA, USA) and then to a Microsoft®

Table 1 Searching strategy

Excel spreadsheet (Microsoft, Redmond, WA, USA). Dupli-
cate records were identified and removed, and an assess-
ment of the remaining studies was undertaken sequentially
(i.e., criteria 1-7) according to the inclusion—exclusion cri-
teria described in Table 2. Regarding inclusion criteria 4
(i.e., age of the participants), we decided to include players
aged 17 years and older although from a chronological age
perspective they may not be considered adult. However, at
this age they are clearly post-peak height velocity, and con-
sequently, biological maturity status is not a confounding
factor for any of the outcome measures [65, 66]. Based on
the other criteria, more studies were discarded, and full-text
studies finally retrieved and assessed independently by both
reviewers for inclusion scrutiny.

2.3 Data Extraction and Coding

Two reviewers (ADI, TS) independently extracted data
using a dedicated form (see ESM: https://osf.io/4jbhg).
Independent screening results were then combined, and
any disagreements were resolved by consensus discussion
(n=6). For studies meeting the final inclusion criteria, the
following data were extracted: (1) bibliographic informa-
tion, (2) player characteristics: sample size, sex, age, and
competitive level; (3) sided-games characteristics: format,
dimensions (length X width), length:width ratio (AU), area
per player (m?), configuration (sets x duration [min]), recov-
ery between sets (min), game orientation, presence of coach
encouragement and number of touches (n); (4) load moni-
toring technology details: model, sampling frequency (Hz),
velocity category and respective thresholds; and (5) sum-
mary statistics included in the meta-analysis.

As a means of data reduction and to facilitate the meta-
analytical and meta-regression analyses, the following
decisions were made in line with the literature on soccer
sided games [3, 67-69] as well as upon reaching consensus

Level 1
Level 2

Football OR soccer OR "football player*" OR "football athlete*" OR "soccer player*" OR "soccer athlete*"
"Small-sided games" OR SSG OR SSGs OR "game-based training" OR "condition* game" OR "condition*

drill" OR "standard* drill" OR "standard* game" OR "position* game" OR "position* drill"

Level 3

"External load*" OR "external training load*" OR "external TL" OR "physical demand*" OR performance

OR "run* performance" OR "physical performance” OR activ* OR intens* OR "movement pattern" OR
"time-motion" OR "activ* profile" OR "high-speed run*" OR "high-speed distance" OR "high-intensity
run*" OR "high-intensity distance*" OR sprint*

Level 1 AND Level 2 AND Level 3. Note: For the systematic search of eligible articles, two complementary searching strategies were used.
The first, as detailed above, was based on a traditional searching process implementing keywords merged within and between levels by using
the Boolean operators OR and AND, respectively. These operators were applied to ALL FIELD in PubMed/MEDLINE, Web of Science, and
SPORTDiscus and to Article title, Abstract, and Keyword in Scopus. Moreover, no filters or automatic tools were used for the searching pro-
cess. Then, following consultation with a senior librarian, an expert in designing searching strategies for systematic review and meta-analysis
articles, the searching strategy was optimized using proximity operators to merge keywords across different levels. Briefly, the operator W/3
was used in Scopus and SPORTDiscus bibliographic databases, while the operator near/3 was used to replicate the search in the Web of Science
bibliographic database. Finally, a similar optimized strategy was performed in PubMed/MEDLINE by adding the use of search filters containing
Medical Subject Headings (MeSH). Full details of the two complementary searching strategies are available in the ESM
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Table 2 Inclusion—exclusion criteria of studies to be included in the systematic review and meta-analysis

Exclusion

Criteria Inclusion

Studies reporting combined training and match data

Relevant sided-games topic (e.g., format characteristics, number of players, pitch dimen-

12

sion, inclusion or not of goalkeepers)

Reviews, surveys, opinion pieces, books, periodicals, editorials, case studies, non-aca-

Original research study

2

demic/non-peer-reviewed text

No access to full text in English

Full text available in English

Youth players (aged younger than 17 years) or non-soccer players (e.g., other team sports)

Participants are soccer players of any sex and with an age of 17 years or older

42
58

Intervention studies with a single group for pre-post intervention comparisons where train-

Observational studies

ing responses could not be extrapolated

High-speed running and sprint distances outcomes not collected or defined according to

High-speed running, very high-speed running, and sprint distances outcomes defined

6a

individual thresholds not clearly reported, or not attainable

according to fixed-speed thresholds and collected with tracking systems (e.g., global

navigation satellite system, local positioning system, camera-based system)

Reliability data not accessible or attainable

Reliability data (e.g., intra-individual technical error of measurement or coefficient of

7a

variation) reported, calculated from the descriptive data reported in the manuscript, or

calculated from raw data provided by authors following contact

Criteria defined by the PICOS approach

between the authors of this review. To illustrate, the sided-
games formats were grouped based on the number of players
in:

— small-sided games (SSG): 2v2 to 4v4;
— medium-sided games (MSG): 5v5 to 7v7;
— large-sided games (LSG): 8v8 to 10v10.

This categorization was made considering only the num-
ber of outfield players (i.e., excluding the goalkeepers).
Unbalanced game formats (i.e., different number of players
per team) were coded as follows:

— If the additional players moved only outside of the play-
ing area (e.g., bouncers and floaters), the sided game was
coded based on the number of outfield players regardless
of the number of additional players (e.g., 4v4 +1/2/3/4
bouncers/floaters — 4v4).

— If the additional players actively took part in the game
and were allowed to move within the playing area (e.g.,
jollies and wildcards), then two further criteria were
applied:

a) When the numerical advantage provided by the
additional players was < 50%, the sided game was
coded based on the number of outfield players (e.g.,
4v4 4+ 2 jollies and 6v6 + 3 jollies — 4v4 and 6v6,
respectively).

b) When the numerical advantage provided by the addi-
tional players exceeded 50%, the sided game was
discarded and not included in the meta-analysis
(e.g., 4v4 + 3 jollies and 6v6 +4 jollies — no for-
mat), as it was considered as a tactical drill rather
than a sided game.

The relative areas per player were recalculated for studies
where goalkeepers were not considered in the original cal-
culation. Accordingly, areas per player were adjusted for the
total number of players and reflected the effective relative
playing areas. Considering the game orientation variable,
formats were coded either as score oriented or possession
oriented if they included or did not include goalkeepers or
mini goals, respectively. Regarding the summary statistics,
we calculated “overall exposure” measures as the aggregated
distances across the external load outcomes from the same
sample, with a minimum velocity threshold corresponding to
the lower bound of the high-speed running band and a maxi-
mum velocity threshold set at infinite (Note: four studies had
a fixed maximum velocity threshold rather than an infinite
value) as to include any distance above the sprint distance
threshold. To this end, we calculated the mean of the overall
exposure measures as the arithmetic sum of the means of the
different external load outcomes (i.e., X; +X, and X; + X, + X3
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when aggregating two or three external load outcomes,
respectively). The aggregated standard deviation (6,4,) Was
calculated according to the variance sum law for dependent
variables [70]. We provide a comprehensive description of
the procedural steps of this approach in the ESM (https://
osf.io/vsr4d). Intra-individual reliability was expressed as a
relative measure of reliability (i.e., coefficient of variation
[CV; %]) and calculated according to Hopkins [71]. Effect
sizes were log-transformed and adjusted for sample size [72,
73], and subsequently back-transformed (including the bias
correction for sample size) for analysis interpretations of the
pooled estimates.

2.4 Handling Missing and Duplicate Data

To handle missing data and attain missing information,
we used direct contact details of the first or correspond-
ing author(s) along with their social network accounts
(e.g., ResearchGate, Twitter). To clarify, one author (ADI)
e-mailed the first or corresponding author(s) of the study
requesting the raw data or mean and standard deviation
values. If the authors did not respond to the first e-mail, a
reminder was sent after 2 weeks. If the authors did not reply
within 1 month from the remainder e-mail, we calculated
the outcomes based on the figures (i.e., data were digitized
using WebPlotDigitizer; version 4.3, Ankit Rohatgi; https://
apps.automeris.io/wpd/) and tables. Where mean (n=2)
and standard deviation (n=4) data were not provided by
authors nor could be extracted based on figures, we handled
missing values by a calculation according to the methods
and customized Microsoft® Excel spreadsheet (Microsoft,
Redmond, WA, USA) calculators suggested by Hozo et al.
[74] and Wan et al. [75], respectively. Prior to proceeding
with the data analysis and following an inspection of the
full dataset, four studies were found to report the same data
for the same estimates in different publications of the same
author(s). Therefore, the duplicate data were removed, and
single records were used for the analysis.

2.5 Data Analysis
2.5.1 Overall Meta-analysis

Data analyses were conducted using the ‘metafor’ [76] and
‘clubSandwich’ [77] packages for R studio environment
(version 1.4.1106) [78]. All analysis codes are presented
in the ESM (https://osf.io/28wku, https://osf.io/fywvS). In
most of the included studies, we were able to extract more
than a single-effect size. Multiple-effect sizes were within
studies and derived from a variety of sided-games charac-
teristics, including game format (e.g., number of players,
unbalanced teams), game configuration (number of sets,
set duration, recovery between sets), pitch dimensions and

orientation (e.g., area per players, length:width ratio), game
objectives (score-oriented vs possession), and other rule
modifications (number of touches, offside rule).

Given the hierarchical structure in our datasets (i.e.,
multiple-effect estimates nested within clusters), as well
as the likelihood of statistical dependency, we employed
a recently developed approach using a multi-level mixed-
effects meta-analysis and robust variance estimation [79].
Such an approach allows exploration of the heterogene-
ity present across multiple levels, hence, within-group
and between-group variance [80], and provides a robust
method for the meta-analysis results while accounting for
the dependency of effect estimates derived from common
samples [81]. In such cases, it has been proposed to account
for the correlation between effect estimates by replacing
their sampling variance with the entire ‘V matrix,” indicat-
ing the variance—covariance matrix of the estimates [79,
82]. As it was not possible to attain the correlation between
effect estimates drawn from the same participants in most
of the included studies, we reanalyzed previous data of our
research group and external collaborators (n=85), which
yielded an assumed constant correlation of 0.5. In the
ESM (https://osf.io/fywv8), we report sensitivity analyses
whereby a range of correlation values were used to evaluate
the influence of the changes in the within-group covariance
on the pooled estimates and its variance components. Col-
lectively, these analyses showed identical pooled estimates
and nearly similar variance components (see ESM: https://
osf.io/pdj37, https://osf.io/z2qjg).

For effects emerging from the main results and meta-
regression analyses, we opted to avoid a dichotomous
approach for their interpretation based upon traditional null
hypothesis significance testing, which has been extensively
criticized [83, 84]. Alternatively, we considered the practical
implications of all results with an emphasis on the pooled
point estimates as well as the lower and upper limits of the
interval estimates [64]. Uncertainty in meta-analysis esti-
mates was expressed using 95% compatibility (confidence)
intervals (Cls), representing ranges of values compatible
with our models and assumptions. We also derived 95% pre-
diction intervals (PIs), which convey the likely range of the
true measurement properties in similar future studies [64].

2.5.2 Heterogeneity and Moderating Effects

To describe the extent of heterogeneity, we calculated Q-sta-
tistics, as well as restricted maximum likelihood estimates
of the within-group (z,) and between-group (r;) variances
(standard deviation; tau [z]) [85], and the I? of the within-
group (I3) and between-group (I3) variances [86]. The 2
implies the percentage of variance that is due to study het-
erogeneity rather than sampling error [86]. Of note, because
many studies reported effect sizes equal to 0 (mean and
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standard deviation =0 m), neither Q nor 2 statistics could be
computed for these models, and in these cases we reported
the z-statistic only. To examine possible sources of heteroge-
neity and moderating effects, we conducted meta-regression
analyses with four variables from the format and monitor-
ing characteristics, including three continuous moderators
(velocity thresholds, area per player, and length:width ratio),
with game orientation (i.e., possession vs score) as a cat-
egorical moderator. For the continuous moderators, their
effects were interpreted as the changes associated with pre-
defined values from fixed anchor references as follows:

— Velocity thresholds the effects associated with + 1 km -
h~! change of the velocity thresholds set in the monitor-
ing devices from the anchored fixed references of 14.4,
19.8, and 22.0 km - h~! for high-speed, very high-speed,
and sprint, respectively (i.e., approximately middle value
of the ranges found in the literature for each speed zone).

— Area per player the effects associated with an increase/
decrease of 25 m? of the relative area per player from the
anchored fixed reference of 100 m? per player.

— Length:width ratio the effects associated with + 0.2 AU
change of the length:width ratio from the anchored fixed
reference of 1 AU (i.e., equal length and width dimen-
sions).

— Game orientation this was examined by comparing
score-oriented and possession-oriented formats with the
possession-oriented category used as the reference.

2.6 Risk of Bias

For the systematic review of the external load outcomes and
associated reliability measures, eligible study risk of bias
was evaluated using Risk of Bias Assessment Tool for Non-
randomized Studies (RoBANS) [87]. This comprehensive
framework assesses six different bias domains including:
participant selection, confounding variables, exposure meas-
urement, outcome assessments blinding, incomplete out-
come data, and selective outcome reporting (ESM; https://
osf.io/vczdg). The ROBANS was assessed by two authors
(ADI, TWM), and a third author (TS) acted as a moderator
if there were discrepancies in the interpretation of the risk
of bias assessment.

2.7 Small-Study Effect Bias

All datasets included the minimum number (ten studies)
required for formal testing of asymmetry [88]. Small-study
effects were visually inspected using funnel plots [89]. To
confirm our visual impression, Egger’s regression test (by
fitting the square root of the sampling variance as a modera-
tor) was employed [90].

3 Results
3.1 Search Results

The search and screening process is presented in the
PRISMA flow chart (Fig. 1). The initial search identified
5822 relevant studies, with 2567 remaining after the removal
of duplicates (n=3255). An additional 2429 studies were
excluded following title and abstract screening, and 138 full-
text studies were then assessed for eligibility. Based on our
inclusion criteria, a total of 82 studies were selected and
56 were excluded due to: not written in English (n=2, [91,
92]), not complying with the population criteria (n=12, [18,
23, 93-101]), intervention criteria (n=10, [102—-111]), and
outcomes criteria (exposure outcomes: n=22; reliability
outcomes: n=10, [22, 41, 44, 109, 111-138]) [see Fig. 1
“Records excluded with reasons”). We discarded one study
(n=4 estimates) [139] and other estimates where sided-
games formats (n=14) could not be coded, or when the
velocity thresholds (n=24) were not calculated according
to our defined ranges.

An additional 24 studies were identified from the updated
searching round and other sources, resulting in 105 studies
meeting the inclusion criteria. One study [133] was included
in the intra-individual reliability analysis only because of
not reporting descriptive data of exposure. Accordingly,
the final dataset for high-speed and sprint running exposure
included 104 studies (113 samples and 1789 estimates), with
188, 247, and 213 estimates used to examine high-speed
running in SSG, MSG, and LSG, respectively; 226, 238,
and 194 estimates used to examine very high-speed run-
ning in SSG, MSG, and LSG, respectively; and 103, 177,
and 203 used to examine sprint running in SSG, MSG, and
LSG, respectively. Seven independent studies (7 samples
and 21 CV estimates) were included in the meta-analysis
of the intra-individual reliability of the same external load
measures. Full details of all included studies can be seen in
the data extraction table (ESM; https://osf.io/Shzve).

3.2 Study Characteristics

Descriptive information for all 105 studies is displayed in
Table 3. The pooled number of participants was 1962 with
sample sizes that ranged from 6 to 62 participants (median
n=16) per group within each study. The total sample
included 66 female and 1876 male players (sex not reported
for n=20) with a mean age range from 19.1 to 24.3 years
and from 17 to 28.7 years, respectively. Of these, 227 play-
ers were aged between 17 and 18 years and there were 1735
adult players. The samples across all players were classified
as Tier 2 (n=600), Tier 3 (n=1176), and Tier 4 (n=130)
[140], while the competitive level was not reported for the
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Fig.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. WoS Web of Science

remaining players (n=56). Most of the included studies
(n=96) used a global navigation positioning system (GNSS)
or GNSS combined with micro-electromechanical system
technology to collect external load outcomes. In four stud-
ies, the external load outcomes were collected using either
optical (n=1) or local position measurement technologies
(n=3). In the five remaining studies, technology was not
reported. In more than half of the studies (n=53), sampling
frequency of the tracking technology was 10 Hz, with the
remaining studies reporting sampling frequencies of 1 Hz
(n=1),5Hz (n=21), 15 Hz (n=10), 18 Hz (n=4), 20 Hz
(n=3),24 Hz (n=1),40 Hz (n=1), and 42 Hz (n=1). In
ten studies, sampling frequency was not reported. The most
common thresholds used to define high-speed (n=24),
very high-speed (n=27), and sprint (n=11) running dis-
tances were 13 km - h™! (range: 12.2-18 km -h™'), 19.8 km
-h~! (range: 16-21.6 km -h™), and 25.2 km - h™! (range:
18-25.2 km - h™1), respectively. The number of satellites
used to infer GNSS signal quality was reported in four stud-
ies [56, 141-143], ranging from 3 to 20. Horizontal dilu-
tion of precision used to indicate the accuracy of the GNSS
horizontal positional signal was reported in three studies
[141-143] and was 0.54 + 0.20.

3.3 Main Models

Table 4 and Figs. 2, 3, 4 and 5 present the number of clus-
ters and estimates, the weighted point estimates with 95%
CI, and the predictive point estimates with 95% PI for each
meta-analysis. Asymmetrical scatter was evident in seven
(Panels A-G) of the nine examined datasets (Fig. 6). Nota-
bly, to help with interpreting the results of our meta-analysis,
we developed a companion web application, “Sided-games
Training App”, which we suggest using to intuitively visual-
ize the main findings of the meta-analytical and meta-regres-
sion models as well as to predict the expected high-speed,
very high-speed, and sprint running exposure scenarios
when planning soccer sided-games training (link to App:
https://antonio-dello-iacono.shinyapps.io/Sided-games-Train
ing-App/?_ga=2.181926951.1296146234.1647352519-
774762236.1645808783).

3.3.1 Small-Sided Games
The main models including all estimates of high-speed,

very high-speed, and sprint running suggest that during
SSG players are exposed, on average, to high-speed, very


https://antonio-dello-iacono.shinyapps.io/Sided-games-Training-App/?_ga=2.181926951.1296146234.1647352519-774762236.1645808783
https://antonio-dello-iacono.shinyapps.io/Sided-games-Training-App/?_ga=2.181926951.1296146234.1647352519-774762236.1645808783
https://antonio-dello-iacono.shinyapps.io/Sided-games-Training-App/?_ga=2.181926951.1296146234.1647352519-774762236.1645808783

High-Speed and Sprint Running Exposure in Soccer Sided Games

¢

6'€T [8¥1]
eI T’
86l 144! S (VN) SSND g ON SO € SXT S'L8I Tl 08 X279 ON MO+ LAL 91 eisneqg
€ IoLL
ueory
©IS0D [Ly1]
C el
(s110dSdO ‘II S[e]N  U9[[IND
161 I'vl Sl 0Ild IdS) SSND I VN SOA ON 8X1 €68 I TeEXTE ON MO +GAC Ll -So[eAy
88 LET (42844 THLAL
101 LET [42844 LAL CILL
148! LET LTXLE T+sag  ystuedg [ov1]
(s110dSdD 69¢1 LET LTXLE CAC V've e
waysKg aNfe SL Sl 0TX0¢ Cteng S[eIN uaw
81 4! S 1dS) SSND VN SX ON 4 1234 00T 1 0TX0¢ d €Ag ST -e[D-uelsy
(RSN
uerizerg
0T
S[eIN
8
(RSN
uel[izerg
(ndeye) L1 [sp1]
81 X XewIuIA) S[eIN Te 1
L1 S SSND EERC SA LN S'L X9 S'L8 4 STX6Y ON D +949 8 oumby
€ IoIL
asond
4! D +GAS -m1od
(s10dgdD (4! D+ Ay 81 [czl
-skg g 1dS) STl AD+EAC S[eN e
81 91 €l S SSND 3l ON BN S 9X¢ 00T €1 VN ON D +TAT o1 Temsy
€ PIL
(Ondeye) ysisug
‘0"t UOISIoA LT
X XewIuIA) SleN [ss]
TSt 661 144! 00T +01 SIWHIN+SSND EERC SA SOX I X8 g1et S1 8IXLT ON TAT 91 e 9PV
(euon
-euro)uy J10dg 7 LI, [¥#1]
X3[[ensIA ‘0TT 1°80T [ 9TXEE Ay 9'¢C  SuIpiy
10dg XA) SoT1 ¥l 1TX0¢ €AE S[eN pue
¥4 6°LT el 001 +01 SIWHIN+SSND I SA SOX 9 1234 001 I 0TX0T ON TAT g  preeSsey
oA
(s1eak)
(zH) juowaSe uor By
Kouanbory (Topouwu) -IN0JU -BJUALIO (utwr)  (urw X sowes) oney (w X wr) s1okerd XaS
NS MSHA ASH  Surdweg A3ojouyda],  sayonop, yoreoD 21008 A10A000y  uopemsyuo)  ((w) 4dy MIT UoIsudwIg [euonIppy JRULIO N
(1_y. uy)
proysayy KI100[A uoneoyoads ao1A0q SOTISLIQ)OBIBYO Sowes papIs SRV Apms

SOIpN}S PApNOUT Y} WOIJ PAJOLIIX? Bjep Jo ATewruing € djqel



A. Dello lacono et al.

(nd Tl [Lst]
-e1) ‘0'pA L'TT 'R
JA&NEME:\/C ORI BuRydIl
81 €1 00T +0T SINHIN+SSND II®T SOA ON ON CIX1 974 w1 6% X09 ON 949 ! -ese)
T IIL
(nd ysueds  [967]
-RIRD ‘0'pA C 8XT €1e e
X XRWIULAT) ! 12034 SN euRyd!
1C 81 €1 00T +0T SINHIN+SSND 9o1 VN ON ON 91 X1 01¢ YT 8EXGCS ON GAG 01 -tese])
TIIL [Tl
(SwIsAg 6'€C RRE]
Yoenyeay ‘oid ON QBN OUQIOIN
¥ 81 €1 0¢ nwipm) SSNO Qa1 VN pue sox C Xy SL ST 0TX0¢ ON Ay 91 -oouepelng
TRLL 1298}
(swoiskg 6'€T e
yoen[edy ‘oid 09 r T+pAY OB OUQIOIN
1874 81 €l 0¢ nwipm) SSNO Qo1 VN ON 4 Xy SL ST 0TX0¢ ON Ay 91 -oouepelng
TIILL [esT1]
[GUSHNN 6'€T RRE]
Yoenyeay ‘oid JRJN  OUSIOIA
81 €1 [0)1 nwipm) SSNO Qa1 VN ON C Xy SL ST 0TX0¢ ON Ay 91 -oouepelng
THIL [es1]
(SwaIshg 6'€T TeR
yoenyeay ‘oid TS1 9X¢ S[eN  oyumb
¥ [44 61 01 nuwip) SSNO VN VN SOA ‘1°60 8TXT 091 ! [U24014 ON D +Ay 91 -uerg
€ IoIL
ason3
X9 -nioq [1611
[QUSHNN 9X{ TsT LR
yoenyeay ‘oid z TIXT S[EIN  oyumb
861 44! o1 nwip) SSNO 9o1 VN SOA ON YTXT 091 1 [1240)4 ON D+ Ay 0T -uerg
€ JoIL
uewRn los1]
Ll ‘SI9AIY
(Xd00010 SN pue
1 81 €l S ‘71eIsO) SSND 9ol SOA SOA 14 ¥X¢ 091 1 (124014 ON D+ Ay 91 sopuerg
CILL
6T lor1]
AN TeR
861 'yl S (VN) SSND 991 ON SOA € §XT S'L8I1 [ 0§ X29 ON AD+ AL €C eisndeq
oA
(s1e2K)
(zH) juowdSe uon By
Kouonbaiy (1opou) -INOOUd -BJUILIO (unw)  (utw X sowes) oney (wrx wr) s1okerd pelN
S JASHA MSH  Surndureg A3ojouyoa],  soyonoj, yoroD 2100§  A1on000y  uonemSyuo)  (;w) gdv MT UoIsuoWI( [eUOnIppY JeurIoq N
(1_y. uny)
pIoysaIy) AII00[oA uoneoy10ads 9019 SOISLIO)OBIRYD SoWeS papIs SRIPY Apms

(ponunuoo) ¢ 3jqey



High-Speed and Sprint Running Exposure in Soccer Sided Games

¢

yInox
861
(sy10dg ueyor) 9X¢ S[EIN [c91]
0c 61 00I+01 SINHN+SSND g SOX SO 4 £€X9 'C6 61 (1244 ON GAG 01 QW)
CILL
€0 [¥91]
(s110dg ueyor) AN e
0T 71 00I+01 SINHIN+SSND I SOA SOA € £X¢ 9L 6L°0 12! ON €Ag 9 uRWRD
€ JoLL
ymox
(1ds 961
‘s10dgdD) €AE S[eN [€911]
81 €l VN SSND 1q SOX ON € Xy LT1 LSO gEX0T [ T+TAT 81 ueyry
€ IoLL
ystuedg
(swskg 1’81 [zo1]
Yoeneay ‘oid QeN RRE
14! o1 nwip) SSNO g SOX SOX 4 12:%% 09 Sl 0TX0¢ ON AD+PAy 14! o[[hsed
€ IoLL
ynox
(swaskg 1'81 fro1l
yoeneay ‘oid SR ‘e
12 14! (0] nwip) SSNO g ON SOX € 12:%% 09 Sl 0TX0¢ ON O +vAy 91 ofihsed
SOX
ON
pue sox
SOX ¥81 6¢'1 9 X¥9 AD+LAL
ON 01¢ 6¢'1 9 X9 LAL CILL
(ind pue sox PLI Syl 8EX S MO +GAC ystuedg
-e1e) ‘O'pA S9K 60¢ Y1 8EXES GAS €1T [o91]
X XBWIUIA) ON 191 [ 0EXEY O +EAg SN ™R
1T 81 €1 00T+01 SIWHIN+SSND LSt SX pue sox S 9X¢ SIT &1 0EXEy ON €A 1 Oue[[aIse)
(qnd SLT SLO 99X0¢8 [N [6sT]
-e1e) ‘0pA L91 STl (2008 1 e
X XeWIUIA) S'LET 8¢°0 99X 6T S[BIN eueydl
12 81 €l 00T +01 SINHIN+SSND g SOX SOX 8 9Xy £'e8 90 (01284 ON D +GAS 0C -wese)
(Ornd THLL (81l
-e1R) ‘O'pA 6 €81 0EXSS 616 7'€T BLRE]
X XewIuIA) €6 (At 8TX 0V 919 S[eN BueRydl
1T 81 ! 001 +01 SINHIN+SSND 9l SOA ON VN VN 6 S9°0 6CX61 ON EAE 81 -wese)
[oAT
(s1e2K)
(zH) juowdSe uon By
Kouonbaiy (1opou) -INOOUd -BJUILIO (unw)  (utw X sowes) oney (wrx wr) s1okerd pelN
NS MSHA MSH  Surduwreg A3ojouyody,  sayonog, yoro) 2100§  A1on000y  uonemSyuo)  (;w) gdv MIT UOISUSWI( [eUonIppy JEULIO N
(1_Y . uy)
pIoysaIy) AII00[oA uoneoy10ads 9019 SOISLIO)OBIRYD SoWeS papIs SRIPY Apms

(ponunuoo) ¢ 3jqey



A. Dello lacono et al.

€ 1oL
(bepseN uerd
oSoHuo1Ky) -OMION
'SV Suryoer], 61T lep]
uodg XX7) [4 9XG-¢ 144! 'l Y XLy D +949 SEIN 'R
TSt 861 0z Kouenbayorpey BN VN SoK € £€X89 (43 1 6EX6€ ON AD+ Ay 81 uoreq
VN
(suodsdn AR (A%
waIsAS o1g S[RIN ™R
Lad! S 1dS) SSNO 94T ‘[ ON SOk [4 ¥X¢ 0zl €l 0E€X0y ON AD+GAS 91  oyunnop
€ LL
ason3
-miog
(qnder) ‘¢S 1’8 [691]
afgoumndQ) S[eIN 'R
861 ad! 001+0T  SINHIN+SSND 9ol SOA SoX C PX¢e 0ST C 0€X09 ON AD+CAS 0l QuRWoD
€ 1oL
ason3
-m1og
9 11XT ¥l 0SX0L AD+646 9¥C [ev]
(sy10dg ueyor) € SLX¢E SLI LA TEXSY AD+9A9 SEIN e
0c 14! 00T+01 SINHIN+SSND 1 EN S9X € 9X¢ €01 62’1 1EX0F ON D+ GAG €7 Quawr)
€ It
ynox
€81 [zgl
(suodg ueyor) SR ‘e 10
P1 00T+0T  SIHN+SSND 931 SoK SoX C SX¢g 06 I 0€X0¢ ON GAG 0T Suaway
€ To1L
oson3
-mIoq
ON T+01A01 9¥C [891]
(s110dg ueyor) SOK Y01 8T'1 1Y% AD+GAS SN 'R
0z ¥I 001+0I SINHIN+SSND 931 SoX ON € 9XT €01 6T'1 1eXor d THGAS cC dueuR)
CIoIL
YInox
861 [£91]
(suodg ueyor) 9X¢ e R
0T Y1 00T+0T SINHIN+SSND 9ol SX SIX T £X9 06 1 0€X0¢ ON GAG 0T  Qwewo[)
[RSING
L'€T [991]
(sp10dg ueyor) £X9 SR TP
0C 4! 001+01 SINHIN+SSND 991 SOA SOA [4 9X¢ ¥'C6 6'1 XY ON GAS 0l WWI[D
[oA9
(s1e2K)
(zH) juowdSe uon By
Kouonbaiy (1opou) -INOOUd -BJUILIO (unw)  (utw X sowes) oney (wrx wr) s1okerd pelN
AS ASHA MSH  Surdureg A3ojouyod],  sayonog, yoro) 21005 A10A000y  uopemsyuo)  (w) 4dy MIT uolsuowli [eUOnIppy JeuLIoq N
(1_4. uny)
pIoysaIy) AII00[oA uoneoy10ads 9019 SOISLIO)OBIRYD SoWeS papIs SRIPY Apms

(ponunuoo) ¢ 3jqey



High-Speed and Sprint Running Exposure in Soccer Sided Games

CPLL

ason3
-nIog
(s10dsdD 6'1C [9L1]
wASAS AMF BN ‘'
861 144! S 1dS) SSNO ERC SOA ON Sl 01 X¢T 08 [4 0TX0r ON GAG 0T Zelog
VN
(Ondere) €Ll [sL1]
“Yor10ke]d) JRIN  [e 10 0)0
81 007 +0T SINHIN+SSND VN VN ON € 12:%% £'ee 1 0TX0T [ v +vAy Tl -Hd-seoreq
[RCING
ok
LHEL2S§ l62]
981 e
(s110dsdo ‘11 S[RIN  Ouode[
TSt 61 Sl 0I1d IdS) SSND 9l SA LN 8 8X¢G—¢ SOT1 Y1 0EXTH ON MO +GAC 0C o[ed
¥ 19LL
580D
KI0AT
(suodsdD 12034 ST 0TX0¢ an 4 LT [#L1]
woysKg aNfe EXP ¥l 8IXST +eag S[BIN LRS
LT €1 S 1dS) SSND 1 SOA ON € [2a34 SL o SIX0T 4 V+TAT 0T [e[led
TILL
youar
(s10dsdD Xy Sl 0TX0¢ V+yAy £9C [eLt]
walskg Ay EXP ¥l 8IX¢T 7+eag S[BIN 'R
81 €l S IdS) SSND 21 °T°[ SA ON € [2:34 SL €1 SIX0C d Y +TAT 0T [elled
€ IoLL
(suodsdD VLT [L2]
woIsAS g J[eN ‘'R
81 €l VN IdS) SSNO R ‘] SOA ON € X SL ST 0TX0¢ d V+yAy 0T Teled
¥ 19LL
1s80D)
KI0AT
(suodsdD 14 Xt Sl 0TX0¢ v+ Ay LT [zL1]
waskg g € £Xy 7’1 81X6T V+eae S[eIN e
81 €l S 1dS) SSND 9311 °T°[ SOA ON [4 [2:34 SL o SIX0T d ¥+TAT 0C [elled
€ ILL
ok
1DZIMS
LT [1L1]
ON SIXI I STl (2409 D +848 S[BIN LR
61 91 €l 0l (VN) SSND 9l SOA SO Sl €X¢ SL [ STX0¢ ON D+ Ay v1  Kefogqreq
[oA ]
(s1e2K)
(zH) juowdSe uon By
Kouonbaiy (1opou) -INOOUd -BJUILIO (unw)  (utw X sowes) oney (wrx wr) s1okerd pelN
S ASHA MSH  Surdureg A3ojouyod],  sayonog, yoro) 21005 A10A000y  uopemsyuo)  (w) 4dy MIT uolsuowli [eUOnIppy JeuLIoq N
(1_y. uny)
pIoysaIy) AII00[oA uoneoy10ads 9019 SOISLIO)OBIRYD SoWeS papIs SRIPY Apms

(ponunuoo) ¢ 3jqey



A. Dello lacono et al.

€ JoLL,
ystuedg
(s10dSIVLS §0C [¥81]
‘pod 1odIn) LEL 140! SEXOY €+848 eI “eR
861 00T+0T SINHIN+SSND 91 VN ON VN VN 7’19 ¥T1 6TX9¢ [ €+ LAL ST Zowon
€ JoLL
(md ystiod
-e1e) ‘O'pA TeT [e81]
X XRWIUTA) SR BRG]
Y4 81 ST 00T +0T SINHIN+SSND €Tl SX ON € 7X¢ 06 ST1 YTX0¢ ON Ay 71 Zaugwro
€ JoLL
(Omd ystiod
-e1e) ‘O'pA TeT [z81]
X XeWIUIA]) Vv Xv'ey MO+ LAL SN T®eR
81T 81 I'S1 00I+01 SINHIN+SSND [ SA SOA [4 X8 Tl I 0€X0¢ ON MAD+EAE ¥1 Zaugwin
€ IoIL
(Omd ystiod fis1l
-ee) ‘0 pA T€e ZoWwon
X XeWIUIA) 06 STl YTX0¢ Ay SN pue
81 'St 00I+01 SINHIN+SSND T SIX SR 4 X8 CIl I 0€X0¢ ON AD+EAC 14! Zauguin
SN
ystdug
9T [0811]
(suodgdn ‘X 8XT 86 €1 SEX Sy MO+ LAL SN TR
4! Sl 01d IdS) SSND [4 SOX SO ON SXT SL [ 0€X0¢ ON AD +6AS 9T ourpnen
ON Sel °eXTS 01401 ¥ 1oL
SO 86 Sy XSy MO+ LAL ystSug
ON 86 LEXLE LAL 9T [6L11
(suodgdD ‘X SOX SL 0€X0¢ D +6AS SEIN TR
[y 861 4! SI  oid IdS) SSND 4 VN ON VN 14 €L 1 LTXLT ON GAG 9T ourpnen
[RCING
Usipamg
(spodg I'ie (8.1l
Jndee)) SR RRE]
1T 4! 0l SINHIN+SSND QI SX SO [4 6-LXT 16 STl 424014 ON D +949 €1 uossuely
€ ILL
ason3
-nIog
(s10dsdn €TT [LL1]
wo)sAS AN BRI ‘e
861 7'l S 1dS) SSND 9l SOA ON Sl 01 XT 08 [4 0TX0r ON SAG 0T Zelldog
oA
(s1e2K)
(zH) juowdSe uon By
Kouonbaiy (1opou) -INOOUd -BJUILIO (unw)  (utw X sowes) oney (wrx wr) s1okerd pelN
NS MSHA MSH  Surduwreg A3ojouyody,  sayonog, yoro) 2100§  A1on000y  uonemSyuo)  (;w) gdv MIT UOISUSWI( [eUonIppy JEULIO N
(1_Y . uy)
pIoysaIy) AII00[oA uoneoy10ads 9019 SOISLIO)OBIRYD SoWeS papIs SRIPY Apms

(ponunuoo) ¢ 3jqey



High-Speed and Sprint Running Exposure in Soccer Sided Games
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High-Speed and Sprint Running Exposure in Soccer Sided Games

Table 3 (continued)

Velocity threshold

(km *h71)

Device specification

Sided games characteristics

Athletes

Study

HSR VHSR SR

Sampling
frequency

(Hz)

Recovery  Score Coach Touches  Technology
(model)

(min)

ApP (m?)  Configuration

LW

Ratio

Additional Dimension

players

Format

encour-

orienta-
tion

(games X min)

(mXxm)

Sex

agement

Age

(years)
Level

14.4 19.8

10

GNSS (VX
Sport)

Yes Free

No

3x3
3x3
3x4
3x4
3%x6
3x6

90

Yes

Free

No

Yes

Free

No

Yes

38.6

3v3 No 20%27

12

Younesi

Male 3v3+GK
4v4

et al.
[53]

28.1

4v4+GK
6v6

Qatari

Tier 3

28x40

6v6+GK

ApP area per player, F floaters, GK goalkeeper, GNSS global positioning system, HSR high-speed running, J jolly, LPM local position measurement, L:W Ratio length to width ratio, MEMS

micro-electromechanical system, min minutes, n sample size, NA not available, RCT randomized controlled trial, SR sprint running, VHSR very high-speed running

high-speed, and sprint distances with a weighted point and
interval estimate of 17.2 m - min™' (95% CI 13.5-20.8),
3.6 m - min~! (95% CI 2.3-4.8), and 0.2 m - min~' (95%
CI 0.1-0.4), respectively. There was however notewor-
thy heterogeneity for all models (high-speed distance:
Qusn=19,313.75,7, =+ 6.6 [95% C1 5.8-7.5] and 7; = +
13.1 [95% CI 10.7-16.1], I§=20.4% and I§=79.3%; very
high-speed distance: Q,y5,=21,256.76, 7, = + 1.9 [95%
CI 1.7-2.1] and 73 = + 5 [95% CI 4.2-6.0], I§= 12.8% and
132= 87.1%; sprint distance: 7, =+ 0.4 [95% CI 0.3-0.5] and
73 =+ 0.1 [95% CI 0.0-0.3]). The width of the 95% PI sug-
gested that exposure could fall anywhere in the range of
0-46.5, 0-14.2, and 0—-1.1 m - min~ ! for high speed, very
high-speed, and sprint running distances, respectively.

3.3.2 Medium-Sided Games

The main models including all estimates of high-speed,
very high-speed, and sprint running suggest that during
MSG players are exposed, on average, to high-speed, very
high-speed, and sprint distances with a weighted point and
interval estimate of 14.7 m - min~! (95% CI 12.4-17.1),
2.7 m -min~! (95% CI 1.8-3.5), and 0.5 m - min~"! (95% CI
0.3-0.6), respectively. There was however noteworthy het-
erogeneity for all models (high-speed: Q46 =39,499.67, 7,
=+7.4[95% C16.7-8.2] and 73 =+ 5.9 [95% CI 3.9-8.5],
I;=60.8% and I;=39.0%; very high-speed distance:
Q237)=22,108.57, 7, = + 2.1 [95% CI 1.9-2.4] and 75 =
+2.3[95% CI 1.4-3.3], I;=46.5% and I3 =53.4%; sprint
distance: 7, = + 0.7 [95% CI 0.6-0.8] and 73 =0.0 [95% CI
0.0-0.5]). The width of the 95% PI suggested that exposure
could fall anywhere in the range of 0-34, 0-9.0, and 0-2 m
-min~! for high speed, very high-speed, and sprint running
distances, respectively.

3.4 Large-Sided Games

The main models including all estimates of high-speed,
very high-speed, and sprint running suggest that during
LSG players are exposed, on average, to high-speed, very
high-speed, and sprint distances with a weighted point and
interval estimate of 14.8 m - min~! (95% CI 12.3-17.4),
3.4m-min~! (95% CI2.9-3.9), and 0.7 m - min~"' (95% CI
0.5-0.9), respectively. There was however noteworthy het-
erogeneity for all models (high-speed: Q,,,)=26,831.21, 7,
=+6.3[95% CI5.7-7.0] and 7; = + 3.1 [95% CI1 0.0-7.0],
13=79.8% and I3=19.8%; very high-speed distance:
Qu93y=17,212.41, 7, = + 2.5 [95% CI 2.3-2.8] and 73 =+
0.2 [95% CI10.0-1.6], I7=98.6% and I2=0.8%; sprint dis-
tance: 7, =+ 0.84 [95% C1 0.8-0.9] and 73 =+ 0.1 [95% CI
0.0-0.5]). The width of the 95% PI suggested the exposure
could fall anywhere in the range of 0-30 m - min~!, 0-8.7 m
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Table 4 Summary of the main Sided-game External load Number of Pooled effects
meta-analyses results format measure
Clusters  Estimates per cluster Estimate 95% CI 95% PI
[median; range] (m-min~) (lower to (lower to
upper) upper)
SSG HSR 59 188 [2; 1-21] 17.2 13.5-20.8 0.0-46.5
VHSR 65 226 [2; 1-21] 3.6 2.3-49 0.0-14.2
SR 28 103 [2; 1-21] 0.2 0.1-0.4 0.0-1.1
MSG HSR 45 247 [2; 1-59] 14.7 12.4-17.1 0.0-34
VHSR 41 238 [2; 1-59] 2.6 1.8-3.5 0.0-9.0
SR 17 177 [2; 1-59] 0.5 0.3-0.6 0.0-2.0
LSG HSR 16 213 [2; 1-80] 14.8 12.3-17.4 0.0-30.0
VHSR 17 194 [2; 1-80] 34 2.9-39 0.0-8.7
SR 11 203 [2; 1-80] 0.7 0.5-0.9 0.0-2.6

CI confidence interval, HSR high-speed running, LSG large sided-games, min minute, MSG medium sided-
games, PI prediction interval, SR sprint running, SSG small sided-games, VHSR very high-speed running

Overall Robust Multilevel Model Estimate for HSR in SSG
Q(df = 187) = 19313.76, p-val < .01 Q(df = 225) = 21256.76, p-val < .01
% tau2 = 6.6, tau3 = 130, 1°2=20.4%, 1’3 =79.3%

tau2=19,tau3 =50, 12=128% I’3=87.1%

Overall Robust Multilevel Model Estimate for VHSR in SSG Overall Robust Multilevel Model Estimate for SR in SSG

tau2 = 0.4, tau3 = 0.1

.H.+\vM‘wm.w.Mhmm_mm_,,.....u”........{H”Mmz..’.....

==

Fig.2 Ordered caterpillar plot presenting all effect sizes and 95%
interval estimates from all included studies in small-sided games
(SSG) meta-analyses. The red polygon presents the overall effect esti-

-min~!, and 0-2.6 m - min~'for high speed, very high-speed,

and sprint running distances, respectively.

3.5 Intra-Individual Reliability

The meta-analysis of all intra-individual reliability estimates
(21 across 7 clusters [median 2, range 1-12 estimates per
cluster]) determined weighted and predictive point estimates
with respective CI and PI equal to 22.8% (95% CI 12.2-42.6)

mate and 95% confidence intervals, while the dashed lines present
95% prediction intervals. HSR high-speed running, SR sprint running,
VHSR very high-speed running

and 22.7% (95% PI 3.6—-143.1). There was however notewor-
thy heterogeneity with Q 5, =212.99, 7, =+ 0.4 (95% CI
0.3-0.6) and 7, = = 0.6 (95% CI1 0.2-1.4), I§=29.0%, and
I§= 65.8%.

3.6 Meta-Regression Analyses

Table 5 displays the weighted point estimates with 95% CI
for each moderator assessed in the meta-regression analyses.
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Overall Robust Multilevel Model Estimate for HSR in MSG
Q(f = 246) = 39499.67, p-val <
tau2=7.4,tau3 = 5.9,

1°2=60.8%, 13 = 39.0%

tau2=2.1,tau3 = 2.3,

Overall Robust Multilevel Model Estimate for VHSR in MSG
Q(df = 237) = 22108.57, p-val < .0

122 = 46.5%, 1’3 = 53.2%

Overall Robust Multilevel Model Estimate for SR in MSG
tau2 = 0.7, tau3 = 0.0
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Fig.3 Ordered caterpillar plot presenting all effect sizes and 95%

interval estimates from all included studies in medium-sided games
(MSG) meta-analyses (high-speed running [HSR], very high-speed

Overall Robust Multilevel Model Estimate for HSR in LSG
Q(df = 212) = 26831.21, p-val < .01

tau2 =6.3, tau3 = 3.1,

ES

|

12 =79.8%, '3 = 19.8%

Q(f = 193) = 17212.41, p-val < .01

tau2=25tau3 =02, 1°2=98.6%, 1’3=0.8

running [VHSR] and sprint running [SR]). The red polygon presents

the overall effect estimate and 95% confidence intervals, while the
dashed lines present 95% prediction intervals

Overall Robust Multilevel Model Estimate for VHSR in LSG

%

Overall Robust Multilevel Model Estimate for SR in LSG
tau2 = 0.8, tau3 = 0.1
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s

Fig.4 Ordered caterpillar plot presenting all effect sizes and 95%
interval estimates from all included studies in large-sided games
(LSG) meta-analyses. The red polygon presents the overall effect esti-

mate and 95% confidence intervals, while the dashed lines present
95% prediction intervals. HSR high-speed running, SR sprint running,

VHSR very high-speed running
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Overall Robust Multilevel Model Estimate of Reliability
Qdf = 20) = 212.99, p-val < .01
tau2=04,tau3 =06, 1°2=29.0%, I’3=65.8%

Fig.5 Ordered caterpillar plot presenting all effect sizes and 95%
interval estimates from all included studies in intra-individual reli-
ability meta-analysis. The red polygon presents the overall effect esti-

3.6.1 Velocity Thresholds

Meta-regression suggested that high-speed, very high-speed,
and sprint running exposure were moderated by the veloc-
ity thresholds set to collect these external load measures.
Specifically, per every unit increment or decrement (+
1 km - h™!) from the anchored velocity references, high-
speed running exposure changed, on average, 2.5 m - min~!
(95% CI 1.1-4.0), 1.6 m - min~! (95% CI—0.8 to 4.0), and
4.1 m - min~! (95% CI 2.1-6.2) in SSG, MSG, and LSG,
respectively. Similarly, very high-speed running exposure
changed, on average, 1.4 m - min~! (95% CI 0.7-2.0),
0.8 m - min~! (95% CI 0.4-1.2), and 1.4 m - min™" (95%
CI 0.8-2.0) in SSG, MSG, and LSG, respectively. Finally,
sprint running exposure changed, on average, 0.4 m - min™!
(95% CI10.1-0.7),— 0.1 m - min~"! (95% CI—0.7 to 0.5), and
0.3 m - min~! (95% CI—-0.9 to 0.3) in SSG, MSG, and LSG,
respectively.

3.6.2 Area per Player
The meta-regression suggested that high-speed, very high-

speed, and sprint running exposure were moderated by the
area per player consistently across all sided-game formats.

I T T T T T T T 1
70 80 90 100 110 120 130 140 150

CV [%]

mate and 95% confidence intervals, while the dashed lines present
95% prediction intervals

Specifically, for every 25-m? increment of the relative area
per player from the anchored reference of 100 m? per player,
high-speed running exposure increased, on average, by 2.5 m
~min~! (95% CI 2.0-3.0), 2.8 m - min~' (95% CI 2.1-3.4),
and 1.9 m - min~! (95% CI 1.0-2.8) in SSG, MSG, and LSG,
respectively. Similarly, very high-speed running exposure
increased, on average, by 0.6 m - min~! (95% CI 0.4-0.8),
0.9 m - min~! (95% CI 0.7-1.1), and 0.8 m - min~"' (95%
CI 0.5-1.1) in SSG, MSG, and LSG, respectively. Finally,
sprint running exposure increased, on average, by 0.1 m -
min~! (95% CI 0.1-0.2), 0.2 m - min~! (95% CI 0.1-0.4),
and 0.3 m - min~! (95% CI 0.1-0.4) during SSG, MSG, and
LSG, respectively.

3.6.3 Length:Width Ratio

The meta-regression suggested that the length:width ratio
moderated high-speed, very high-speed, and sprint run-
ning exposure differently across the sided-game formats.
In SSG, an increase was observed for high-speed (0.1 m -
min~' [95% CI—0.8 to 1.1]) and very high-speed (0.2 m
-min~' [95% CI—0.1 to 0.4]) but not in sprint (0.0 m -
min~! [95% CI—0.0 to 0.1]) running exposure. Similarly,
also in MSG, exposure to high-speed and very high-speed
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Fig. 6 Funnel plots for risk of bias across studies with confidence lev-
els of 90% (white), 95% (dark gray), and 99% (light gray): A small-
sided games high-speed running (SSG HSR); B SSG VHSR; C SSG
sprint running (SR); D medium-sided games (MSG) HSR; E MSG
very high-speed running (VHSR); F MSG SR; G large-sided games

running increased, on average, by 0.5 m - min~' (95% CI
0.1-0.8) and 0.3 m - min~! (95% CI 0.1-0.5), respectively,
while no effects were found for sprint running (0.0 m - min™!
[95% CI—0.2 to 0.2]). Contrasting moderating effects were
observed in LSG, with decreases in high-speed (—0.3 m -
min~! [95% CI— 1.2 to 0.7]), very high-speed (- 0.2 m -
min~! [95% CI—0.5 to 0.1]), and sprint running exposure
(=0.1 m - min~! [95% CI—-0.3 t0 0.1]).

3.6.4 Game Orientation

The meta-regression suggested that high-speed, very high-
speed, and sprint running exposure were moderated by the
game orientation differently across the sided-game formats.
In SSG, a decrease was observed for high-speed (— 1.3 m
-min~! [95% CI—5.2 to 2.6]), very high-speed (—0.2 m -
min~! [95% CI—1.3 to 0.8]), and sprint (—0.0 m - min~!
[95% CI-0.2 to 0.1]) running exposure when the game
was score oriented and included either goalkeepers or small
goals. Contrasting moderation effects were observed in
MSG, whereby exposure to high-speed, very high-speed,
and sprint running, increased, on average, by 4.8 m - min~!
(95% C10.2-9.5), 1.0 m - min~" (95% CI10.6-1.4), and 0.3 m
~min~! (95% CI—0.3 to 0.9), respectively, in the presence
of goalkeepers or small goals. Similarly, game orientation

Residual Value LSG VHSR

Residual Value LSG SR

(LSG) HSR; H LSG VHSR; and LSG SR. Egger’s regression test: A
F test=8.01, p<0.01; B F test=28.86, p<0.001; C F test=30.31,
p<0.001; D F test=10.17, p<0.01; E F test=8.89, p<0.01; F F
test=110.36, p<0.001; G F test=7.94, p=0.01; H F test=3.58,
p=0.08; and I F test=1.41, p=0.26

also moderated LSG high-speed, very high-speed, and sprint
running exposure with, on average, an increased exposure
of 7.4 m - min~' (95% CI 4.3-10.4), 0.3 m - min™"' (95%
CI-2.5t0 3.1), and 0.2 m - min™! (95% CI—0.1 to 0.6),
respectively.

3.7 Risk of Bias

Full results and summary of the ROBANS assessment of the
included studies are presented in the ESM (https://osf.io/
rf48s) and Fig. 7, respectively. Across all studies, the great-
est risk of bias (100%) was observed in the confounding var-
iables domain considering that none of the studies (n=105)
reported the dwell time required above the minimal velocity
thresholds for locomotive actions to be recorded as high-
speed very high-speed or sprinting effort, and most studies
did not report the number of satellites obtained (n=101) or
the horizontal dilution of precision (n=102). Similarly, a
high risk of bias (100%) was observed in the domain pertain-
ing to the blinding of outcome assessments as none of the
studies (n=105) reported any procedures adopted to blind
the outcomes of the sided-games training. Risk of bias (20%)
was also observed in the selective outcome reporting domain
as 21 studies did not report descriptive statistics (i.e., mean,
standard deviation and CI) of the external load outcomes.
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Table 5 Summary of the meta-

regression analyses

Sided-game  External load = Moderating effects Intercept (95% CI)
format measure
Slope (95% CI)

SSG HSR Baseline (intercept) 15.6 m - min~"! (10.5 to 20.6)
Speed thresholds +1km-h™! -2.5(-4.0to-1.1)
Area per player +25 m? 2.5(2.0t03.0)
Length:width ratio +0.2 (AU) 0.1 (-0.8t0 1.1)
Game orientation Score oriented -1.3(-5.2t02.6)

SSG VHSR Baseline (intercept) 2.2m -min~! (0.7 to 3.7)
Speed thresholds +1km-h™! -1.4(2.0t0-0.7)
Area per player +25 m? 0.6 (0.4 t0 0.8)
Length:width ratio +0.2 (AU) 0.2 (-0.1t0 0.4)
Game orientation Score oriented -0.2 (-1.31t00.8)

SSG SR Baseline (intercept) 1.0 m - min™" (0.4 to 1.6)
Speed thresholds +1km-h™! -0.4 (-0.7 to -0.1)
Area per player +25 m? 0.1 (0.1t00.2)
Length:width ratio +0.2 (AU) 0.0 (0.0 t0 0.1)
Game orientation Score oriented -0.0 (-0.2t0 0.1)

MSG HSR Baseline (intercept) 7.8 m - min~! (3.4 to 12.2)
Speed thresholds +1km-h! -1.6 (4.0 t0 0.8)
Area per player +25 m? 2.8(2.1t03.4)
Length:width ratio +0.2 (AU) 0.5 (0.1t00.8)
Game orientation Score oriented 4.8 (0.21t09.5)

MSG VHSR Baseline (intercept) 0.7 m - min~! (0.3 to 1.6)
Speed thresholds +1km-h™! -0.8 (-1.2t0-0.4)
Area per player +25 m? 0.9 (0.7t0 1.1)
Length:width ratio +0.2 (AU) 0.3(0.1t00.5)
Game orientation Score oriented 1.0 (0.6 to 1.4)

MSG SR Baseline (intercept) 0.3 m min~! (-1.0 to 1.5)
Speed thresholds +1km-h™! -0.1 (0.7 t0 0.5)
Area per player +25m? 0.2(0.1t0 0.4)
Length:width ratio +0.2 (AU) 0.0 (-0.2t0 0.2)
Game orientation Score oriented 0.3 (-0.3t00.9)

LSG HSR Baseline (intercept) 5.2m -min~! (1.5 to 12.0)
Speed thresholds +1km-h! —4.1(-6.2to-2.1)
Area per player +25 m? 1.9 (1.0to0 2.8)
Length:width ratio +0.2 (AU) -0.3(-1.21t00.7)
Game orientation Score oriented 7.4 (4.3t010.4)

LSG VHSR Baseline (intercept) 1.3 m - min~' (1.0 to 3.6)
Speed thresholds +1km-h! -1.4 (-2.0t0o -0.8)
Area per player +25 m? 0.8(0.5t01.1)
Length:width ratio +0.2 (AU) -0.2 (-0.5t00.1)
Game orientation Score oriented 0.3(-2.5t03.1)

LSG SR Baseline (intercept) 0.7 m - min~" (=0.6 to 2.0)

Speed thresholds
Area per player
Length:width ratio
Game orientation

+1km-h™!
+25 m?

+0.2 (AU)
Score oriented

—0.3 (-0.9t0 0.3)
0.3(0.1t00.4)
0.1 (-0.3t00.1)
0.2 (0.1 to 0.6)

AU arbitrary unit, CI confidence interval, HSR high-speed running, LSG large sided-games, min minute,
MSG medium sided-games, SR sprint running, SSG small sided-games, VHSR very high-speed running
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The lowest risk of bias (8.5%) was observed in the selection
of participants, as only in 9 of the 105 studies the sample
characteristics were not clearly reported.

4 Discussion

Our systematic review and meta-analysis are the first to pro-
vide an exploratory summary and a quantitative synthesis of
high-speed, very high-speed, and sprint running exposure
and intra-individual reliability in soccer sided games from
104 and 7 studies, respectively. The main findings from our
analysis were that high-speed, very high-speed, and sprint
running exposure induced by sided games, irrespective of
format, are not comparable to the corresponding outcomes
reported for regular 11-a-side soccer matches. Moreover,
poor reliability of these external load measures was found
in SSG and MSG formats, suggesting that exposure is highly
variable in sided games. Across sided-games formats, high-
speed, very high-speed, and sprint running exposure were
influenced by the tracking device velocity thresholds and
playing constraints such as the relative area per player, pitch
length-to-width ratio, and game orientation.

4.1 High-Speed, Very High-Speed, and Sprint
Running Exposure

The systematic monitoring of external loads is core for the
comprehensive evaluation of dose exposure during train-
ing and competition and the subsequent optimal planning
and management of the training processes [229]. The main
findings of this review provides insight for the use of sided
games as integrated soccer-specific training [230-232], as

Domain Bias type
Selection of participants Selection
Confounding variables Selection
Measurement of exposure Performance

Blinding of outcome assessments Detection

Incomplete outcome data Attrition
Selective outcome reporting Reporting
0% 10% 20%
M High
B Low
[ unclear

Fig. 7 Assessment of risk of bias of studies included in the meta-analysis

30% 40% 50% 60% 70% 80% 90%

a physical conditioning method [233] as well as for train-
ing load exposure strategies [232, 234, 235]. Promoting
evidence-informed practices in soccer, the results of our
meta-analysis confirm that sided games are inappropriate
to replicate match play demands. To contextualize, across
all sided-games formats, the pooled estimates were con-
siderably lower than the analogous external load measures
reported for official matches at the amateur level [236], in
professional European competitions such as the English
Premier League [45, 46], the Spanish La Liga [237], the
Italian Serie A [238, 239], the French Ligue [240], and
the German Bundesliga [241], in addition to the Union of
European Football Associations Champions League [67,
68] and international tournaments of the Fédération Inter-
nationale de Football Association [69, 242]. For example,
during regular 11-a-side soccer matches in competitions
involving adult (i.e., age > 17 years) soccer players of any
sex and level, relative high-speed, very high-speed, and
sprint running exposure ranges were 20.2-29.7 m - min~!,
7.1-12.8 m - min~!, and 1.3-3.9 m - min~!, respectively.
Noticeably, the corresponding (i.e., same velocity thresholds
collected with the same tracking technologies) pooled esti-
mates (Table 4) from studies included in this meta-analysis
were up to approximately six-fold lower (i.e., for high-speed,
very high-speed, and sprint exposure, respectively: | 9.9%,
1 83.4%, and | 584% in SSG; | 43.9%, | 174%, and | 182%
in MSG; | 38.4%, | 111.3%, and | 78% in LSG; Fig. 8). The
evidence that sided games fail to fully replicate the high-
speed demands of regular play [41, 44, 171, 243] has practi-
cal implications as described below.

From a tactical perspective, the evolution of elite soc-
cer match play requires players to perform more high-speed
and sprint actions to fulfill tactical responsibilities, whilst

100%

% of Total Count of Assessment
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in and out of possession, and during ball possession transi-
tions [45, 46]. These locomotor activities are also key deter-
minants for successful performance [47] as high-speed and
especially straight sprint running have been identified as
the most frequent locomotive actions preceding goal situa-
tions, performed by either the scoring player and the assist-
ing player [48, 49]. At a granular level, position-specific
profiles have been reported with special reference to high-
speed movement patterns particularly when contextualized
with technical skills and tactical actions [244, 245]. In this
regard, while tactical drills appear to provide the greatest
combined physical, technical, and tactical training stimulus
and transfer, it is plausible that sided games lack effective-
ness to fully account for the multi-dimensional domains of
the positional demands. The multi-positional drill nature and
the reduced pitch sizes and player numbers characterizing
sided games largely affect individual and collective tacti-
cal behavior [246] as smaller pitches (i.e., 88—145 m? per
player) and low player numbers (i.e. SSG and MSG) result
in shorter inter-player distances [247], increased unpredict-
able short-distance movements [248], and greater movement
variability in players’ pitch zones [249] compared with regu-
lar match play. Conversely, larger pitches (i.e., > 216 m? per
player) with greater player numbers (i.e., LSG) lead to more
regular positioning and reduce player movement variability,
but at the expense of a smaller radius of free movement over
longer distances [209, 249]. These considerations indicate
that although sided-games training is appropriate to induce
changes in collective behavior aimed at improving or refin-
ing tactical proficiency at the team level, it may not be fully
effective to closely replicate the multi-dimensional posi-
tional patterns of match play with reference to high-speed
movements, which is crucial when preparing players for the
positional tactical demands of the modern game.

From a physical conditioning perspective, our study pro-
vides robust evidence for an informed planning of sided-
games training in soccer. On the one hand, sided-games
cannot be endorsed as a comprehensive method especially
if the main training goal is to overload high-speed, very
high-speed, and sprint running exposure. For example,
assuming the pooled estimates from this meta-analysis, a
typical sided-games training session, which usually consists
of ~ 15 min of effective playing time (see ESM; https://osf.
io/5hzve), would be expected to induce, on average, total
high-speed, very high-speed, and sprint running exposure
of ~ 235, ~ 49, and ~ 7 m, respectively. Comparisons with
the corresponding relative outcomes for full matches (i.e.,
~ 375, ~ 150, and ~ 40 m, respectively) [45, 46, 67-69,
236-239, 241, 242] clearly highlight that sided games do
not induce a sufficient overload stimulus for high-speed and
sprint running exposure. In practical terms, such dose expo-
sure and the underpinning physiological, biochemical, and
neuromuscular responses may still contribute to maintain

fitness in soccer players during the in-season period when
sided games are implemented systematically through multi-
ple weekly sessions as different formats but combined with
other forms of training [250, 251]. However, the effective-
ness of sided-games training alone to enhance high-speed
and sprint running capabilities [3] or to compensate for the
lack of match-induced exposure among non-starting players
is questionable [252, 253]. Similarly, although some sided-
games formats (i.e., SSG) may elicit mechanical loads due
to repeated accelerations and decelerations to a level that is
at least equivalent with peak periods of official match play
[43], their effectiveness as longitudinal training interven-
tions aimed at enhancing strength, jumping, and change of
direction capabilities in soccer players is minimal [3, 254].
On the other hand, coaches and practitioners may use sided
games to ensure progressive high-speed running exposure
during the pre-season period when a gradual overload may
be required as well as in-season to target a minimal dose
exposure in tapering weeks and days or during congested
fixture periods [47, 240].

Planning high-speed and sprint running training receives
particular attention among soccer coaches and practition-
ers as optimal exposure strategies may also have a preven-
tive role against injuries for which inadequate training dose
is considered as a modifiable risk factor [235]. Unaccus-
tomed volumes and spikes in sprint and near-to-maximal
speed distances during competitive match-play have been
reported to have harmful association with muscle injury
occurrence [255, 256]; therefore, exposing soccer players
to progressive and optimal sprint running doses may provide
a preventive effect, especially for non-contact hamstrings
injuries [257, 258]. This likelihood of muscle injuries is
reasonably increased among non-starting players owing to
the lack of match-induced high-speed and sprint running
exposure, especially if these are not adequately compensated
for during the training micro-cycle. Implementing training
strategies with a particular focus on the ability to repeat and
tolerate near-to-maximal and sprint actions [232, 259] would
therefore appear relevant to the context of muscle injury
preventive strategies. Furthermore, considering that most
of the hamstrings injuries in soccer players occur because
of altered running kinematics during maximal sprint actions
[256, 260, 261], especially peaking at the latter stages of
soccer match play [255, 262], specific drills that replicate
the neuromuscular, mechanical, and physiological demands
of sprint running may help refine the running technique and
develop muscular stress resilience and tolerance resulting
in indirect injury prevention benefits [263, 264]. With these
programming subtleties in mind, the use of sided-games
training as part of preventive strategies against hamstring
injury through appropriate maximal speed exposure is ques-
tionable. First, only trivial sprint running distances (e.g.,
5-12 m for a typical sessions lasting 15 min) can be covered
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during sided games unless very extensive training volumes
and formats including small numbers of players (i.e., SSG)
and very high relative areas per player (> 300 m? per player)
are used [38, 131], which is rather impractical in the con-
text of a full squad environment. Moreover, another critical
reason is the likely lack of sprint specificity during sided
games characterized by frequent short-distance (5—10 m)
acceleration-like sprint movements as opposed to longer (>
15 m) and near-to-maximal speed actions common in regular
match play [47]. Arguably, the different sprint-specific loco-
motive profiles between sided games and matches require
distinct hamstrings recruitment and activity at the hip and
knee joints, which could limit the potential benefits of spe-
cific strengthening transfer and the protective role against
hamstrings injuries occurring during sprint running [265,
266].

4.2 Intra-Individual Reliability

Quantifying the repeatability of the external load demands
during sided games and drawing inferences about the asso-
ciated individual responses and adaptations are paramount
for the design of soccer training programs [229, 251]. In
this meta-analysis, high-speed and sprint running expo-
sure measures showed poor reliability with CV values that
ranged from 12.2 to 42.6%. Notably, while separate pooled

estimates could have not been computed for each speed cat-
egory because of the small number of estimates, an explora-
tory inspection (see ESM) of the intra-individual reliability
values emphasizes that the external load variables most
associated with fatigue and muscle damage in soccer [233]
present the lowest consistency, with distances covered at
very high speed and sprinting showing CV values ranges
of 8-62.4% and 16.1-19.1%, respectively. These findings
were expected given that the locomotive demands in sided
games are random and uncontrolled [246, 248, 249]. Practi-
cally, this may have important implications for training load
management and monitoring as the PIs of the CV of our
meta-analysis (Fig. 5, 3.6-143.1%) reveal that sided-games
training can overexpose some players as well as underexpose
others with respect to the individual dose exposure sought by
the coaching or sports science staff [39]. Accordingly, con-
ditioning methods complementing sided games or designed
intentionally as isolated high-speed and sprint drills or
soccer-specific circuits may be beneficial if the training ses-
sion aim is to expose players to these demands with a low
degree of uncertainty. It is also noteworthy that the pooled
estimates of the variability reported above encapsulate dif-
ferent sources of variability whose precise partition could
not be determined [267, 268]. To explain, an estimate of
intra-individual variability extracted from each individual
study is a mean estimate of the sample in the study. As such,
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the pooled estimates in our meta-analysis likely captured:
(1) technical variability from each study due to the monitor-
ing devices and experimenters; (2) day-to-day variability in
studies that implemented a test—retest design with between-
day repeated measurements; (3) variability in response to
the same sided-games training between individuals; and
(4) true intra-individual variability or individual variation
in response to the same training. While the magnitude of
some sources of variability (i.e., technical variability) may
be extracted from the literature [269, 270], other sources of
variability (e.g., day-to-day biological variability, variability
in response to the same training, and true intra-individual
variability) are specific to the studied population and may
require studies including randomized repeated interven-
tions and reliability trials to be quantified. This is impracti-
cal in studies conducted in highly ecological environments.
Moreover, the evidence on the intra-individual variability
of the external load measures during sided-games training
is weak (i.e., n=7 studies) and pertinent only to SSG and
MSG formats. While future research studies should purpose-
fully address this topic to expand the knowledge available
to date, it is advisable for coaching or sports science staff to
account for intra-individual reliability in their load prescrip-
tion and management strategies [251]. In fact, understand-
ing the underpinning sources of intra-individual variability
may help in interpreting training responses more accurately
both at the group and individual level [267, 268]. For exam-
ple, intra-individual variability provides information that
allows inferences about whether inter-individual responses
differences are true or a simple artefact of intra-individual
variation. When evaluating inter-individual response dif-
ferences, it is imperative to discern between the systematic
or true response and intra-individual variation (e.g., day-
to-day biological variability, variability in response to the
same training, and true intra-individual variability). In some
circumstances, the intra-individual variation may be large
enough to contain a large proportion if not all inter-individ-
ual differences are apparent in training responses. Therefore,
inter-individual comparisons based on average response
values and failing to account for intra-individual variability
may lead to biased conclusions. Similarly, intra-individual
variation is also paramount when evaluating response dif-
ferences at the individual level. In fact, accounting for intra-
individual variability may facilitate inference as to whether
true response differences occurred or should be attributed
to concurrent training dependent factors (i.e., other train-
ing stimuli from the same training session) or to alternative
factors independent from training (i.e., biological day-to-
day variability). In this case, comparing a single response
observation with a rolling baseline (i.e., average of several
previous responses) that incorporates individual compatibil-
ity or equivalence intervals accounting for intra-individual
variability is a viable option [271].

4.3 Effects of the Between-Study Heterogeneity

In designing this systematic review and meta-analysis, our
foremost research question was: “What high-speed and
sprint running exposure and associated reliability to expect
by implementing sided-games training in soccer?” Thereaf-
ter, and building upon the main findings of the meta-analy-
sis, we aimed to provide a robust analysis of the magnitude
of high-speed and sprint running exposure and the influence
of common programming variables to facilitate informed
training prescription, periodization, and load management
planning strategies. To this end, taking into account the high
risk of bias observed in some of the ROBANS domains and
the uncertainty around the pooled estimates because of the
large between-study heterogeneity in addition to the recom-
mendations of Cochrane on matters regarding the number of
studies included in meta-analyses [272] and the presence of
asymmetry observed in the funnel plots [273], we calculated
and recommend considering the 95% PIs reported in Table 4.
In the context of this meta-analysis, the 95% PIs describe the
range of effects to expect in 95% of future similar studies
involving random samples of soccer players whom we intend
to expose to high-speed and sprint running by implementing
sided-games training. As expected, the 95% PIs were wider
than the 95% Cls across all pooled estimates, confirming that
the variation around external loads in sided-games training is
multifactorial and influenced by several factors such as train-
ing variables, playing constraints, individual characteristics,
or simply noise due to measurement error and biological var-
iation. While a comprehensive investigation of all potential
sources of between-study heterogeneity was computationally
and practically unfeasible (e.g., limited number of estimates
per factor and missing data), in the next section, we address
the main potential sources of heterogeneity and interpret the
related practical implications [64].

4.4 Effects of Moderators

In this section, besides addressing and explaining the het-
erogeneity influencing the pooled estimates, we provide
several practical suggestions for coaches and practitioners
aiming to use different sided-games formats and to manipu-
late playing constraints for high-speed and sprint running
exposure-focused training planning and prescription. To
this end, we recommend using the “Sided-games Training
App” and the “Planner” tab to simulate expected exposure
scenarios unfolding from alternative sided-games training
manipulations.

The finding that all pooled estimates across all sided-
games formats were moderated and changed as a factor of
the velocity thresholds is logical. Simply, lower and higher
cut-off values set as velocity thresholds in the monitor-
ing devices directly offset the magnitudes of external load
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measures toward greater and smaller outcomes, respec-
tively. In view of the wide scale and the considerable vari-
ability found in the literature regarding the definitions of
high-speed, very high-speed, and sprint running and cor-
responding velocity thresholds (Table 3), we suggest our
meta-regression results as a practical programming tool
(Table 5). Here, practitioners, sport scientists, and research-
ers may consider the parameters of the moderating effects
to adjust the expected high-speed and sprint running expo-
sures when using velocity thresholds that deviate from the
anchored values that we used in our meta-analysis models.
The simplicity of using a correcting factor is immediately
advantageous for training prescription and load monitoring
purposes as well as likely beneficial to facilitate data sharing
and knowledge exchange between sport science departments
and research groups [274].

Unimodal moderating effects on pooled estimates across
all sided-games formats were found for the area per player
variable, suggesting that high-speed and sprint running
exposure can be progressively increased by implementing
sided games with larger playing areas or lower player den-
sity. This robust finding encapsulates evidence showing that
increased pitch sizes lead to greater inter-player and inter-
team distances, resulting in larger spaces available to reach
high-speed and near-to-maximal speed running [3, 38, 131,
209]. While previous studies recommended using sided-
games formats with relative areas of 180-200 m? - player,
200-300 m? - player, and > 320 m? - player to replicate the
external load demands of regular matches [38, 131, 218],
our main and meta-regression analyses provide highly pow-
ered results and robust evidence. Specifically, we suggest
designing sided games, irrespective of the format character-
istics, with relative playing areas approximately respectively
equal to 200 m” - player, 325 m? - player, and > 365 m? -
player to induce relative high-speed, very high-speed, and
sprint running exposure comparable to matches’ outcomes.
As illustrated above for the threshold velocity, the anchored
reference point for the area per player variable (100 m?)
and the parameters of the moderating effects can be used
as practical and useful tools when designing and planning
sided-games sessions selectively targeting specific training
goals [12, 15, 250].

Game orientation moderated high-speed and sprint run-
ning exposure differently across sided games, which appears
to contradict the common belief and one of the conclusions
from the recent umbrella review of Clemente et al. [3], sup-
porting the notion that using goalkeepers and small scoring
targets consistently reduces the external loads during sided-
games training. Meta-regression suggested that score-ori-
ented formats reduced high-speed and sprint running expo-
sure in SSG with an opposite trend in both MSG and LSG.
These contrasting results can be explained by a few technical
tactical reasons and methodological pitfalls unfolding from

studies where the comparative effects between sided games
including the presence of goalkeepers or small goals and
possession formats were investigated. From a tactical per-
spective, as elaborated above, the greater player and team
dispersion characterizing MSG and LSG formats as well as
the greater dimensions in larger pitch areas likely promote
a more direct and vertical playing style with more frequent
long-distance high-speed and sprint actions performed in
and out of possession, and during ball possession transi-
tions especially under exacerbating contextual constraints
such as opponent pressure, score status, and reduced playing
time [23, 149, 246, 275]. On the contrary, SSG formats with
smaller pitch areas impose reduced positional dispersion and
inter-player distances to preserve the spatial equilibrium on
the field, and more importantly, to maintain or regain ball
possession, which is a necessary condition for rapid goal
scoring attempts [23, 186]. In this regard, greater frequen-
cies of technical actions, among which shots to the oppo-
nent’s goal and shots far away from the opponent’s goal area,
in particular, were reported in SSG compared with MSG
and LSG formats [276-278]. This reasonably implies that
fewer high-speed and sprint running actions are required
to successfully score in small formats in consideration of
the paired relationships between player positioning, score
attempt actions, and external load variables [279]. Finally,
most of the studies purposefully designed to investigate the
comparative effects between score-oriented and possession-
oriented SSG failed to adjust for the areas per player when
goalkeepers were included, thus resulting in consistent
smaller relative ratios. Therefore, the lower high-speed and
sprint running exposure reported in score-oriented SSG for-
mats is likely attributable to the moderating effects of the
area per player as extensively explained above rather than
due to the game orientation characteristics.

The conceptual and tactical considerations made about
the moderating effects of the score-orientation constraint
may, in part, also explain why the length:width ratio influ-
ences high-speed and sprint running exposure differently
across sided-games formats. Mainly sided-games formats
with equal length and width dimensions induce higher
movement synchronization in both longitudinal and lateral
directions, which facilitates a balanced dispersion of the
players across the entire playing area, thereby resulting in
an elongated playing shape style with a higher likelihood
of increased distances covered at high speed [23, 246]. It
is not entirely clear why an opposite moderating trend was
found in LSG, with high-speed and sprint running exposure
progressively decreasing as a factor of higher length:width
ratios. However, it is plausible that the interaction between
large player numbers (> 8 vs 8) and a stretched pitch shape
in the longitudinal direction may confine teams’ dispersion,
particularly in response to transition play, thus causing a
reduction in the effective playing space especially in the
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lateral corridors and diagonally, which ultimately limits the
chances to perform high-speed actions [23, 246]. To sum-
marize, while higher length:width ratios may increase high-
speed and very high-speed running exposure during SSG
and MSG, a balanced ratio should be maintained in LSG
for the same purposes.

5 Limitations

In conducting this systematic review and meta-analysis, we
have identified a few limitations that warrant consideration.
First and foremost, this meta-analysis included studies for
which research designs and protocols were not pre-registered
and pre-scrutinized (e.g., SPIRIT) according to strict stand-
ards suggested for observational studies (e.g., STROBE)
or randomized controlled trials (e.g., CONSORT) [274].
However, this is a common and unavoidable limitation in
meta-analysis studies when synthesizing training exposure
investigated in applied settings and under highly ecologi-
cal conditions, thus lacking proper internal validity. Given
that gray literature searches make important contributions
to systematic reviews as their exclusion can lead to exagger-
ated estimates of intervention effectiveness [280, 281], our
decision not to undertake a gray literature search could be
regarded as a limitation. Quantifying intervention effective-
ness, however, was not our research objective as we were
interested in the synthesis and quantification of sided-game
high-speed, very high-speed, and sprint running exposure
rather than the effectiveness of sided games as a fitness
intervention. We also had concerns relating to the absence
of peer review and that the inclusion of unpublished data
can itself introduce bias as any studies located may be an
unrepresentative sample of all unpublished studies [88],
and, as in other fields, unpublished studies represent a very
small proportion of included studies and rarely impact the
results and conclusions of a review [282]. We acknowledge
a single-language bias, given that we included only studies
reported in English; again, however, non-English studies
represent a very small proportion of studies (in this instance,
n=2) and therefore have little impact on a review’s con-
clusions [282]. The overall pooled sample included mostly
male adult soccer players and only 66 female participants,
thus whether the main findings can be confidently general-
ized to female populations or to youth soccer players require
further research. The grouping of high-speed, very high-
speed, and sprint distance outputs between different tracking
technologies has inherent notable flaws owing to the variety
of devices, tracking approaches, sampling rates, filtering
methods, and data-processing algorithms [274]. Finally, the
relatively low number of estimates per dataset pertaining to
sided-games characteristics such as the presence and type of
coach encouragement, number of touches, position-specific

data, and tactical instructions restricted any examination of
the associated moderating effects on exposure to high-speed,
very high-speed, and sprint running during sided-games
training. On a similar note, while the overall number of
estimates of intra-individual reliability from SSG and MSG
formats was sufficient to conduct a meta-analysis, we could
not extend the main findings to LSG formats or address and
explain any potential sources of heterogeneity.

6 Conclusions

Our study is the first to provide a quantitative synthesis of
high-speed, very high-speed, and sprint running exposure
and associated intra-individual reliability during soccer
sided-games. We found that high-speed, very high-speed,
and sprint running exposure during sided-games training is
much lower than in official matches as well as showing poor
reliability, irrespective of the sided-games formats. Coaches
and practitioners choosing to use sided games could consider
manipulating playing constraints such as area per player,
game orientation, and length:width ratio, and cross-check-
ing the velocity thresholds set in the tracking devices when
planning high-speed and sprint running exposure-focused
training and monitoring. Further work is warranted through
well-designed and unbiased studies to improve the under-
standing of the possible sources of heterogeneity observed
for high-speed, very high-speed, and sprint running exposure
and the variability around these external load measures.
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