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ABSTRACT

This meta-analysis aimed to compare the acute physiological,
physical, and technical demands in soccer players during dif-
ferent sided game formats (1v1 to 10v10). This review includ-
ed studies on soccer players with a competitive or developmen-
tal level, focusing on games with at least one comparison of
sided formats. Outcomes assessed included physiological pa-
rameters (e.g., heart rate and blood lactate levels), physical
demands (e.q., distance and accelerations), and technical ac-
tions (e.g., passes). The risk of bias assessment tool for nonran-
domized studies of interventions (ROBANS 2) and (Grading of
Recommendations, Assessment, Development and Evaluation)
were used to evaluate the risk of bias and the certainty of evi-
dence. The search across PubMed, Scopus, and Web of Science
identified 2,545 records, of which 72 studies were included.
Meta-analyses found that 2v2 and 3v3 formats were more
physiologically intense, showing higher perceived exertion and
blood lactate levels, with 3v3 also having higher heart rates.
The 4v4 and 3v3 formats resulted in greater physical demands
compared to the 2v2 format, with increased distances covered
at various speeds, although differences were minimal beyond
the 4v4 format. Smaller formats promoted ball possession,
while the 3v3 format resulted in more successful shots, drib-
bles, and passes. In conclusion, small-sided games (< 3v3) were
more physiologically demanding, mid-sized formats (>4v4)
increased locomotor demands, and smaller formats improved
technical skills, although the findings should be interpreted
cautiously due to study limitations.
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Introduction

Sided games are popular soccer-based training drills that adjust the
complexity of the game by reducing the number of players and/or
the size of the playing field [1]. To achieve the desired acute re-
sponses, coaches manipulate the task constraining variables of
these drills while preserving some of the core dynamics of the orig-
inal game [2]. One of the main reasons that sided games are so
popular is their ability to maintain key game dynamics, even when
some components are altered [3]. This allows players to remain
highly engaged in achieving specific tactical and technical goals
[4]. Furthermore, the modifications to game formats make these
drills both challenging and physiologically intense, enabling them
to serve technical and tactical developments and physical condi-
tioning (particularly aerobic endurance as well as neuromuscular
components due to accelerations and decelerations [5]).

Among the various task constraints that coaches can manipu-
late, the format of play (i.e., numerical relationships between
teams) has been one of the most studied constraints [6]. Changing
the format of play strongly influences the individual player’s par-
ticipation, which in turn impacts the overall demands of the game
and, consequently, the physical and physiological efforts required
[7]. Additionally, while tactical behavior is expected to change
across different formats of play, one of the key outcomes is the ef-
fect on the individual’s participation and the number of actions a
player can engagein [8, 9]. These aspects — whether physiological,
physical, or technical - can be directly targeted by simply adjust-
ing the sided game format.

Building on the growing evidence surrounding sided games,
various systematic reviews [1, 6, 10] on the topic have suggested
that smaller formats (e.qg., 1v1 to 4v4) tend to elicit greater physi-
ological responses, such as heart rates (HRs), rating of perceived
exertion (RPE), and blood lactate (BLa) concentrations. However,
evidence regarding physical demands (e.g., locomotor demands
as the total distance covered, distances at different speeds, accel-
erations, and decelerations) is less consistent [7]. This inconsisten-
cy may be influenced by the interaction between a format and a
pitch size. Even when maintaining a consistent player-to-area ratio
(the number of players involved in the game divided by the area of
the field, excluding goalkeepers), increasing the format size natu-
rally resultsin alarger playing field, allowing players to cover great-
er distances at higher speeds [11]. Between- and within-player var-
iability can undermine these trends, leading to conflicting findings
[12]. Regarding technical actions, studies suggest that smaller for-
mats generally lead to a higher frequency of individuals’ actions
(e.g., passes, dribbles, and shots), although evidence regarding the
accuracy of these actions is inconclusive [9].

While these trends are highlighted in published reviews
[1,6,7,9,10], two key gaps remain to be addressed: (i) no meta-
analytical comparisons have been conducted to statistically assess
the magnitude of differences in acute demands elicited by various
sided game formats, which would enable the clear identification of
distinct categories of sided games based on the similarity of their
stimuli and (ii) the variability in comparisons among individual
studies makes it difficult to provide a clear understanding of the
specific parameters of sided games that should be implemented
based on targeted outcomes. Although a previous classification
proposed by Owen et al. [13] has categorized sided games as small-

sided games (SSGs: 4v4), medium-sided games (5v5 to 7v7), and
large-sided games (LSGs: 8v8 to 10v10), this classification may have
been somewhat arbitrary, lacking sufficient evidence to identify
clear thresholds that define clusters of similar games based on com-
parable measures.

Based on this, our aim was to systematically review and meta-
analyse the acute physiological, physical, and technical demands
elicited by different sided game formats in male and female (youth
and adult) soccer players.

Materials and Methods

We conducted our systematic review in alignment with the guide-
lines specified in the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA 2020) Statement [14]. The pro-
tocol for this systematic review was made publicly available on the
Open Science Framework (project: osf.io/qza3h; registration:
[10.17605/0SF.I0/5XZUQ]) on December 09, 2024.

Eligibility criteria

The eligibility criteria were based on the PI/ECOS framework, which
considers participants, intervention/exposure, comparator, out-
comes, and study design, as outlined in > Table 1. Eligible studies

included original research articles from peer-reviewed journals,
with no restrictions on the publication year [15] or article language.

Information sources

We conducted a thorough search for relevant studies across mul-
tiple databases, including PubMed, Scopus, and Web of Science
(Core Collection), on December 10, 2024, after registering the re-
view protocol. To expand our search, we also manually examined
the reference lists of the included studies and utilized snowball ci-
tation tracking through the Web of Science database. In order to
strengthen the review’s validity, we sought input from two leading
experts in soccer, as recognized by Expertscape (https://ex-
pertscape.com/ex/soccer). Furthermore, all studies incorporated
into the review were carefully scrutinized for potential errors or re-
tractions.

Information sources

The search was conducted using Boolean operators “AND” and
“OR,” with the intentional decision to avoid applying filters or re-
strictions based on the date, language, or study design. This ap-
proach was chosen to maximize the chances of identifying relevant
studies. The search strategy used is outlined below:

[Title/Abstract] soccer OR football *

AND

[Title/Abstract] “small-sided games” OR “medium-sided games”
OR “large-sided games” OR “sided games” OR SSG OR “conditioned
games” OR “constrained games”

The complete search strategy for each database is provided in
Supplementary Material S1 (available in the online version only).

Selection process

In the first phase of the search process, two authors (FMCand DM)
independently screened the titles and abstracts of the retrieved
studies. These abstracts were assessed against the relevant eligibility
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> Table 1 Eligibility criteria in this systematic review and meta-analysis.

Inclusion criteria Exclusion criteria

Population Boys/men or girls/jwomen players enrolled in soccer, with the condition Players competing in parasports or those who were
that they were not reported as injured or unwell. Players were required injured or unwell were excluded. Additionally, players
to be actively participating in soccer training and competing at or higher participating in other football codes (e.g., futsal, beach
than tier 2 in the Participant Classification Framework? [16], regardless of football, indoor football, Australian football, Gaelic
their age. football, rugby football, or international rules football)

or other sports were excluded.

Intervention Balanced sided game formats (i.e., numerically balanced without the use Exclusion criteria included formats performed only once

or/and of floaters or numerical disadvantages) were eligible if compared with a (which could increase variability) and studies that

exposure different format while maintaining consistent rule conditions. Alterations modified task rules or objectives compared to the
in field dimensions were permitted. Additionally, changes in the regimen control group (e.g., altering the scoring method).
(e.g., duration per set and/or number of repetitions) were allowed, Numerically unbalanced formats (e.g., 3v2 or 3v3+2)
provided that they reflected regular adjustments made to accommodate were also excluded from the analysis.
physiological demands. To be included, each format had to be played at
least twice by the same players, either within the same session or across
different sessions.

Comparator Sided games other than the one tested in the intervention were eligible Comparators were excluded if they did not maintain
if they were numerically balanced. The comparator had to follow the consistent experimental conditions (e.g., task rules and
same task rules (e.g., scoring methods and the number of ball touches objectives) or if the sided game was performed only
allowed) as the tested sided game. Each format had to be repeated at once. Comparisons involving numerically unbalanced
least twice, either within or across sessions, under conditions compara- formats were also excluded.
ble to the other sided game.

Outcomes At least one measure from the following dimensions: (i) physiological Tactical measures, collective behavior measures, and
responses (e.g., HR, BLa, or RPE), (ii) physical demands (e.g., total psychological and sociological measures were excluded.
distance, distances covered at different speed thresholds, and accelera- Additionally, indicators of well-being or readiness, as
tion/deceleration), and (iii) technical actions (e.g., passes, receptions, well as studies examining the effects of muscle fatigue,
and shots). were not considered.

Study design Counterbalanced designs were eligible. Studies with non-counterbalanced designs were

excluded.

Abbreviations: BLa: blood lactate; HR: heart rate; RPE: rating of perceived exertion.

aThe competitive level was classified based on the Participant Classification Framework [16] where Tier 2 refers to the trained/developmental level,
Tier 3 refers to the highly trained/national level, Tier 4 refers to the elite/international level, and Tier 5 refers to world class.

criteria. During the second phase, the full-text versions of the stud-
ies retained from the first phase were separately reviewed by the
same two authors. In cases of disagreement at either phase, the
authors engaged in further discussion, and if they could not reach
a consensus, a third author (RMS) was consulted to make a final de-
cision. To manage records efficiently and remove duplicates, a com-
bination of manual and automated methods was used, supported
using EndNot software (version 21.5, Clarivate Analytics, Philadel-
phia, PA).

Data collection process

The lead author (FMC) initially conducted the data extraction pro-
cess, which was then carefully reviewed for accuracy and complete-
ness by two additional authors (DM and RMS). To support this pro-
cess, a dedicated Microsoft Excel spreadsheet (Microsoft, USA) was
developed to capture all relevant data. A sample excerpt from this
datasheet is provided in Supplementary Material S2 (available in
the online version only). To address issues of missing data from the
full-text versions of studies, the lead author (FMC) reached out to
the corresponding author via email and ResearchGate to request
the missing information. If no response was received within 2
weeks, the data from those studies were excluded from both the
review and the meta-analysis.

Data items

The following general details were extracted from each included
study: (i) sample size; (ii) age, sex, and competitive level of the play-
ers, as classified according to the Participant Classification Frame-
work [16]; (iii) the sided game format; (iv) the field dimensions and
player-to-area ratio; (v) specific task rules and task objectives; and
(iv) the number of sessions and repetitions performed per sided
game and the total duration per each format. We also collected in-
formation on contextual factors, including the phase of the season,
the time of day each testing session occurred, and the randomiza-
tion process applied to the sequence of sided games.

For physiological measures, the following variables were extract-
ed, including but not limited to: (i) cardiovascular responses (e.g.,
mean and peak HRs), (ii) blood lactate levels, and (iii) RPE. For phys-
ical demands, the following variables were extracted, including but
not limited to: (i) total distance covered, (ii) distance covered across
different speed thresholds, (iii) the number of accelerations and
decelerations at varying intensity levels, and (iv) mechanical work-
load metrics (physical effort and energy expended by the body in
terms of movement and force production) derived from inertial
measurement units. In terms of technical performance, the follow-
ing variables were extracted, including but not limited to: (i) total
and accuracy-adjusted number of passes, (ii) total and accuracy-
adjusted number of receptions, (iii) total and accuracy-adjusted
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number of shots, (iv) total and accuracy-adjusted number of drib-
bles, and (v) ball possessions and lost balls.

When data were presented graphically, a specialized software
tool was utilized to extract the mean and standard deviation (SD;
http://www.getdata-graph-digitizer.com). This software is known
forits precision and reliability in extracting these values [17].

Risk of bias assessment

The revised risk of bias assessment tool for nonrandomized stud-
ies of interventions (RoBANS 2) was used to assess the risk of bias
(RoB) in the included studies. The revised version demonstrated
acceptable feasibility, fair-to-moderate reliability, and construct
validity [18]. The tool evaluates the RoB across the following do-
mains: (i) comparability of the target group, (ii) target group selec-
tion, (iii) confounders, (iv) measurement of intervention/exposure,
(v) blinding of assessors, (vi) outcome assessment, (vii) incomplete
outcome data, and (viii) selective outcome reporting. The global
RoB was classified as unclear, high, or low, and this classification
aimed to support the interpretation of the results and help deter-
mine the overall strength of evidence. Two authors (JA and RMS)
independently applied this scale to assess the study quality. Any
discrepancies in ratings were resolved through discussion, with a
final decision made by a third author (FMC).

Summary measures, synthesis of results, and
publication bias

Meta-analysis typically requires data from at least two studies to
produce valid results [19]. However, due to the frequent presence
of small sample sizes in sports science research [20], especially in
studies on sided games [21], this meta-analysis only included data
from studies that reported both means and SDs for comparisons
involving at least three study groups across different sided game
formats of a specific variable. To ensure consistency in data analy-
sis and reporting, only outcomes that reported means and SDs in
at least three studies were included.

To calculate effect sizes (ESs; Hedge’s g) for each outcome, the
relevant means and SDs were used. If the means and SDs were not
directly available, they were estimated from 95 % confidence inter-
vals (Cls) or standard errors of the mean using Cochrane’s RevMan
calculator. An integrative method was adopted to combine multi-
ple ESs from the same study [22].

Arandom-effects model was applied to account for the variabil-
ity among studies, which could impact the SSG outcomes [23, 24].
ESs were presented with 95 % Cls. The ES values were classified ac-
cording to the following scale: <0.2 (trivial), 0.2-0.6 (small), 0.6-
1.2 (moderate), 1.2-2.0 (large), 2.0-4.0 (very large), and >4.0 (ex-
tremely large) [25]. The impact of heterogeneity was assessed
using the /2 statistic, with values of <25, 25-75, and > 75 % indicat-
ing low, moderate, and high heterogeneity, respectively [26]. The
95 % Cls were assessed to describe the precision of the combined
effect. The risk of publication bias was evaluated with the extend-
ed Egger’s test only when at least 10 studies were available per
comparison [26]. Additionally, potential contributors to heteroge-
neity were investigated including the competitive level, training
regimen and sided game field dimensions by segregating the me-
ta-analyses based on each of these variables [27]. To address po-
tential publication bias, a sensitivity analysis was performed using

the trim and fill method [28]. All statistical analyses were conduct-
ed using comprehensive meta-analysis software (version 2; Bio-
stat, Englewood, NJ, USA), with statistical significance set at
p<0.05.

To examine the effect of pitch size, we included studies that
maintained a similar player-to-area ratio. Based on the median
value of all studies (i.e., 100 m2), two groups were created: <100
and>100 m2. Comparisons between these two groups regarding
different game formats were conducted only for variables that had
at least three studies in each group.

Certainty assessment

The assessment focused on the five criteria outlined in the GRADE
framework [29, 30] which include the RoB, indirectness, inconsist-
ency, the risk of publication bias [27], and imprecision (all factors
that can downgrade the certainty of evidence). These factors were
used to determine the quality of evidence related to load and per-
formance outcomes, categorizing it as high, moderate, low, or very
low. Since all the studies were non-randomized, they initially re-
ceived a low-quality rating. However, the quality could be increased
if there were substantial ESs, effective control over potential con-
founders, and evidence of a dose-response relationship. Upgrades
were only made if there were no grounds for downgrading, in ac-
cordance with the GRADE guidelines [31-34].

To evaluate the confidence in evidence, we established a com-
prehensive set of criteria. Initially, we assessed the RoB in the in-
cluded studies. If a moderate RoB was identified, the evidence was
downgraded by one level. In cases where a high RoB was observed,
a two-level downgrade was applied. We considered the evidence
to have low indirectness by default, as the study populations, ex-
posures, and outcomes met the eligibility criteria for direct rele-
vance. Regarding the publication bias, we chose not to evaluate
this risk, as each analysis included fewer than 10 studies [27]. For
inconsistency, heterogeneity was evaluated based on the 95% CI
[27]. Finally, imprecision was assessed by considering the sample
size and the clarity of the effect. Evidence was downgraded by one
level if the sample size was smaller than 800 participants (fewer
than 400 per group [35] orif the effect direction was unclear (e.g.,
when the 95 % Cl crossed zero [35]. Evidence was downgraded by
two levels forimprecision in the case where both factors were pre-
sent.

Results

Study identification and selection

Database searches identified a total of 2,545 records. After remov-
ing duplicates (n=1,230), 1,315 studies remained for screening
based on their titles and abstracts. Of these, 1,197 studies were ex-
cluded, resulting in 118 studies selected for the full-text review.
During the full-text assessment, 47 studies were deemed ineligible
based on the predefined criteria (see Supplementary Material S2,
available in the online version only). Consequently, 71 studies were
included in the review. Additionally, one more study was identified
through alternative methods, such as expert recommendations.
This brought the total number of studies included in this review to
72.
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RoB assessment

The RoBAN 2 tool was used to assess the RoB, revealing that while
the RoB is low for comparability of the target group (98.6 % of stud-
ies show low risk), target group selection (100 % of studies show
low risk), measurement of intervention/exposure (98.6 % of stud-
ies show low risk), outcome assessment (100 % of studies show low
risk), and blinding of assessors (79.2 % of studies), there is an un-
clear RoB in incomplete outcome data (59.7 % of studies) and se-
lective outcome reporting (90.3 % of studies). Additionally, there
is a tendency toward a high RoB in confounding (56.9 % of studies
show high risk). > Table 2 presents the specific RoB for each study.

Study characteristics

» Table 3 exhibits the characteristics of the included studies. A total
of 72 studies included 1,767 participants, with a median of 18 par-
ticipants per study. The number of participants ranged from a min-
imum of 8 [36] to a maximum of 197 [54]. In terms of competitive
levels, Tier 2 (trained/developmental) was the most frequent, with
43 studies, followed by Tier 3 (highly trained, national) with 20
studies, Tier 4 (elite/international) with 8 studies, and Tier 5 (world
class) with 1 study [98]. Regarding sex, men were the most com-
monly analyzed (n=44), with three studies [88,94, 101] exclusive-
ly focused on women and two studies [50,51] including both men
and women. Twenty-three studies did not report the sex of the par-
ticipants. In terms of age, 29 studies had an average participants’
age of greater than 20, while 42 studies had an average age of 18
years or younger.

Regarding the dimensions of analysis, 48 studies included psy-
chophysiological measures, followed by 42 studies that analyzed
physical demands. Technical elements were assessed in 27 studies.
Nine studies integrated both physiological and physical measures,
16 studies integrated both physiological and technical measures,
and 7 studies integrated both physical and technical measures.

> Table 4 presents the characteristics of the sided games. The
1v1 format was analyzed in 7 studies, 2v2 in 28 studies, 3v3 in 45
studies, 4v4 in 45 studies, 5v5 in 25 studies, 6v6 in 19 studies, 7v7
in 14 studies, 8v8 in 10 studies, 9v9 in 5 studies, and 10v10in 5
studies. Each format may have included or excluded a goalkeeper.
For example, 33 studies involved goalkeepers, while 18 studies fo-
cused on sided games with ball possession as the main task objec-
tive, 20 studies analyzed sided games with small goals, and 3 stud-
ies employed the stop-ball rule as the primary task objective.

Results of individual studies and meta-analysis
Physiological outcomes

» Table 5 summarizes the meta-analysis parameters of different
formats of sided games in relation to physiological outcomes, in-
cluding RPE, maximal HRs, average HRs, and BLa levels. The results
indicate that the RPE was higher in smaller game formats. All the
comparisons performed were statistically significant, with the over-
all Hedge’s g-values ranging from-1.917 (large ES) to-0.524
(small ES). Heterogeneity levels were categorized as follows: low
in three comparisons (2v2 vs. 5v5, 4v4 vs. 5v5, and 5v5 vs. 6v6),
moderate in four comparisons (2v2 vs. 3v3, 3v3 vs. 4v4, 3v3 vs.
6v6, and 4v4 vs. 6v6), and high in two comparisons (2v2 vs. 4v4
and 3v3vs. 5v5). Additionally, the risk of publication bias was iden-
tified in three comparisons: 2v2 vs. 3v3 (Egger’s intercept=-6.251;

p<0.05), 2v2 vs. 4v4 (Egger’sintercept=-9.254; p<0.01), and 3v3
vs. 4v4 (Egger’s intercept=-7.769; p<0.01).

The maximal HR was significantly higher in the 3v3 format com-
pared to the 4v4 format (Hedge’s g=-0.467), and also in the 4v4
format when contrasted with the 5v5 format (Hedge’s g=-0.365)
and 6v6 format (Hedge’s g=-0.856). Furthermore, the maximal
HR was significantly higher in the 5v5 format compared to the 6v6
game format (Hedge’s g=-0.355), with low heterogeneity
(P=20.8%).

The average HR was largely and moderately greater in the com-
parisons of 2v2 vs. 4v4 and 3v3 vs. 4v4, respectively, with high het-
erogeneity observed (2v2 vs. 4v4: 12=92.6 %; 3v3 vs. 4v4:
2=79.1%). In the first comparison, no trimmed studies were iden-
tified.

BLa levels were, on average, higher in smaller game formats.
The magnitude of differences was moderate when comparing
2v2 to 3v3, very large when contrasting 2v2 with 4v4, and large
when comparing 3v3 to 4v4. Heterogeneity values ranged from
34 % to 88 %, with the publication bias identified in the compari-
sons of 2v2 vs. 3v3 (Egger’s intercept=-9.99; p<0.01), 2v2 vs.
4v4 (Egger’sintercept=-12.729; p<0.01) and 3v3 vs. 4v4 (Egg-
er’s intercept=-14.856; p<0.01). In these comparisons,
trimmed studies were identified but the adjusted values did not
change considerably.

By accessing the public repository of the review at https://osf.
io/qza3h/, readers can obtain the raw data included in the meta-
analysis for all assessed measures, as well as the forest plots for
physiological, physical, and technical outcomes.

Physical outcomes

» Table 6 highlights the statistical analysis of sided game physical
demands across various game formats. The total distance covered
was significantly higher in larger game formats. The differences
were very large when comparing 2v2 with 3v3 (Hedge’s g=2.635)
and 4v4 (Hedge’s g=4.095). In contrast between 3v3 and 4v4, the
differences were large (Hedge’s g=1.299). Heterogeneity in these
comparisons was classified as high, and the publication bias was
observed across all three meta-analyses. No trimmed studies were
identified. Additionally, the total distance covered was significant-
ly higherin the 5v5 format compared to the 10v10 format (Hedge’s
g=1.207) and also higher in the 6v6 format compared to the 9v9
format (Hedge’s g=1.483) and 10v10 format (Hedge’s g=0.743).

The distance covered in the range of 0-6.9 km h~1 was higher
in 4v4 compared to both 2v2 (Hedge’s g=2.130) and 3v3 (Hedge’s
g=1.289). Heterogeneity values in these comparisons were high.
Additionally, the distance covered in the range of 0-6.9 km h~1 was
significantly greater in 5v5 than in 3v3 (Hedge’s g=0.546), with
moderate heterogeneity across studies.

For distances covered in the ranges of 7-13kmh-Tand 13-17.8
km h~1, the results indicated that 4v4 showed significantly greater
distances compared to 2v2 and 3v3. The magnitude of differences
varied from small (Hedge’s g=0.574) to very large (Hedge’s
g=2.525). Norisk of publication bias or trimmed studies was iden-
tified for the 7-13 km/h range (2v2 vs. 4v4 comparison).

The distance covered at a speed greater than 18 km h~1 favored
the larger game formats. The differences between 2v2 and 3v3
(Hedge’s g=1.031) and between 2v2 and 4v4 (Hedge’s g=1.314)
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> Table 2 Risk of bias assessment using the revised version of the risk of bias assessment tool for nonrandomized studies (ROBANS 2).

Study Compara- Target Confound- Measure- Blinding Outcome Incom- Selective
bility of group ers ment of of assessment plete outcome
the target selection intervention/ assessors outcome reporting
group exposure data

Aasgaard et al. [36] Low Low Low Low Low Low High Unclear

Abrantes et al. [37] Low Low Low Low Low Low Unclear Unclear

Ade et al. [38] Low Low High Low Low Low Unclear Unclear

Aguiar et al. [39] Low Low High Low Low Low High Unclear

Alashti et al. [40] Low Low Low Low Low Low Low Unclear

Alcéntara et al. [41] Low Low Low Low Low Low High Unclear

Almeida et al. [42] High Low Low Low High Low Unclear Unclear

Arslan et al. [43] Low Low Low Low Low Low Unclear Unclear

Asci et al. [44] Low Low High Low Low Low Unclear Unclear

Asian-Clemente et al. [45] Low Low Low Low Low Low Low Unclear

Asin-lzquierdo et al. [46] Low Low High Low Low Low Unclear Unclear

Beato et al. [47] Low Low Low Low Low Low High Unclear

Beato et al. [48] Low Low High Low Low Low Low Unclear

Beenham et al. [49] Low Low High Low Low Low Unclear Unclear

Bergmann et al. [50] Low Low High Low High Low Unclear High

Bergmann et al. [51] Low Low High Low Unclear Low Unclear High

Brandes et al. [52] Low Low High Low Low Low Unclear Unclear

Bravo-Sénchez et al. [53] Low Low Low Low Low Low Low Unclear

Brito et al. [54] Low Low Low Low Low Low Unclear Unclear

Casamichana et al. [55] Low Low High Low Low Low Unclear Unclear

Castellano et al. [56] Low Low Low Low Low Low Unclear Unclear

Castellano et al. [57] Low Low High Low Low Low Unclear Unclear

Clemente [58] Low Low High Low Low Low Unclear Unclear

Clemente et al. [59] Low Low High Low Low Low Low Unclear

Clemente et al. [60] Low Low High Low Low Low Unclear Unclear

Clemente et al. [61] Low Low High Low Low Low Low Unclear

Clemente et al. [62] Low Low High Low Low Low Unclear Unclear

Clemente et al. [63] Low Low High Low Low Low Low Unclear

Costa et al. [64] Low Low High Low Low Low Unclear Unclear

Da Silva et al. [65] Low Low High Low Low Low Low Unclear

Dalen et al. [66] Low Low Low Low Low Low Unclear Unclear

Dellal et al. [67] Low Low High Low Low Low High Unclear

Dellal et al. [68] Low Low Low Low High Low Unclear High

Dellal et al. [69] Low Low Low Low Unclear Low Unclear High

Dellal et al. [70] Low Low High Low Low Low Low Unclear

Dellal et al. [71] Low Low High Low Low Low Unclear High

Dimitriadis et al. [72] Low Low Low Low Low Low Unclear Unclear

Edis et al. [73] Low Low High Low High Low Low Unclear

Evangelos et al. [74] Low Low High Low High Low High Unclear

Farhani et al. [75] Low Low Low Low High Low Unclear Unclear

Febré et al. [76] Low Low Low Low High Low Low Unclear

Garcia-Angulo et al. [77] Low Low High Low High Low Unclear Unclear

Giménez et al. [78] Low Low High Low Low Low High Unclear

Halouani et al. [79] Low Low Low Low Low Low Unclear Unclear

Harrison et al. [80] Low Low Low Low High Low Unclear Unclear

Hill-Haas et al. [81] Low Low High Low Low Low High Unclear

Jastrzebski et al. [82] Low Low High Low Low Low High Unclear

Kokld et al. [83] Low Low Low Low Low Low Unclear Unclear

Kokld [84] Low Low Low Low Low Low Unclear Unclear
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> Table 2 Continued.

nt tool for nonrandomized studies (ROBANS 2).

Kokld et al. [85] Low Low Low Low Low Low Unclear Unclear
Kokli et al. [86] Low Low Low Low Low Low Unclear Unclear
Kokld et al. [87] Low Low Low Low Low Low Unclear Unclear
Kokli et al. [88] Low Low Low Low Low Low Unclear Unclear
Kokli et al. [89] Low Low Low Low Low Low High Unclear
Little et al. [90] Low Low High High High Low High Unclear
Lex etal. [91] Low Low High Low Low Low Low Unclear
L6pez-Fernandez et al. [92] Low Low High Low Low Low Low Unclear
Makar et al. [93] Low Low High Low Low Low Unclear Unclear
Mara et al. [94] Low Low High Low Low Low Unclear Unclear
Martin-Garcia et al. [95] Low Low High Low Low Low Unclear Unclear
Owen et al. [96] Low Low High Low High Low High Unclear
Owen et al. [13] Low Low Low Low Low Low High Unclear
Papadopoulos et al. [97] Low Low Low Low Low Low High Unclear
Pinheiro et al. [98] Low Low High Low Low Low High Unclear
Rampinini et al. [99] Low Low Low Low Low Low Unclear Unclear
Rebelo et al. [100] Low Low Low Low Low Low Unclear Unclear
Savolainen et al. [101] Low Low High Low Low Low Unclear Unclear
Silva et al. [102] Low Low High Low Low Low Unclear Unclear
Wang et al. [103] Low Low High Low High Low Low Unclear
Yilmaz et al. [104] Low Low Low Low High Low Unclear Unclear
Younesi et al. [105] Low Low High Low Low Low Unclear High

Younesi et al. [106] Low Low High Low Low Low Unclear High

were classified as moderate and large, respectively. Both compari-
sons exhibited high heterogeneity. In the comparison of 3v3 vs.
4v4 for the distance covered>18 km h~1, the results favored the
4v4 format, with a small magnitude of difference between the
game formats (Hedge’s g=0.454).

No differences between formats were noted for the following
variables: the distance covered greater than 19 km h~1, the num-
ber of accelerations, and the number of decelerations. However,
the number of sprints was higher in the 4v4 format compared to
the 2v2 format, favoring the larger soccer format (Hedge’s
g=0.418), with low heterogeneity observed. Itisimportant to note
that the comparisons of the number of accelerations, decelerations,
and sprints included different thresholds used across the studies.

Technical outcomes

> Table 7 describes the meta-analysis data comparing technical
variables across different sided games formats. The number of pass-
es completed was significantly higher in 3v3 compared to 2v2
(Hedge’s g=1.175), with high heterogeneity observed (12=81.5%).
In contrast, the number of dribbles performed was very significant-
ly higherin 3v3 compared to 4v4 (Hedge’s g =-3.939). Heteroge-
neity in this comparison was also high (12=96.3 %).

The number of successful shots (in case of games with small
goals or regular goals) was higher in 3v3 compared to both 5v5
(Hedge’s g=-0.763) and 6v6 (Hedge’s g=-1.060). The heteroge-
neity was moderate in both comparisons (3v3 vs. 5v5: 12=39.6 %;
3v3vs. 6v6: 12=70.1 %). Ball possession was significantly higher in
4v4 compared to 2v2 (Hedge’s g=-1.948) and 3v3 (Hedge’s
g=1.593; » Fig. 1).

Comparing play formats across different player-to-
area ratios

Sub-group analyses were conducted for three variables: the rate of
perceived exertion, maximal HR, and total distance covered, across
three game formats (2v2 vs. 3v3, 2v2 vs. 4v4, and 3v3 vs. 4v4).
» Fig. 2 presents the sub-group analyses for the rate of perceived
exertion (panel A), maximal HR (panel B), and total distance cov-
ered (panel C). The overall effect of the rate of perceived exertion
was significantly higher in the 2v2 format (Hedge’s g=-0.985,
p<0.05). For studies with a player-to-area ratio below or equal to
the median of all studies, the effect was non-significant (Hedge’s
g=-0.624, p=0.206). In contrast, studies with a player-to-area
ratio of greater than 100 m? yielded a significant effect (Hedge’s
g=-1.475, p<0.05). For the maximal HR, the comparisons across
both groups showed non-significant differences. In terms of the
total distance covered, the 3v3 format was favored over the 2v2
format, demonstrating very large effects for a player-to-area ratio
of <100 m2 (Hedge’s g=3.963, p<0.05). However, for a player-to-
area ratio of >100 m2, no significant differences were found
(Hedge’sg=-0.210, p=0.88).

When comparing the 2v2 and 4v4 formats, the rate of perceived
exertion was higherin the 2v2 format (Hedge’s g=1.958, p<0.05).
Sub-group analyses indicated moderate effects for player-to-area
ratios of <100 m2 (Hedge’s g=-1.107, p<0.05) and large effects
for those>100 m2 (Hedge’s g=-1.958, p<0.05). The differences
in the maximal HR between game formats were non-significant. In
terms of the total distance covered, the 4v4 format produced sig-
nificantly higher results for player-to-area ratios of <100 m?2
(Hedge’s g=4.512, p<0.05), while negligible differences were
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> Table 3 Characteristics of the included studies.

Study Com- Sex N Age (y) Physiological Physical demands Technical actions
petitive measures extracted extracted
level extracted
Aasgaard et al. [36] Tier 2 n.d. 8 23.6%3.3 HRpeak (%), TD (m), workload (m/min), n.a
HRave (%), RPE speed max (km/h), speed
(A.U.) average (km/h), and TD at
different speed thresholds
Abrantes et al. [37] Tier 2 Men 16 15.8+0.5 HR zones 1-5 n.a. Pass, receive, dribble,
(min) and RPE shot, tackle, and
(A.U.) interception
Ade et al. [38] Tier 3 Men 16 17.0£1.0 HRave (%), TD (m), TD at different speed | n.a.
HRpeak (%), BLa thresholds, acceleration and
(mmol/L), and deceleration distances at 2-3
RPE (A.U.) and>3 m/s?
Aguiar et al. [39] Tier 3 Men 10 18.0£0.7 HRmax (%) and TD (m), TD at different speed | n.a
HR zones 1-5 thresholds, and accumulated
(min) load (A.U.)
Alashti et al. [40] Tier 2 Men 24 17.1£1.1 HR (bpm), HRmax | n.a. n.a
(%) and BLa
(mmol/L)
Alcantaraetal. [41] | Tier2 Men 11 13.0+0.8 RPE (A.U.) TD (m) and TD at different Successful passes,
speed thresholds unsuccessful passes,
contacts with the ball,
ball involvement, goals
scored, shots on the
target, and unsuccess-
ful shots

Almeida et al. [42] Tier 2 Men 28 12.9+0.6 n.a. n.a. Ball possession, ball
touches, passes, shots
and goals

Arslan et al. [43] Tier 2 n.d. 16 16.9+0.3 HR (bpm), HRmax | TD (m) and TD at different n.a.

(%), BLa (mmol/L), | speed thresholds
and RPE (A.U.)
Asci et al. [44] Tier 3 Men 22 17.4+0.9 HR (bpm), HRmax | n.a. n.a
(%), and HR zones
Asian-Clemente et Tier 3 Men 15 24.4+4.2 HRave (bpm), TD (m), TD at different speed | n.a
al. [45] HRmax (%), and thresholds, and acceleration
RPE (A.U.) and deceleration distance
at>2.5 m/s?
Asin-lzquierdo et al. | Tier2 Men 30 21.6+4.4 HRave (bpm), TD (m), TD at different speed | n.a
[46] HRmax (%), RPE thresholds, and acceleration
(A.U.), and TRIMP | and deceleration
(A.U.)
Beato et al. [47] Tier 2 Men 12 22.5+1.8 HRmax (%) and n.a. Passes, dribbles, and
RPE (A.U.) passes in the target
Beato et al. [48] Tier 3 Men 25 27+9 RPE (A.U.) TD (m/min), TD at different n.a.
speed thresholds and
acceleration and deceleration

Beenham et al. [49] | Tier2 n.d. 40 17.0+0.6 n.a. Player load n.a.

Bergmann et al. [50] | Tier 2 Both 85 7t09 n.a. n.a. Total actions, passes,
dribbles, goals, and
duels

Bergmann et al. [51] | Tier 2 Both 43 9 n.a n.a Game performance,
decision-making index,
skill execution, and
support index

Brandes et al. [52] Tier 2 Men 17 14.9+0.7 HR (bpm), HRmax | TD at different speed n.a.

(%), HR zones, RPE
(A.U.), and BLa
(mmol/L)

thresholds
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Study Com- Sex N Age (y) Physiological Physical demands Technical actions
petitive measures extracted extracted
level extracted

Bravo-Sanchezetal. | Tier2 Men 154 10.7+0.8 n.a. TD, TD at different speed Passes, dribbles,

[53] thresholds, and acceleration recoveries, clearances,
shots, ball contacts,
and attacking
movements

Brito et al. [54] Tier 2 n.d. 197 10.1£2.7 n.a. TD and TD at different speed | n.a.

thresholds
Casamichana et al. Tier 2 n.d. 18 23.4£45 n.a TD, TD at different speed n.a
[55] thresholds, player load,
maximum speed, work-to-
rest ratio, and accelerations
Castellano et al. [56] | Tier 3 Men 14 21.3+23 n.a. TD (m), player load, and work | n.a.
to rest ratio
Castellano et al. [57] | Tier2 n.d. 22 12.1+£0.4 HRmax (%) and TD, player load, maximum n.a.
HR zones speed, and work-to-rest ratio
Clemente [58] Tier 2 Men 24 16.3£0.8 HRave (bpm) and | TD (m/min) Successful passes,
RPE unsuccessful passes,
successful shots,
unsuccessful shots, lost
ball, and interceptions

Clemente et al. [59] | Tier2 Men 12 7.6x0.5 n.a. n.a. Received balls,
conquered balls, lost
balls, attacking balls,
neutral balls,
not-succeeded shots.
and succeeded shots

Clemente et al. [60] | Tier4 Men 22 24.6+2.8 n.a. TD (m/min), TD at different n.a.

speed thresholds, and player
load

Clemente etal. [61] | Tier2 Men 16 10.1£0.3 n.a. n.a. Received balls,
conquered balls, lost
balls, attacking balls,
neutral balls,
not-succeeded shots,
and succeeded shots

Clemente et al. [62] | Tier4 Men 23 24.6+2.8 n.a. TD (m/min), TD at different n.a.

speed thresholds, and
accelerations
Clemente et al. [63] | Tier3 Men 23 16.8+0.4 HR (bpm), HRave | TD (m/min), TD at different n.a.
(bpm), and speed thresholds, and
HRpeak (bpm) accelerations and decelera-
tions

Costa et al. [64] Tier 2 Men 11 11.1+£0.4 n.a. n.a. Goals, shots, passes,
player’s involvement,
ball possession, volume
of play, and player’s
efficiency index and
performance score

Da Silva et al. [65] Tier 2 Men 16 13.5+0.7 HRmax (%) n.a. Passes, target passes,
involvements with the
ball, crosses, dribbling,
shot on goals, tackles,
and headers

Dalen et al. [66] Tier 3 Men 26 249+4.2 n.a. TD (m/min), TD at different n.a.

speed thresholds, accelera-
tions and decelerations, and
player’s load

718

Clemente FM et al. Physiological, physical and technical... Int | Sports Med 2025; 46: 710-741 | © 2025. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



» Table 3 Continued.

Study Com- Sex N Age (y) Physiological Physical demands Technical actions
petitive measures extracted extracted
level extracted
Dellal et al. [67] Tier 4 n.d. 20 27.4+1.5 n.a. TD (m) and TD at different Duels, successful
speed thresholds passes, balls lost, and
possessions
Dellal et al. [68] Tier 4 Men 10 26.0+2.9 HRres (%) n.a. n.a.
Dellal et al. [69] Tier 4 n.d. 20 27.0%£2.0 HRmax (%), HRres | TD (m) and TD at different Duels, successful
(%), RPE (A.U.), speed thresholds passes, balls lost, and
and BLa (mmol/L) possessions
Dellal et al. [70] Tier 4 n.d. 20 27.4+1.5 HRmax (%), HRres | TD (m) and TD at different Duels, successful
(%), RPE (A.U.), speed thresholds passes, balls lost, and
and BLa (mmol/L) possessions
Dellal et al. [71] Tier 3 n.d. 27 16.5£0.5 HRres (%) n.a. n.a.
Dimitriadis Tier 2 n.d. 16 14.8£0.5 HRmax (%) and TD (m), TD at different speed | n.a.
etal. [72] RPE (A.U.) thresholds, and accelerations
and decelerations
Edis et al. [73] Tier 2 Men 16 17.2+1.0 HR (bpm) n.a. Successful and
unsuccessful tackles,
successful and
unsuccessful shooting,
successful and
unsuccessful dribbling,
and successful and
unsuccessful pass
Evangelos et al. [74] | Tier2 Men 9 17.2+0.5 HRave (bpm), n.a. Turn, dribble, tackle,
HRpeak (bpm), interception, receive,
and BLa (mmol/L) pass, header, and block
Farhani et al. [75] Tier 3 Men 16 20.7+0.7 HRpeak (%), BLa n.a. Successful passes,
(mmol/L), and successful tackles,
RPE (A.U.) successful duels, and
ball lost
Febré et al. [76] Tier 2 Men 10 9.3+0.4 HRmax (bpm), n.a. Successful and
HRmean (bpm) unsuccessful passes,
and HR zones 1-5 interceptions, tackles,
and steal
Garcia-Angulo Tier 2 Men 40 11.7+£0.4 n.a n.a Steal, clearance,
etal. [77] rebound, pass
interception, set-piece
kick, pass, pass after
throw-in, pass after
set-piece, and throw-in
Giménez et al. [78] Tier 3 Men 14 23.2+2.7 n.a. TD (m), TD at different speed | n.a.
thresholds and accelerations
and decelerations at different
thresholds
Halouani et al. [79] Tier 2 n.d 18 13.5+0.7 HR (bpm), BLa n.a. n.a
(mmol/L), and
RPE (A.U.)
Harrison et al. [80] Tier 2 Men 10 13.0+0.3 HRpeak (%), HR TD (m) and TD at different Possessions, passes,
zones, and RPE speed thresholds successful passes, and
(A.U.) shots: successful shots
Hill-Haas et al. [81] Tier 2 Men 16 16.3+0.6 HRmax (%), HR TD (m) and TD at different n.a.
zones, BLa speed thresholds
(mmol/L), and
RPE (A.U.)
Jastrzebski et al. [82] | Tier3 n.d 13 27.1+£5.2 HRmax (%) TD (m) n.a
Kokl et al. [83] Tier 3 Men 15 17.0+£1.0 HRmax (%), BLa TD (m), TD at different speed | n.a

(mmol/L), and
RPE (A.U.)

thresholds, and maximum
speed
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[101]

(A.U.), and BLa
(mmol/L)

speed thresholds, and
accelerations and decelera-
tions

Study Com- Sex N Age (y) Physiological Physical demands Technical actions
petitive measures extracted extracted
level extracted
Kokli [84] Tier 2 n.d 20 16.6+0.5 HR (bpm), HRmax | n.a. n.a
(%), and BLa
(mmol/L)
Kokld et al. [85] Tier 2 n.d 16 14.2+0.6 HR (bpm), HRmax | n.a. n.a
(%), and RPE
(A.U.)
Kokli et al. [86] Tier 2 n.d 14 16.7£0.6 HRmax (%), RPE n.a. n.a
(A.U.), and BLa
(mmol/L)
Kokli et al. [87] Tier 2 n.d 16 15.7+0.4 HR (bpm), HRmax | n.a. n.a
(%), and BLa
(mmol/L)
Kokli et al. [88] Tier 2 n.d 16 16.5+1.5 HRmax (%), RPE TD (m) and TD at different n.a
(A.U.), and BLa speed thresholds
(mmol/L)
Kokl et al. [89] Tier 2 Women 16 16.1+2.3 HRmax (%), RPE TD (m) and TD at different n.a
(A.U.), and BLa speed thresholds
(mmol/L)
Little et al. [90] Tier 3 n.d 28 24.0£5.0 HRmax (%) and n.a. n.a
RPE (A.U.)
Lex etal. [91] Tier 2 n.d n.d 7 n.a. n.a. Passing, dribbling,
shooting, and scoring
Lopez-Fernandez Tier 2 n.d 63 14-18 n.a. TD (m), TD at different speed | n.a.
etal. [92] thresholds, maximum speed,
and mean speed
Makar et al. [93] Tier 2 Men 20 17 n.a. Peak speed and sprint n.a
Mara et al. [94] Tier 3 Women 18 24.3+4.2 HRpeak (%), TD (m/min), TD at different n.a
HRmean (%), and | speed thresholds, peak
HR zones speed, and acceleration
Martin-Garcia et al. Tier 3 n.d 21 20.4£1.2 n.a. TD (m/min), TD at different n.a
[95] speed thresholds, and
accelerations and decelera-
tions
Owen et al. [96] Tier 4 Men 15 26.3x4.9 HRmax (%) and n.a. Block, dribble, header,
HR zones interception, pass,
receive, shot, turn,
tackle, and ball
contacts
Owen et al. [13] Tier 4 Men 10 27.6+4.1 n.a. TD (m) and TD at different Block, dribble, header,
speed thresholds interception, pass,
receive, shot, turn, and
tackle
Papadopoulos Tier 3 Men 16 18.4+2.3 HRmax (%) TD (m), TD at different speed | n.a
etal. [97] thresholds, and accelerations
Pinheiro et al. [98] Tier 5 Men 9 25.1+£4.6 n.a. TD (m) and accelerations n.a
Rampinini et al. [99] | Tier 2 n.d 20 24.5+4.1 HRmax (%), BLa n.a. n.a
(mmol/L), and
RPE (A.U.)
Rebelo et al. [100] Tier 2 Men 18 20.7£1.0 HR (bpm) and BLa | TD (m/min), TD at different Tackles, ball intercep-
(mmol/L) speed thresholds and tions, duels, passes,
accelerations and decelera- runs with ball, shots,
tions and goals
Savolainen et al. Tier 3 Women 37 21.2+2.6 HRmax (%), RPE TD (m/min), TD at different n.a.
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Study Com- Sex N Age (y) Physiological Physical demands Technical actions
petitive measures extracted extracted
level extracted
Silva et al. [102] Tier 2 Men 20 16.8+0.4 HRmean (bpm) TD (m/min), TD at different n.a
and HRpeak speed thresholds, and
(bpm) maximum speed
Wang et al. [103] Tier 2 Men 24 16.6+0.5 HRmean (bpm) n.a. Successful and
and RPE (A.U.) unsuccessful passes and
lost ball
Yilmaz et al. [104] Tier 2 Men 24 21.0£1.5 RPE (A.U.) n.a Successful and
unsuccessful passes,
lost ball, and
interception
Younesi et al. [105] Tier 3 Men 20 28.1+£4.6 HRave (bpm), HR | n.a. n.a.
zones, TRIMP
Younesi et al. [106] Tier 3 Men 20 28.1+4.6 n.a. TD (m/min), TD at different n.a
speed thresholds, and
mechanical work
Abbreviations: BLa, blood lactate; F, female; HR, heart rate; HRave, average heart rate; HRpeak, peak heart rate; M, male; n.a., not applicable.; n.d.,
not described; RPE, rating of perceived exertion; T2, trained/developmental level (tier 2); T3, highly trained/national level (tier 3); T4, elite/
international level (tier 4); T5, world class (tier 5); TRIMP, training impulse; TD: total distance.

observed for ratios of >100 m? (Hedge’s g=-0.210, p=0.88), as
shown in » Fig. 3.

Finally, the sub-group analysis comparing 3v3 vs. 4v4 in terms
of the rate of perceived exertion revealed that the 3v3 group was
significantly favored over the 4v4 group for player-to-area ratios
of >100 m2 (Hedge’s g=-0.820, p<0.05). However, for player-to-
area ratios of <100 m2, the ES favored the 3v3 group but lacked
statistical significance (Hedge’s g=-0.178, p=0.19). The effect of
the maximal HR was non-significant under both conditions. The
total distance covered was significantly greater in the 4v4 format
compared to the 2v2 format (Hedge’s g=1.230, p<0.05). This ES
was also influenced by the player-to-area ratio: for ratios of <100
m2, differences between game formats were large (Hedge’s
g=1.714, p<0.05), whereas for ratios of > 100 m2, no significant
differences were noted (Hedge’s g=0.265, p=0.71), as illustrated
in > Fig. 4.

Certainty of evidence

> Table 8 presents the certainty of evidence in the GRADE evalua-
tion, focusing on specific outcomes (RPE, BLa and ball possession)
that exhibit more consistent result trends and similar comparisons
(between 2v2 and 4v4) across multiple meta-analyses. Specific data
on the certainty of evidence for multiple comparisons and physi-
ological, physical, and technical outcomes can be found in the pub-
lic repository of the review at https://osf.io/qza3h/. Avery low cer-
tainty of evidence was observed across all meta-analyses conduct-
ed, primarily due to inconsistency, imprecision, and small sample
sizes.

Discussion

Our systematic review with meta-analysis aimed to summarize the
effects of playing formats on the physiological, physical, and tech-
nical demands commonly measured during sided games. Given the

availability of multiple comparisons across different sided game
formats, the meta-analysis conducted suggests that 2v2 is signifi-
cantly more intense in terms of RPE and BLa concentrations. Simi-
lar evidence is observed for 3v3, which is more intense than the
other sided game formats (4v4, 5v5, and 6v6). Although the max-
imal HR (HR max) and average did not show clear trends, signifi-
cant differences were observed between 3v3 and 4v4 and 5v5, with
3v3 showing a greater intensity in both the HR max and the HR av-
erage.

Conversely, when examining physical demands, 4v4 and 3v3
formats tended to cover significantly greater distances across var-
ious speed thresholds compared to 2v2. However, beyond 4v4, the
differences between formats became less pronounced.

Regarding technical outcomes, ball possession tended to be sig-
nificantly higher in smaller formats, with 2v2 and 3v3 being more
favorable for this outcome than 4v4. However, no significant ef-
fects were observed for lost balls or tackles. Interestingly, 3v3 had
the highest number of successful shots and dribbles compared to
larger formats such as 4v4, 5v5, and 6v6. For completed passes, no
significant differences were found in most comparisons, except that
3v3 had a higher number than 2v2.

Physiological outcomes

Comparisons among 2v2, 3v3, and 4v4 were conducted through
the meta-analysis, revealing that 2v2 was significantly more in-
tense, producing higher BLa than the other formats, while 3v3 also
showed higher values of this variable than 4v4. The results confirm
that the smaller the format, the greater the anaerobic contribution
to the activity, which can be inferred from the accumulated lactate
levels. This may be a consequence of the fact that, generally, the
smaller the format, the shorter the duration, which can particular-
ly affect blood lactate responses, as it is measured at the end of ex-
ercise. It has been found that blood lactate levels can be influenced
by anaerobic taxes, as the HR tends to increase linearly, while lac-
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Abbreviations: DT, Duval and Tweedie’s trim and fill; SSG, small-sided games.

tate levels tend to escalate exponentially [99]. This may explain
why, in our meta-analysis, the HR measures did not show signifi-
cant differences between the smaller formats, while blood lactate
levels did. The combination of short durations, increased individu-
al participation, and limited rest periods creates conditions for an
extremely intensified experience in games like 2v2 and 3v3, lead-
ing to higher anaerobic contribution in a short period of time. For
example, in 2v2 games, accumulated levels often exceeded 8
mmol-L~1, as shown in previous studies [43, 86, 88,89, 107]. How-
ever, certain mediators or moderators of intensification should be
considered. For example, not using small goals and instead imple-
menting a crossing line, where the point is achieved whenever a
player crosses it, can influence the level of intensification. In such
cases, the need for players to approach more frequently and cre-
ate progression lines mediates intensification, as there are no mo-
ments of shooting or rest during transitions. Similarly, comparing
the continuous play to stoppages can also impact the intensity of
the game. In the continuous play, there is no pause for rest or re-
grouping, leading to higher intensity and a denser exercise load
within each repetition. In contrast, games with stoppages allow
brief recovery periods, which can reduce the overall intensity.

Following the trend observed in lactate levels, the meta-analy-
sis of RPE also revealed higher intensity levels reported by players
in smaller formats. Specifically, there was a clear progression inin-
tensity: 2v2 was the most intense, followed by 3v3, which was more
intense than the larger formats (i.e., 4v4 and 5v5 [69,72,81, 107]).
Among the larger formats, 4v4 was more intense than 5v5
[48,90,99]. This pattern of increasing intensity from 5v5 to 4v4 to
3v3 and finally to 2v2 is consistent with the strong relationship be-
tween RPE and lactate levels. Previous research on sided games has
shown a close correlation between RPE and lactate levels, although
the most significant determinant for explaining RPE was the asso-
ciation between the HR and lactate levels [108].

Interestingly, among the physiological outcomes, the HR
showed the least significant trends. This highlights concerns about
the reliability of this indicator as a measure of load in acyclic tasks
with frequent changes in activity. For example, no differences were
observed in the HR max or average between any of the formats
from 1v1to3v3[72,87,97]. However, when comparing 3v3 to 4v4,
significantly higher HR max and average values were observed in
3v3[69,71,74,89]. Furthermore, 4v4 was significantly more in-
tense than 5v5 or 6v6 in terms of HR max [44, 90, 99]. Possibly, in
smaller formats such as 1v1 to 3v3, the more rapid elevation in the
HR may be due to anincreased demand for oxygen and energy since
the short duration of drills and the greater individuals’ participa-
tion [58], leading to a greater contribution of the anaerobic energy
systems, which contributes to higher lactate production [89]. This
could help explain the findings discussed earlier in lactate levels. In
larger formats like 4v4 and 5v5, HR kinetics may be slower because
players have more space and slightly more recovery time between
bursts of effort. Although the HR still increases, it does so at a less
rapid pace compared to smaller formats, possibly resulting in less
lactate accumulation during exercise.
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> Fig. 1 PRISMA 2020 flow diagram [14]. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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Physical outcomes

The total distances covered in different formats, ranging from 2v2
to 4v4, revealed that the 4v4 format required significantly greater
distances to cover[39,48,71,72,81, 88,89, 107], with the 3v3 for-
mat also involving significantly more running than the 2v2 format
[36,39,48, 72]. These results suggest that, in smaller formats, the
physiological effort may often be more related to the frequency of
other actions rather than the total amount of running. In tightly
confined spaces, such as those used in 2v2, there may be limited

opportunities for running [109]. In contrast, larger spaces, like
those in 4v4, possibly provide more space for players to accelerate
and reach higher speeds.

Even when the available space is standardized (e.g., 100 m2),
larger formats like 4v4 played in rectangular spaces offer more open
areas for longitudinal running, driven by the need to increase the
field size to accommodate the relative area per player [11]. This can
explain why, at speeds above 18 km/h, the 4v4 format accumulat-
ed the greatest distances, followed by the 3v3 format. Larger play-
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ing areas provide greater opportunities to reach higher speeds,
particularly during transition phases, such as counter-attacks or
defensive recoveries [110]. In very congested spaces, such as those
in 2v2, the available space may not allow for counter attacks or lon-
gitudinal exploration. However, this does not imply that the fre-
quency of accelerations in 2v2 is necessarily higher than in other
formats, as meta-analyses of acceleration frequencies across the
different formats showed no significant differences.

The greater speeds and distances covered in 4v4 may be ex-
plained by the increased opportunity for players to explore more
space, in line with previous studies on tactical collective behavior

[111], which shows greater exploration of space and between-play-
ers distances in larger playing areas. This exploration is likely influ-
enced by the affordances provided by the field layout and more
structured positioning [112]. Thus, even at moderate speeds (7-13
and 13-17.8 km/h), the 4v4 format showed significantly greater
distances covered compared to 3v3 and 2v2. It is expected that
fundamental principles of play, particularly those related to mobil-
ity (e.g., finding space and creating passing lanes in depth near the
last defender) and spatial awareness (e.g., stretching the field by
occupying wide areas to disrupt the opponents’ defensive focus),
can also partially justify the results. These principles may help
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> Table 8 GRADE assessments for RPE, blood lactate and ball possession for the comparisons available between 2v2 and 4v4.

Outcome k(n) RoBAN-2 Indirectness Risk of Inconsistency Imprecision Certainty
publication of
bias evidence

Rating of perceived exertion

2v2 vs. 3v3 15 (258) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level @
levels (high risk). ing (low by one level (<800 participants).
default). (2=74.3%). Favours 2v2.
2v2 vs. 4v4 18 (330) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level | &
levels (high risk). ing (low by two levels (<800 participants).
default). (P=87.7%). Favours 2v2.
3v3vs. 4v4 17 (281) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level ®
levels (high risk). ing (low by one level (<800 participants).
default). (”=71.0%). Favours 3v3.
BLa concentration
2v2 vs. 3v3 13 (224) Downgrade by two | No downgrad- | - Downgrade by 1 Downgrade by one level [}
levels (high risk). ing (low by level (2=67.9%). (<800 participants).
default). Favours 2v2.
2v2 vs. 4v4 12 (209) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level ®
levels (high risk). ing (low by two levels (<800 participants).
default). (7=90.3%). Favours 2v2.
3v3vs. 4v4 17 (284) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level @
levels (high risk). ing (low by two levels (<800 participants).
default). (2=85.2%). Favours 3v3.
Total distance covered
2v2 vs. 3v3 12 (198) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level ®
levels (high risk). ing (low by two levels (<800 participants).
default). (”7=95.6%). Favours 3v3.
2v2 vs. 4v4 13 (214) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level @
levels (high risk). ing (low by two levels (<800 participants).
default). (2=96.5%). Favours 4v4.
3v3 vs. 4v4 14 (282) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level | &
levels (high risk). ing (low by two levels (<800 participants).
default). (2=93.1%). Favours 4v4.
Ball possession
2v2 vs. 3v3 3(60) Downgrade by two | No downgrad- | - Downgrade by Downgrade by two levels | &
levels (high risk). ing (low by one level (<800 participants and
default). (”=46.9%). no clear direction of
effects).
2v2 vs. 4v4 3 (60) Downgrade by two | No downgrad- | - Downgrade by Downgrade by one level @
levels (high risk). ing (low by one level (<800 participants).
default). (2=63.9%). Favours 2v2.
3v3vs. 4v4 3 (60) Downgrade by two | No downgrad- | - No downgrading Downgrade by one level [}
levels (high risk). ing (low by (2=0.0%). (<800 participants).
default). Favours 3v3.
Abbreviations: BLa, blood lactate; Cl, confidence interval; ES, effect size; RoB, risk of bias; RPE, rating of perceived exertion.
Note: Rules for the judgment: (i) All studies were non-randomized and therefore started at low certainty of evidence. Following the GRADE guidelines
(see section 2.9 of the manuscript), they could be upgraded based on the presence of substantial ESs, effective control of potential confounders and
evidence of a dose-response relationship, “if and only if”, there were no reasons for downgrading (the five dimensions presented in this table). (ii)
RoBAN 2: the risk of bias in studies: downgrading by one level in the presence of moderate RoB and by two levels in the presence of high RoB. (iii)
Indirectness: low by default (see section 2.9). (iv) Risk of publication: no downgrading due to complex interpretation of existing tests [27]. (v)
Inconsistency: downgraded by one level if 2=25-75% and by two levels if 12>75 %. (vi) Imprecision: downgraded by one level if n<800 (<400 per
group)33 or effect direction unclear (95 % Cls crossing zero), or by two levels if both occurred.
@®: very low certainty of evidence. ®®: low certainty of evidence.

explain why, in such approaches, the distance covered is greater,
as the locomotor demands associated with exploring the field are
increased. However, such multidimensional analysis often fails to
take place, and future research should delve deeperinto linking the
emergence of tactical behaviors with the actual physical demands.

Interestingly, comparisons between 3v3 to 6v6 and 5v5 to 9v9
did not reveal significant differences, possibly because there is a
threshold of space where the amount of available space is sufficient
for running and covering distances, regardless of tactical factors.
Furthermore, as the number of players increases within each for-
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mat, player engagement may initially rise but eventually stabilize.
This stabilization could be driven by more structured participation,
with players assuming more defined positions on the field, which
in turn affects the associated demands. After a certain level of de-
fensive and attacking structures, influenced by the number of play-
ers, the collective behavior may shift. This can lead to more unit-
based tactical behavior [113] which then requires exploiting
boundaries or the depth of the opponent's defensive line. Such be-
havior may result in similar locomotor demands across these for-
mats. However, studies integrating tactical analysis with physical
demands are still limited, and a better understanding of how tac-
tical modifications impact locomotor demands is needed. Future
studies should aim to clearly describe the tactical changes that
emerge from different formats and their subsequent effects on lo-
comotor requirements.

Technical outcomes

By altering the number of players involved in the games, significant
variations in technical actions are expected due to the impact on
both individual and collective tactical behaviors. It was observed
that both the 2v2 and 3v3 formats promoted ball possession more
effectively than the 4v4 format [69-71], although no significant
differences were found between the 2v2 and 3v3 formats. In small-
er formats, such as 2v2 and 3v3, players may assume more diverse
roles (both offensive and defensive) and are required to make de-
cisions with less time due to increased pressure and reduced space
[113]. This might promote better ball possession, as players are
more engaged in the action while in 4v4, the dynamics may change,
and players might be less involved or spread out, leading to more
team-wide defensive coverage, which can affect individual ball pos-
session skills. Interestingly, despite the increase in ball possession,
no significant increase in ball losses was observed, as the number
of lost balls remained similar and non-significant across the 2v2,
3v3, and 4v4 formats [58,69, 103, 104].

On the other hand, the number of completed passes was signif-
icantly higher in the 3v3 format compared to the 2v2 format [69-
71], which is somewhat surprising given that the smaller format
might be expected to promote greater participation. In this con-
text, the third attacker provides an extra passing option, which ap-
pears to increase the defensive challenge, as defenders must simul-
taneously monitor two attacking players rather than just one. These
factors likely contribute to the easier ball circulation and therefore
a higher number of completed passes in the 3v3 format. Interest-
ingly, no significant differences were found between the other com-
parisons (2v2, 3v3, and 4v4). Despite these findings, completed
passes are often analyzed in absolute terms rather than as a per-
centage, which can potentially confound the evidence. As the total
number of passes increases, the number of completed passes may
also rise, without necessarily maintaining a higher or lower com-
pletion percentage in comparison to absolute terms. Therefore,
further research is needed, as factors such as time pressure, the in-
creased number of defenders, or limited space can affect the over-
all efficacy of passes. Future studies should focus on standardizing
the presentation of these values to provide a clearer understand-
ing of pass efficacy, as well as other variables such as shots and drib-
bles.

Considering dribbling opportunities, only one comparison was
possible for the meta-analysis, between 3v3 and 4v4 formats. The
3v3 format showed a significantly greater number of dribbles, with
alarge ES[37,65,74]. In the 3v3 format, the increased opportuni-
ties for engaging in duels and proximity to attacking zones, com-
bined with a more varied participation in the game, may lead play-
ers to feel more frequently involved in attempts to break through
the opponent's first defensive line [65]. Additionally, the possibly
less structured defense in 3v3 may allow for more offensive free-
dom, without the defensive coverage and more structured balance
seenin larger formats [113].

Finally, the meta-analyses focusing on successful shots revealed
a significantly higher number of these actions in the 3v3 format
compared to the 5v5 and 6v6 formats [41,42,59,61,65,80,91].
This difference could be attributed to several factors, including the
closer proximity to the goals in 3v3, as the smaller playing space
reduces the distance between players and the target. Additionally,
the increased frequency of offensive situations in 3v3 might en-
courage more shooting opportunities. Another possible explana-
tion is that the fewer number of players may lead to less defensive
coverage, providing attacking players with more space and time to
take shots. Future research could explore the role of defensive pres-
sure, and how player positioning and tactics evolve in sided games,
further influencing shooting success.

Interestingly, despite evidence showing that different-sided
games impact the frequency of technical actions, no experimental
studies have explored how various formats, applied continuously
over a given period of time, affect skill development. This repre-
sents a crucial area for future research, particularly for coaches
working with young and developing players, where the findings
could have significant practical applications.

Limitations and future research

Conducting a systematic review with meta-analysis on the topic of
play formats presents significant challenges due to the numerous
concurrent factors that can influence the results. Forinstance, larg-
er formats often involve larger playing spaces, even when the
standardized space per player and the length-to-width ratio are
controlled. When these conditions are maintained, the overall play-
ing area increases, providing more opportunities for tactical varia-
tions. This, in turn, leads to differing physical demands. For exam-
ple, in a larger space (e.g., 30 x 20; 150 m? per player), a sided for-
mat like 2v2 might not provide the necessary opportunities for
sprinting (because of the longitudinal space available), while a for-
mat like 8v8 in a smaller space (e.g., 50 x 30; ~94 m? per player)
may still offer sufficient longitudinal space for players to achieve
sprinting. These complexities reduce the certainty of the evidence,
making it difficult to draw a completely unbiased conclusion about
the effects of different formats. This is an inherent challenge when
treating the play format as an independent variable, as it often leads
to different responses that reflect the dynamic, real-world chal-
lenges coaches face daily.

In our study, it was challenging to summarize the findings due
to the inherent differences in comparisons across studies. For in-
stance, in some comparisons between formats, the pitch-to-field
area ratio was not maintained, while only 32 of the included studies
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adhered to this ratio. Even within these studies, some maintained
a 70 m2 ratio, while others used 100 m2 for the same formats. This
leads to two major sources of variation: first, even when the play-
er-to-area ratio is maintained, the size of the field can affect loco-
motor opportunities, as a larger field inherently changes movement
dynamics; second, even when comparing the same formats in two
different studies, variations in the player-to-area ratio introduce in-
herent heterogeneity. These factors should be clearly acknowl-
edged when interpreting the results, and coaches must be aware
of these variations to avoid drawing overly confident conclusions
from the evidence.

Furthermore, research on sided games faces a higher RoB due
to confounding factors, particularly when randomization is not em-
ployed or when the sequence of play is randomized. External influ-
ences, such as the time of day or specific circumstances, can intro-
duce heterogeneity into the results, complicating the interpreta-
tion of findings. The selection of outcomes also presents a potential
RoB. Many studies in this field were not pre-registered, allowing for
the addition or removal of outcomes after the experiment. This
flexibility increases the risk of data manipulation or selective re-
porting.

The presence of a high RoB due to confounding, incomplete out-
come data, and selective outcome reporting can also affect the in-
terpretation of the ultimate findings. Confounding can distort the
true relationship between variables, leading to misleading conclu-
sions about the effectiveness orimpact of an intervention. Incom-
plete outcome data further complicates the situation, as missing
data may create an inaccurate representation of the results, poten-
tially skewing conclusions. Selective outcome reporting, where only
certain results are reported or emphasized, increases the risk of re-
porting bias, thus undermining the reliability of the evidence. To
mitigate these issues in future research, pre-registration of study
protocols would provide a clear plan for data collection and out-
come reporting, reducing the likelihood of selective reporting. Ad-
ditionally, ensuring clearer and more transparent reporting of ran-
domisation processes would help strengthen the validity of find-
ings, as it would reduce the RoB introduced through inadequate or
unclear randomisation methods.

Another challenge arises when assessing outcomes in studies
with small sample sizes, such as when only 8 or 10 players are cho-
sen from a team of around 20. The absence of clear criteria for play-
er selection can create bias, as it is unclear why certain players were
chosen over others. This lack of transparency should be addressed
in this research.

Additionally, while some studies provide detailed context about
the experiments (e.g., season timing, day of the week, recovery pe-
riod, environmental conditions, and time of day), others lack sim-
ilarinformation. Given that acute responses to sided games can be
influenced by these external, often uncontrolled factors, it is im-
portant to avoid making definitive conclusions based on the cur-
rent study. Furthermore, future studies should consider these con-
textual variables as potential sources of variation, incorporating
them into hierarchical or multivariate models to better control for
theirimpact in comparisons between formats.

To improve the rigor and replicability of future research, it is es-
sential to strengthen the methodological approach and reporting
standards. This includes clearly defining the criteria for participant

selection, registering studies a priori, and providing a detailed con-
text about the experimental setup. Additionally, confounding fac-
tors can be better controlled through multicenter studies with larg-
er, more diverse populations and by conducting longitudinal stud-
ies that assess how different circumstances might influence the
results over time. These measures will help enhance the quality of
evidence and provide more meaningful insights into the effects of
play formats.

Practical applications

Any definitive conclusions should be avoided based on these re-
sults, as the certainty of evidence is low to very low. While the me-
ta-analysis indicates statistical trends, definitive evidence is not
available, and practical applications should be approached with
caution, especially considering the previously discussed limitations.
Nevertheless, if practical recommendations can be drawn from the
current meta-analysis, it suggests that formats smaller than 4v4
are the most physiologically demanding. These formats may be rel-
evant for targeting aerobic power zones. Blood lactate levels and
perceived efforts are clearly higher in smaller formats such as 2v2
and 3v3, while HR measures do not significantly differ from 1v1 to
4v4 formats. However, after 5v5, HR intensity trends tend to de-
cline and are significantly lower compared to 4v4. Therefore, if the
goalis tointroduce an appropriate cardiorespiratory stimulus with
more intense demands, smaller formats such as 4v4 or even small-
er may be the most suitable choices for such training target. How-
ever, the heterogeneity among the included study designs, as well
as the influence of other concurrent task constraints (e.g., player-
to-area ratio and type of scoring) or external factors (e.g., environ-
ment and timing within the season), should be carefully consid-
ered. These factors may moderate any definitive interpretations
derived from the statistical trends identified.

On the other hand, coaches may opt for slightly larger formats
if the goal is to emphasize locomotor demands. In smaller formats,
such as 2v2 or 3v3, the distances covered tend to be significantly
shorter compared to 4v4 or larger formats. Additionally, this deci-
sion is influenced by the available space, which interacts with the
chosen format to shape locomotor demands. For example, the me-
ta-analyses indicate that 4v4 games generally require significantly
greater locomotor effort compared to 2v2 or 3v3 across different
speed thresholds. Conversely, when comparing LSGs, such as 9v9
or 10v10, the distance covered is often greater in mid-sized for-
mats like 5v5 or 6v6. Therefore, to ensure an appropriate accumu-
lation of the distance covered across different thresholds, formats
ranging between 4v4 and 6v6 may be particularly interesting. How-
ever, itis also important to be cautious with these interpretations,
as factors such as field dimensions, field configuration (including
the player-to-area ratio), and area per player can significantly influ-
ence the results. Based on this, coaches should carefully evaluate
the use of different formats in relation to field dimensions and avoid
drawing definitive conclusions due to the low certainty of evidence
caused by the heterogeneity of the studies included.

Considering the training focus on technical elements, the me-
ta-analysis shows that, when comparing 3v3 with 5v5 or 6v6, the
3v3 formatincreases the number of successful shots made by play-
ers. Additionally, 3v3 significantly promotes more dribbles than
4v4. Ball possession is also significantly greaterin 2v2 and 3v3 for-
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mats compared to 4v4. In terms of completed passes, 3v3 outper-
forms 4v4. In summary, the 3v3 format appears to be particularly
effective for technical training, especially in terms of ball posses-
sion, without increasing the number of unsuccessful passes. It also
encourages a higher number of shot-related actions, making it a
highly relevant format for introducing these elements as the pri-
mary focus. However, coaches should treat this information as sta-
tistical trends rather than definitive evidence, as technical actions
were primarily collected in absolute numbers rather than in terms
of accuracy. This could lead to differences in efficacy, potentially
conflicting with the expected results. Additionally, the available
area may impose constraints, as time pressure can vary and impact
the results. Therefore, caution is needed when translating these
statistical terms into practical applications.

Conclusions

Our systematic review with meta-analysis suggests that SSG for-
mats (2v2 and 3v3) are the most physiologically demanding, with
significantly higher perceived exertion and blood lactate levels
compared to larger formats. While HR measures showed no clear
trends, 3v3 exhibited greater intensity than 4v4 and 5v5. In terms
of physical demands, 4v4 and 3v3 covered more distance than 2v2,
although beyond 4v4, differences became less pronounced. Small-
er formats also enhanced ball possession, with 3v3 promoting more
successful shots and dribbles than larger formats. However, physi-
cal demands increased in mid-sized formats (4v4-6v6), making
them suitable for targeting locomotor demands. All these findings
should be interpreted with caution due to the low certainty of evi-
dence, as well as the existing heterogeneity and RoB identified in
the studies.
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