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Abstract

The aim of the present investigation was to quantitatively assess the association between 5v5 small, sided games (SSG) running and physiological

performance during matches in order to ascertain the utility of SSG as a potential fitness test modality within elite professional soccer players.
Twenty-three professional soccer players (mean + SD; age: 25.3 + 3.1 yr; mass: 76 + 9 kg; height: 176 + 9 cm) were recruited for the current
investigation. Previous research had shown correlations with assessments of aerobic fitness (Yo-YoIR1). In the current study, players completed 5v5
SSG during the training period, wearing GPS and HR monitors. Overall, accelerations, decelerations, sum of accelerations and decelerations resulted
in large correlation coefficients, both in terms of volume and intensity metrics. In terms of positional differences, accelerations, and decelerations
in terms of volume metrics correlated between 5v5 SSG test outcomes and match outputs with large correlation coefficients in CB, and CM players.
Coefficients were very large in WF players. The sum of accelerations and decelerations resulted in statistically significant correlations with large and
very large coefficients in CM and WF players, respectively. Total distance correlated with a very large correlation coefficients in FB players. Similar
trends could be reported in terms of intensity metrics. The present study has found that running performance during a standardized 5v5 SSG within
elite soccer cohorts is associated with maximal match outputs, with the strength of correlation coefficients significantly varying according to playing

positions. Soccer specific SSG could potentially supplement traditional testing methodologies.
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Introduction

The demands of soccer match-play are multi-factorial in nature
and are constantly evolving over time. Research [1, 2] has shown
that over the past ten years, the physical and technical demands
of match-play have changed markedly, with significant increases in
high intensity outputs, such as sprinting and high intensity running,
and possession markers, such as total number of passes performed.
Although soccer is generally reliant upon aerobic metabolism,

@ @ This work is licensed under Creative Commons Attribution 4.0 License |A]SSM.MS.ID.000519.

players’ anaerobic capabilities and qualities have been shown to be
key determinants of success in elite-level soccer [3, 4]. Faude et al’s
study [5] found that powerful actions such as sprinting, jumping
and change of direction sprints preceded 83% of the goals scored
in the first German national league.

These are key considerations to be taken into account when
analyzing the key physical qualities of successful performance in
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elite-level soccer to ensure the training process is optimized |[3,
4]. With this increased physiological and technical demand on
elite-level soccer players, recent research [1, 2; 5-9] has expressed
a need for training to replicate the demands of the game more
closely. The use of Small Sided Games (SSGs) has been highlighted
as an effective training method to develop physical fitness, technical
ability and decision-making skills simultaneously, and therefore
has become an indispensable component of the training process in
elite-level soccer [5-10].

Additionally, SSGs are seen to be highly useful in the context
of planning training sessions due to the nature of their flexibility
and variability. Research [10,11] has shown that by manipulating
specific external variables, the exercise intensity of the SSGs can
be altered significantly. These variables include player numbers
[12,13], pitch size [14,15], work to rest ratios [16], goal size
[12], inclusion or exclusion of goalkeepers [17], game rules [14],
coach encouragement [12], bout duration [17], training regime
[18] and use of floaters [13]. As these factors have been shown to
significantly impact the physiological and technical outcomes of
SSGs, it is important that they are taken into consideration prior to
implementing SSGs in training. As a result of the soccer specificity of
SSGs, research [10,14,19,20] has explored the effects of specific SSG
modalities on developing aerobic and soccer-specific endurance.
Impellizzeri et al’s study [19] found there to be no differences
between generic running-based aerobic interval training modalities
and the use of SSGs in the development of aerobic fitness, therefore
arguing that SSGs may be a more advantageous mode of developing
aerobic fitness in-season as it trains “aerobic fitness and tactical-
technical components concurrently”.

Additionally, using soccer-specific alternatives to interval
training has been shown to increase player motivation and buy-in,
thus increasing player enjoyment [10,19]. The evidet associations
between aerobic fitness development and the use of SSGs in team-
sports, has led recent research [10,20] to explore the possibility
developing SSG test protocol as an additional method to assess
aerobic fitness changes in-season. Stevens et al. [20] utilized a
6v6 SSG protocol to assess the relationships between YoYo IR2
performance and running-based performance outputs in a 6v6
SSG. Authors found there to be a moderate-to-large correlation
between key GPS metrics: total distance, high-speed running and
high accelerations acquired from the 6v6 SSG protocol and running
performance in the YoYo IR2 test, suggesting that SSGs could be
used as an alternative method of assessing running performance
in-season.

Additionally, Owen et al. [10] developed a standardized 5v5
SSG protocol, with the aim of assessing physiological and running
performance in SSGs in relation to performance in the YoYo IR1
test. Owen et al’s study [10] found there to be several moderate to
very large associations between key performance markers such as,
total distance and time above 85% of max heart rate (HR), in both
assessments, suggesting that the 5v5 SSG protocol may provide
practitioners with an effective and non-time-consuming method
of assessing intermittent aerobic fitness in-season. Although SSGs
have become a fundamental component in the training arsenal of
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elite-level soccer teams in recent years, little research [8,9,21] has
investigated the demands of SSGs in relation to match-play, both
from a team and positional perspective. Therefore, the present
study was designed to fill in this gap of knowledge.

Materials and Methods
Experimental Approach to problem: Participants

The current investigation involved elite level soccer players
within their domestic European competition with 80% of their
team playing for respective national teams at the time of the study.
The investigation involved data collected for 23 players (Mean
+ SD, age: 25.3 * 3.1 years; height: 183 * 7 cm; mass: 72 + 7 kg)
during the in-season phase of the competitive season. The study
was approved by the investigating institute’s ethics committee with
written informed consent obtained from each player. The study
period involved training sessions within the 2017/2018.

Small-Sided Game (5v5 Possession Game)

During the investigation period, the SSG (5 v 5 possession)
consisted of free play with the focus of the SSG to maintain
possession of the ball in a 5 v 5 method within a 25 x 25m grid
resulting in a relative player area of 62.5-m2 (25x25/10 players).
All SSG were performed under supervision and vocally encouraged
by several coaches in order to keep the running performance
of players high [14]. During all SSG free play was allowed with
maximal touches, with multi-ball rule meaning replacement balls
were quickly entered upon ball running out of play [10].

Before the study period, these SSG were frequently performed
as part of the training methodology, so familiarity of the game type
was substantial. All sessions were performed on the same natural
grass turf pitch. In addition, all SSGs games were performed at the
same time of the day (10 am-1 pm) to limit the effects of circadian
variations on measured variables [10]. SSGs were preceded with a
specific warm up of 15 min in duration. All SSGs for the assessment
were standardized and composed of 3x3-min and a 2-min passive
recovery between repetitions of the SSG [18].

Yo-Yo Intermittent Recovery Test Level 1

The Yo-YoIR1 involves 2 x 20-m shuttle runs at increasing
speeds, interspersed with 10 seconds of active recovery between
runs. The Yo-YoIR1 has previously within literature been reported
as a way to assess player’s endurance intermittent aerobic capacity.
This investigation was completed in line with procedures previously
described by Owen et al. [10] and included participants completing
a 15-minutes dynamic warm-up involving multi-joint and running
activities of progressive intensity. Failure to complete a shuttle
resulted in a verbal warning with participants being withdrawn
on a second failure. Total distance achieved within the assessment
and corresponding maximum speed at the final completed shuttle
were recorded at the end of the test. Heart rate was measured at
1-s intervals during the test using the Polar Team 2 System (Polar
Electro Oy, Kemple, Finland). Data from the system was then
exported from the Polar software (Polar Team 2 Software, Kemple,
Finland) to a data base (Microsoft Excel, Redmond, USA) for further
analysis & statistical analysis. According to previous literature
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within this area, the YoYoIR1 test is shown as a valid and reliable
assessment with the distance covered during a Yo-YoIR1 being
directly related to match play running performance within soccer
[21]. Furthermore, the Yo-YoIR1 is suggested to being sensitive to
changes in fitness across acute training periods in team sports [21].

Running Performance Monitoring

During both the SSG testing intervention & competitive match
play formats analyzed within this investigation, all individual
running performances were monitored using a portable non-
differential 10-Hz GPS integrated with a 100-Hz, 3-dimensional
accelerometer, 3-dimensional gyroscope, and a 3-dimensional
digital compass (STAT Sports Viper, Northern Ireland). This
type of system has previously been shown to provide valid and
reliable estimates of instantaneous velocity during acceleration,
deceleration, and constant-velocity movements during linear,
multidirectional, and soccer-specific activities [16]. Each player
was assigned a GPS vest that was tightly fitted. All devices were
activated 15 minutes prior to data collection, match-play & training
session commencement for acquisition of satellite signals. In
addition, to avoid inter-unit error, each player wore the same GPS
device for each training session.

After recording, the data was downloaded to a computer and
analyzed using the software package Viper version (STAT Sports,
Viper, System). Based on GPS data, total, high-speed (>19.8 kmeh-1),
sprint distance (>25.5 kmeh-1); average metabolic power (WeKg-
1); high metabolic power distance (m; =20 WeKg-1); accelerations
(n; = 3.3 mes-2); decelerations (n; = -3.3 mes-2) and dynamic stress
load (AU) were calculated during each training session. Dynamic
stress load represents the weighted total of all accelerometry
above 2G based on convex curved G-force ratings. These measures
are reflective of standardized measures of training load regularly
reported within soccer cohorts.

Statistical Analysis

Descriptive and correlational analyses by means of the
Pearson’s correlation (r) were used to assess the association
between maximal match performance and selected 5v5 SSG test
variables. Magnitude of the correlation (r) was considered trivial
(< 0.1), small (> 0.1-0.3), moderate (> 0.3-0.5), large (> 0.5- 0.7),
very large (> 0.7-0.9), nearly perfect (> 0.9- 1.0), and perfect (1.0)
according to the Hopkins’ rule of thumb. Analyses were performed
using IBM SPSS Statistics for Windows (Version 22.0). All analyses
were conducted with the statistical significance set at p-value <
0.05.

Results

Main characteristics of the 5v5 SSG test and match outcomes are
reported in (Tables 1, 2) in terms of volume and intensity metrics.

Overall correlations are reported in (Table 3): accelerations,
decelerations, sum of accelerations and decelerations resulted in
large correlation coefficients, both in terms of volume and intensity
metrics.

Main characteristics of the 5v5 SSG test outcomes and match
performance in terms of volume and intensity metrics broken
down to position are reported in (Tables 4, 5) respectively.

Accelerations and decelerations in terms of volume metrics
correlated between 5v5 SSG test outcomes and match outputs with
large correlation coefficients in CB, and CM players. Coefficients
were very large in WF players. The sum of accelerations and
decelerations resulted in statistically significant correlations with
large and very large coefficients in CM and WF players, respectively.
Total distance correlated with a very large correlation coefficients
in FB players. Similar trends could be reported in terms of intensity
metrics. Further details are shown in (Table 6).

Table 1: Main characteristics of the 5v5 SSG test outcomes in terms of volume and intensity metrics.

Volume metrics
Total Distance 1,035.15 68.91
High Speed Running (>19.8 km/h) 2.73 2.61
Sprint Distance (>25.2 km/h) 0.04 0.18
Explosive Distance 205.35 3991
Accelerations 17.23 5.82
Decelerations 17.71 5.71
Sum of Accelerations and Decelerations 34.94 10.85
Intensity metrics
m/min 115.02 7.66
High Speed Running/min 0.3 0.29
Sprint Distance/min 0 0.02
Explosive Distance/min 22.82 4.43
Accelerations/min 191 0.65
Decelerations/min 1.97 0.63
Sum of Accelerations and Decelerations/min 3.88 1.21
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Table 2: Main characteristics of the match performance in terms of volume and intensity metrics.

Volume metrics

Volume 1-Issue 4

Total Distance 10,668.73 835.17
High Speed Running (>19.8 km/h) 722.74 2329
Sprint Distance (>25.2 km/h) 244.12 150.42
Explosive Distance 1382.15 268.4
Accelerations 79.7 20.66
Decelerations 91.97 21.11
Sum of Accelerations and Decelerations 171.67 40.17
Intensity metrics
m/min 112.3 8.79
High Speed Running/min 7.61 2.45
Sprint Distance/min 2.57 1.58
Explosive Distance/min 14.52 2.87
Accelerations/min 0.84 0.22
Decelerations/min 0.97 0.22
Sum of Accelerations and Decelerations/min 1.81 0.42

Table 3: Correlations between the 5 x 5 test and match characteristics in terms of volume metrics.

Accelerations 0.619 <0.0001
Decelerations 0.605 <0.0001

Sum of accelerations and decelerations 0.642 <0.0001
Explosive distance 0.203 0.2083

High speed running 0.216 0.1809

Sprint distance 0.001 0.9949

Total distance 0.181 0.2636

Statistical significance

m/min

Intensity metrics Correlation coefficient
Accelerations 0.619 <0.0001
Decelerations 0.605 <0.0001
Sum of accelerations and decelerations 0.642 <0.0001
Explosive distance 0.19 0.2408
High speed running 0.216 0.1809
Sprint distance 0.001 0.9949
0.181 0.2641

Table 4: Main characteristics of the 5v5 SSG test outcomes and match performance in terms of volume metrics broken down according to

position.

5x5 1,032.02 1,010.83 1,045.91 1,063.76 1,056.07
Total Distance
Match 9,941.31 10,519.02 11,215.31 10,977.98 11,018.93
5x5 1.93 2.7 3.14 3.59 2.97
High Speed Running
Match 498.12 824.34 706.37 881.1 942.31

Citation: Adam Lee Owen*, Matthew Newton and Nicola Luigi Bragazzi. Relationships Between the Physical Outputs of a Standardized 5v5

SSG Test Protocol and Maximal Match Outputs in Elite-Level Soccer. Aca ] Spo Sci & Med. 1(4): 2024. AJ]SSM.MS.ID.000519.

Page 4 of 7



Academic Journal of Sports Science & Medicine Volume 1-Issue 4

5x5 0.1 0 0 0.06 0
Sprint Distance
Match 166.6 257.96 22447 300.75 446.99
5x5 203.68 188.98 206.07 23291 221.37
Explosive Distance
Match 1,188.14 1,436.14 1,527.48 1,417.24 1,431.34
5x5 15.14 14.33 17.32 19 21.14
Accelerations
Match 72.64 81.38 82.8 80.89 92
5x5 16.81 16.86 17.34 20.58 21.71
Decelerations
Match 80.27 94.38 102.28 91.44 100.67
5x5 31.95 31.19 34.67 39.58 42.86
Sum of accelerations and decelerations
Match 152.91 175.75 185.08 172.33 192.67

Table 5: Main characteristics of the 5 x 5 test outcomes and match performance in terms of intensity metrics broken down according to position.

5x5 114.67 112.31 116.21 118.2 117.34
Total distance/min
Match 104.64 110.73 118.06 115.56 115.99
5x5 0.21 0.3 0.35 0.4 0.33
High Speed Running/min
Match 5.24 8.68 7.44 9.27 9.92
5x5 0.01 0 0 0.01 0
Sprint Distance/min
Match 1.75 2.72 2.36 3.17 4.71
5x5 22.63 21 229 25.88 24.6
Explosive Distance/min
Match 12.51 15.12 16.09 14.92 14.7
5x5 1.68 1.59 1.92 2.11 2.35
Accelerations/min
Match 0.76 0.86 0.87 0.85 0.97
5x5 1.87 1.87 1.93 2.29 241
Decelerations/min
Match 0.84 0.99 1.08 0.96 1.06
5x5 3.55 3.47 3.85 4.4 476
Sum of accelerations and decelerations/min
Match 1.61 1.85 1.95 1.81 2.03

Table 6: Correlations between 5v5 SSG test outcomes and match performance in terms of volume and intensity metrics broken down according to

position.
Volume metrics
Accelerations 0.567 (0.069) 0.566 (0.1439) 0.678 (0.0449) 0.893 (0.0028) -0.755 (0.2445)
Decelerations 0.664 (0.0259) 0.606 (0.1110) 0.663 (0.0514) 0.834 (0.0101) -0.333 (0.6672)
Explosive distance 0.340 (0.3070) 0.046 (0.9145) 0.375 (0.3204) 0.140 (0.7405) -0.549 (0.4511)
High speed running 0.068 (0.8420) -0.422 (0.2976) 0.682 (0.0428) -0.373 (0.3622) -0.778 (0.2222)
Sprint distance 0.346 (0.2980) 0 0 -0.290 (0.4861) 0

Sum of accelerations and
decelerations

0.215(0.5251)

0.610 (0.1081)

0.679 (0.0442)

0.897 (0.0025)

-0.770 (0.2300)

Total distance

-0.563 (0.0713)

0.747 (0.0332)

-0.388 (0.3017)

0.052 (0.9026)

-0.257 (0.7429)

Intensity metrics
Accelerations 0.511 (0.0892) 0.566 (0.1439) 0.678 (0.0449) 0.678 (0.0449) -0.755 (0.2445)
Decelerations 0.678 (0.0154) 0.606 (0.1110) 0.663 (0.0514) 0.663 (0.0514) -0.333 (0.6672)
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Explosive distance 0.131 (0.6846)

0.046 (0.9145)

0.375(0.3204) 0.375(0.3204) -0.611 (0.3891)

decelerations

High speed running 0.081 (0.8035) -0.422 (0.2976) 0.682 (0.0428) 0.682 (0.0428) -0.778 (0.2222)
Sprint distance 0.197 (0.5389) 0 0 0 0
Sum of accelerations and 0.594 (0.416) 0.610 (0.1081) 0.679 (0.0442) 0.679 (0.0442) -0.770 (0.2300)

Total distance 0.263 (0.4082)

0.747 (0.0332)

-0.388 (0.3017) -0.388 (0.3017) -0.257 (0.7429)

Discussion

The present study attempted to quantitatively assess the
association between small-sided games and real-world match
performances, with a focus on positional difference. Very little
research has investigated this topic.

Lacome et al’s research [22] was one of the first studies to
address this issue and investigated the differences in player’s
positional outputs across various SSG modalities (4v4, 6v6, 8v8,
10v10) in relation to their positional match demands. Lacome et al.
[22] found that players only achieved relative running intensities
to match-play (total distance per minute and high-speed running
per minute) in the 10v10 SSGs and not in any of the other formats.
While, in the 4v4 SSG, the results showed that players were exposed
to a greater than match-play intensity with regards to mechanical
loading (acceleration and deceleration) [22].

A player’s playing position and tactical role has a significant
impactupon their physical demands in games. Although the physical
demands vary significantly team upon team, generally Wide
Forwards (WFs) experience the greatest locomotor requirements
in games, in terms of high-speed running and total distance, while
Full Backs (FBs) have the highest sprinting demands [23,24]. On
the other hand, Centre Midfielders (CMs) tend to cover the greatest
overall total distance, though at lower speeds, and also experience
high mechanical (acceleration and deceleration) demands [23,24].
Additionally, Centre Backs (CBs) generally have the lowest
overall physiological demands in match-play [23,24]. Having an
understanding of the positional physiological demands of soccer
match-play is important when prescribing training content to
ensure all players are exposed to the necessary physiological
stimuli for adaptation [22].

In this regard, Lacome et al’s study [22] uncovered significant
physiological variability in the player’s outputs per position
across various small to large SSGs. Lacome et al. [22] found that
in the moderate to large SSGs (6v6 and 8v8), relative to their
game demands, CMs were being underloaded from a mechanical
perspective, while CBs attained greater relative total distance
and high-speed running outputs than CMs in the 6v6 games.
These results highlight the importance of analyzing the positional
demands of SSGs to ensure players receive appropriate additional
work to ensure they are not underprepared for their positional
demands of match-play. Extensive research [12-16] has explored
the physiological and technical demands of SSGs in elite-level
soccer, and there has also been an increase in the analysis of the
physical demands of SSGs in relation to the demands of match-play
[8,9,22].
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Additionally, research [10,20] has explored the use of SSGs to
assess aerobic fitness in elite-level team sports. However, to the best
of the author’s knowledge, very few studies, if any, have explored
the relationships between maximal physiological outputs in SSG
test protocols and in elite-level soccer match-play. Consequently,
the primary aim of this study is to compare the locomotor and
mechanical outputs of players in a standardized 5v5 SSG test
protocol [10] in relation to their maximal outputs in elite-level
soccer match-play. Additionally, this study also aimed to examine
the positional differences between maximal physiological outputs
in the 5v5 test protocol and in elite-level match-play. This research
provides further insight into the applicability and effectiveness of
soccer-specific performance testing protocols in elite-level soccer.

Conclusions

The present study found that, overall, accelerations,
decelerations, sum of accelerations and decelerations resulted in
large correlation coefficients, both in terms of volume and intensity
metrics, between 5v5 SSG test outputs and real-world match
performances. In terms of positional differences, accelerations and
decelerationsintermsofvolume metrics correlated between 5v5 SSG
test outcomes and match outputs with large correlation coefficients
in CB, and CM players. Coefficients were very large in WF players.
The sum of accelerations and decelerations resulted in statistically
significant correlations with large and very large coefficients in
CM and WF players, respectively. Total distance correlated with
a very large correlation coefficients in FB players. Similar trends
could be reported in terms of intensity metrics. Summarizing,
the present study has found that running performance during a
standardized 5v5 SSG within elite soccer cohorts is associated
with maximal match outputs, with the strength of correlation
coefficients significantly varying according to playing positions.
Soccer specific SSG could potentially supplement traditional testing
methodologies.
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