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ABSTRACT

Background: Conditioning in the form of football small-sided games (SSG) is being increasingly utilized
as a health-promoting and performance-enhancing activity.
Objective: The aim of this study was to quantify and compare the physiological responses and activity
demands encountered during 3-a-side, 4-a-side, and 5-a-side football SSG in recreational players.
Method: Heart rate, blood lactate (BLa), rating of perceived exertion (RPE) and activity demands were
measured across 2 x 20-min football sessions played on a 40 x 20-m pitch in 12 recreationally active
college students. Data were collected over a period of two weeks using a repeated-measures crossover
design.
Results: Mean heart rate was higher (moderate) during 5-a-side than 4-a-side (p = 0.02) and 3-a-side
SSG (p < 0.001). BLa tended to be higher (small) in 3-a-side compared to 4-a-side (p = 0.12) and 5-a-side
SSG (p = 0.46). The total distance covered was lower (large) during 5-a-side than 4-a-side SSG (p = 0.02),
while the total number of accelerations (p = 0.01) and decelerations (p = 0.02) were higher (large)
during 5-a-side than 4-a-side SSG.
Conclusion: These data suggest: 1) 5-a-side SSG require a greater intermittent workload and exacerbated
HR responses; 2) 4-a-side SSG require more sustained activity (distance); and 3) 3-a-side SSG result in
higher BLa compared to other SSG formats. The observed intermittent workload and exacerbated HR
response in 5-a-side SSG were likely due to greater turnover rates with more frequent interceptions.
Sustained activity in 4-a-side SSG might be underpinned by format-specific structures permitting
optimal team work, while isolated guarding of players in 3-a-side SSG may have exacerbated BLa
responses.
© 2020 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

underpinning football SSG may be central to their use as a health
promotion intervention.” Despite the popularity of football SSG,

Conditioning in the form of football small-sided games (SSG) is
being increasingly utilized as a health-promoting and
performance-enhancing activity irrespective of age and training
status." ™ Given the link between training intensity and positive
outcomes in cardiovascular, metabolic, and musculoskeletal
health,>® the high physiological and activity demands
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few studies® '? have identified the influence of game format (e.g.
pitch size, team sizes) on the physiological and activity intensities
encountered by recreational players.

One of the most common ways to manipulate the physiological
and activity demands encountered by players during football SSG is
to alter the numbers of players competing on each team. To our
knowledge, only four studies’ !> have examined the influence of
team size on the physiological intensity of football SSG in recrea-
tional adult players. Specifically, Randers et al.'' noted higher heart
rate (HR) responses and ratings of perceived exertion (RPE) in 3-a-
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side and 5-a-side games than 7-a-side games, as well as higher
blood lactate concentrations (BLa) in 3-a-side games than 7-a-side
games using a fixed pitch size (20 x 40 m) during 48-min football
SSG. Likewise, Aslan'® reported higher HR responses during 5-a-
side games than 7-a-side games using small (44 x 23 m) and large
(57 x 30 m) pitches during 40-min football SSG. However, Randers
et al.'> noted comparable HR responses, RPE, and BLa during 3-a-
side, 5-a-side, and 7-a-side formats using fixed relative pitch sizes
(15.5 x 31 m, 20 x 40 m, and 23.5 x 47 m) across 48-min football
SSG. Similarly, Randers et al.” reported comparable HR responses
across 1-a-side, 3-a-side, and 7-a-side football SSG with variable
pitch sizes (8 x 11 m, 33 x 44 m, and 40 x 60 m) and game du-
rations (5 x 6 min, 4 x 12 min, and 4 x 12 min). Therefore, the
collective evidence suggests more research is needed to develop a
definitive consensus regarding the influence of team size on the
physiological intensities of football SSG in recreational players.

In addition to quantifying internal physiological responses,
quantification of the external activity demands provides insight
into the physical workloads imposed upon players during football
SSG. In this regard, inconsistent findings have been reported
regarding the external demands encountered relative to team size
during football SSG in recreational players.'"'? Specifically, Randers
et al.'! observed higher total and high-intensity distances in 3-a-
side than 5-a-side and 7-a-side football SSG with a fixed pitch size
(40 x 20 m). In contrast, Randers et al.'” noted similar total and
high-intensity distances across 3-a-side, 5-a-side, and 7-a-side
football SSG using fixed relative pitch sizes (15.5 x 31 m, 20 x 40 m,
and 23.5 x 47 m). Consequently, conflicting and limited evidence is
available regarding the activity demands elicited during football
SSG using different team sizes in recreational players, with most of
the available data limited to distance measures. Consequently,
further investigation using a wider assortment of metrics is needed
to better understand the impact of varying team size on the
external demands encountered during football SSG in recreational
players.

While the available studies examining the demands of football
SSG in recreational players have utilized team sizes spanning 1, 3, 5,
and 7 players, comprehensive reviews"'® indicate 4-a-side SSG are
predominantly used in recreational football. In turn, the physio-
logical and activity demands during 4-a-side football SSG have not
yet been compared with other formats. Therefore, examination of
the demands encountered during 4-a-side football SSG in recrea-
tional players relative to other game formats are needed for
enhanced practical translation. Consequently, the aim of this study
was to quantify and compare the physiological responses and ac-
tivity demands encountered during 3-a-side, 4-a-side, and 5-a-side
football SSG in recreational players. We hypothesized 3-a-side
would elicit greater physiological responses and activity demands
than 4- and 5-a-side game formats.

Materials and methods
Participants

Initially 22 participants volunteered to participate in the
investigation (n = 20 outfield players and n = 2 goalkeepers). Two
goalkeepers participated in each session. Only players who
participated in all game formats were included for analysis with
goalkeepers removed given their restricted movement re-
quirements.'* As a result 12 healthy, recreationally active
(3—5 h.wk™1), male college students (age: 20.9 + 1.6 yr; stature:
178.6 + 5.3 cm; body mass: 76.6 + 8.1 kg; body fat: 15.8 + 6.3%;
football experience: 5.5 + 3.0 yr; maximal running speed in 30-15
Intermittent Fitness Test [30-15IFT]: 16.5 + 2.1 km h™!; HRpeak:
206.3 + 9.4 b min~!) were included in the final dataset (Fig. 1). All

participants were informed of the study procedures, benefits and
risks involved in participation. Written informed consent was ob-
tained from all participants prior to testing. All procedures were
approved by an institutional Human Research Ethics Committee
and were conducted in accordance with the Declaration of Helsinki.

Experimental design

This study was conducted over a 3-week period across nine
sessions. The first session was used to familiarize participants with
wearing the global positioning system (GPS) devices and HR
monitors (Polar Team Pro, Kempele, Finland), as well as each of the
football SSG formats. During the second session, anthropometric
measures were taken for each participant. Percent body fat was
determined using a multi-frequency bioelectrical impedance
analyzer (InBody 770, Biospace Co. Ltd, Seoul, Korea) following
standard measurement procedures [interclass correlation coeffi-
cient (ICC) = 0.98; standard error of the measurement = 0.91]."°
Stature was measured using a portable stadiometer (Seca 220,
Seca Corporation, Hamburg, Germany) with a graduation of 0.1 cm.
The third session was used to determine maximal heart rate
(HRmax) using the 30-15 Intermittent Fitness Test (ICC = 0.96; co-
efficient of variation = 0.6%).'° The remaining six sessions were
used to administer each of the SSG formats. A schematic illustration
of the study design is shown in Fig. 1. Participants were divided into
two groups with 10 players per group. The first group completed 5-,
4-, and 3-a-side game format across the first week, while the sec-
ond group completed the same game formats the following week in
reverse order. One participant from each team was randomly
excluded or included across game formats when team size was
modified.

During each SSG, participants were matched for game fitness
using data from the 30-15 Intermittent Fitness Test (30-15IFT) and
previous football-playing experience. Each SSG session lasted
60 min, consisting of a 10-min warm-up followed by 2 x 20-min
periods of recreational football SSG with a 5-min half-time break
and a 5-min cool-down following game completion.®!” Participants
completed a standardized warm-up consisting of moderate-
intensity jogging (4 min), static and dynamic stretching (4 min),
and accelerative running bouts (2 min). Participants were
permitted to consume water ad libitum between halves and
following games. Data collected during the warm-up, half-time
break, and cool-down periods were not included for analysis. Ses-
sions were carried out at the same time of day (10:00—11:00 h) to
avoid any effect of circadian rhythm on the measured variables.'®
All testing sessions were performed in similar environmental
conditions (temperature: 15.3 + 0.6 °C, humidity: 49.9 + 6.8%) on
the same indoor football court. The pitch size of all SSG was fixed at
40 x 20 m with consistent goal sizes (2 m high x 3 m wide). A single
standard-size football was used in each SSG.

30-15 Intermittent Fitness Test

Individualized HRp2x was determined as the highest value
reached during the 30-15IFT for each participant.'® The 30-15IFT
consists of repeated 30-s runs across a 40-m course, interspersed
with 15 s of recovery at a walking speed between each run. The
speed of the initial run was 8 km h~!, which increased by
0.5 km-h~Teach run thereafter (every 45 s) as indicated by audio
signals. Participants were encouraged verbally throughout testing
to maintain the required pace as long as possible and to produce
maximal effort. The test was completed upon volitional exhaustion
from each participant or when the required speed could not be
maintained for three consecutive runs.
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Fig. 1. A schematic illustration of the study design.

Heart rate monitoring

Participants wore HR monitors (affixed to their chest at the level
of the xiphoid process) that continually recorded HR at 1-s intervals
(Polar Electro, Kempele, Finland). HR responses were expressed as a
percentage of the individualized HRp,ax. All HR data were stored by
the Polar Team Pro HR monitors throughout the SSG and trans-
ferred to an iPad (A1822; Apple; California, USA) using the Polar Pro
Team dock (Polar Electro, Kempele, Finland). Data were then
exported to Microsoft Excel (v15.0; Microsoft Corporation; Red-
mond, WA, USA) to calculate the time spent in the following HR-
mediated intensity zones’’: <70%HRmax, 71—80%HRmax, 81—90%
HRpmax, and 91—100%HRnax. Mean and peak HR responses were also
determined.

Blood lactate concentration

BLa (mmol-L~!) was determined using earlobe capillary blood
samples measured with a handheld analyzer (Lactate Scout, EKF,
SencLab, Magdeburg, Germany)’' immediately following each
SSG.%2

Rating of perceived exertion

Each participant gave an individualized RPE immediately
following each SSG using Borg’s 10-point Likert scale (with ‘1’
indicating a minimum response and ‘10’ indicating a maximum
response).”> All RPE were recorded in arbitrary units (AU).

Activity demands

The activity demands were measured using portable GPS de-
vices (10 Hz, Polar Team Pro, Kemple, Finland). The 10-Hz GPS
technology has been previously determined as reliable and valid for
assessing team sport movement profiles.>* The following catego-
rization was used to indicate different activity intensities®”:
standing/walking, <6 km.h~!; low-speed running, 6.01—12 km.h~!;
moderate-speed running, 12.01-18 km.h~'; high-speed running,
18.01—24 km.h~'; and maximal-speed running, >24 km.h~'. The
frequency of accelerations and decelerations were measured using
accelerometers within the Polar Team system sampling at 200 Hz
(Polar Team Pro, Kemple, Finland). The following categorization
was selected to indicate different acceleration/deceleration in-
tensities*®: low, 0.5—0.99 m.s~%; medium, 1-1.99 m.s~%; and high,
>2 ms2).

Statistical analysis

A priori analysis using G*Power software (version 3.1.9.4;
Heinrich Heine University Diisseldorf, Diisseldorf, Germany) rec-
ommended a sample size of 12 [alpha 0.05; effect size
(ES) = 0.40; and power = 0.80], supporting the present analysis.?’
Data analyses were performed using IBM SPSS software (v25.0, IBM
Corporation; Armonk, NY, USA). Normality of all data was
confirmed with the Shapiro-Wilk test. Mean + standard deviation
was calculated for each dependent variable. Differences in HR, RPE,
BLa, and activity demands were analyzed using separate one-way
repeated measures analysis of variance with Bonferroni post hoc
tests to locate significant pairwise differences. The magnitude of
pairwise differences in each dependent variable was quantified
with ES analyses and interpreted as: trivial, <0.2; small, 0.2—0.59;
moderate, 0.6—1.19; large, 1.2—1.99; very large, >2.2® Statistical sig-
nificance was set at p < 0.05.

Results
Physiological responses

Mean =+ standard deviation HR responses, RPE, and BLa for each
SSG format are given in Table 1. Absolute and relative HRpean was
significantly higher during 5-a-side than 4-a-side and 3-a-side SSG.
RPE and BLa tended to be higher in 3-a-side than in 4-a-side and 5-
a-side SSG. The proportions of playing time spent in each HR in-
tensity zone during different SSG formats are shown in Fig. 2. There
were non-significant, trivial to small differences in the percentage
of time spent working at <70%HRpax, 71—80%HRmax, and 81—90%
HRpax between SSG formats. 5-a-side SSG yielded a significantly
higher proportion of playing time working >90%HRn.x compared
to 3-a-side SSG (p = 0.03; ES = 0.85, moderate).

Activity demands

The total distance covered was significantly lower during 5-a-
side (2027 + 532 m) than 4-a-side SSG (2870 + 695 m; p = 0.02;
ES = —1.36, large) but not 3-a-side games (2200 + 635 m; p = 0.72;
ES —0.30, small), corresponding to 50.7 + 13.3 m.min
71.9 + 17.5 m.min ', 59.9 + 23.6 m.min~!, respectively. The distance
covered working at different intensities is shown in Fig. 3. Non-
significant, small to moderate differences in distance covered
standing/walking, high-intensity running, and maximal-speed
running were evident between SSG formats. In the 4-a-side SSG,
players covered greater distance performing low-speed running
(p = 0.03; ES = 1.33, large) and moderate-speed running (p = 0.02;
ES = 1.36, large) than in 5-a-side SSG.
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Table 1
Physiological responses during different football small-sided game formats in recreational players (n = 12).
Variable Small-sided game format Pairwise comparisons
5-a-side 4-a-side 3-a-side 5- vs 4-a-side 5- vs 3-a-side 4- vs 3-a-side
Mean + SD Mean +SD Mean + SD  ES (95% CI) P ES(95%CI) P ES(95%CI) P
HRmean (beats-min~") 176.1 + 10.6 167.3 + 14.8 166.8 + 12.4 0.68 (—0.16 to 1.48) 0.02 0.81 (-0.05 to 1.61 0.00 0.04 (—0.76 to 0.84 1.00
HRpeak (beats-min~') 1935 +8.8 190.0+11.2 191.2+8.6 0.35(-0.47 to 1.14) 0.20 0.26 (—0.55to 1.06) 0.14 —0.12 (-0.92 to 0.68)< 1.00
HRpmean (¥HRmax) 854+63 815+93 809+71 0.49(-034to129) 005 0.67 (-0.17 to 1.47) 0.00 0.07 (—0.73 t0 0.87)  1.00
HRpeak (%HRmax) 94.1 + 6.0 923 +75 929 + 6.0 0.27 (-0.55 to 1.06) 0.22 0.20 (-0.61 to 1.00) 0.12 —0.09 (-0.89 to 0.72) 1.00
Blood lactate concentration (mmol-L~') 4.5 + 1.8 44 +1.1 52+16 0.07 (—0.74 to 0.87) 1.00 —0.41 (—1.20 to 0.41) 0.46 —0.58 (-1.38t0 0.25 0.12
Rating of perceived exertion (AU) 50+15 50+21 55+18 0.00 (—0.80 to 0.80) 1.00 —0.30 (—1.10 to 0.51) 0.93 —0.26 (—1.05 to 0.56) 0.83

Note: ES — effect size; CI — confidence interval.
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Fig. 2. The proportion (%) of playing time spent working in heart rate intensity zones during different soccer small-sided game formats. * Significantly different to the 5-a-side game
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(18.01-24 km h~1'), and maximal speed running (>24 km h™') during different soccer small-sided game formats. * Significantly different to the 5-a-side game format.
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The frequency of accelerations and decelerations performed at
different intensities are presented in Fig. 4. More total accelerations
and decelerations were performed during 5-a-side than 4-a-side
SSG (accelerations: 613 + 59 vs 487 + 105; p = 0.01; ES = 1.49,
large; decelerations: 635 + 56 vs 505 + 113; p = 0.02; ES = 1.47,
large). Likewise, more low-intensity accelerations (p = 0.03;
ES = 1.28, large) and decelerations (p = 0.02; ES = 1.42, large) were
apparent during 5-a-side than 4-a-side SSG. More medium-
intensity accelerations were performed during 5-a-side SSG
compared to 4-a-side (p = 0.01; ES = 1.64, large) and 3-a-side SSG
(p = 0.04; ES = 0.84, moderate) and more medium-intensity de-
celerations were evident during 5-a-side than 4-a-side SSG
(p = 0.02; ES = 1.52, large).

Discussion

Results from our investigation suggest recreational football
players experienced greater HR responses as well as accelerations
and decelerations during 5-a-side SSG compared with 4-a-side and
3-a-side SSG played on a 20- x 40-m pitch. In addition, 4-a-side
SSG imposed a greater overall volume of activity compared to 3-a-
side and 5-a-side SSG, while 3-a-side SSG resulted in higher BLa
and RPE responses compared with 5-a-side and 4-a-side SSG.

The high relative HR responses across different football SSG
formats in this study (80—85%HR.x) were similar to those previ-
ously reported in recreational®™'! and elite players®*—>' during

>
8

700

600 -

400

Frequency of accelerations

(0.50-0.99) (1.00-1.99)

(2.00-50.00) Total

football SSG. Collectively, these data support football SSG as a
training approach in providing a substantial stimulus to the car-
diovascular system. Comparisons between SSG formats in our study
yielded a higher HRyean and greater playing time spent in the
highest HR zone (>90% HRyx) during 5-a-side compared to 4-a-
side and 3-a-side SSG. In contrast, Randers et al.!" observed a higher
HRpean and more playing time at HR >90%HR,ax in recreational
players during 3-a-side than in 5-a-side and 7-a-side football SSG.
The higher cardiovascular strain typically observed in football SSG
with smaller team sizes is likely due to increased game involve-
ment requiring players to make longer offensive and defensive
runs.!" However, disparities between our results and those
observed previously may relate to variability of technical and ac-
tivity demands, underpinned by the unpredictable and complex
nature of SSG, requiring players to adapt their actions to situational
demands.'>?

For instance, larger team sizes may have resulted in a greater
turnover rate with more frequent interceptions®> given more
players are likely involved in decision-making processes, creating
greater uncertainty and complexity in various situational re-
quirements. In these situations, players should be able to quickly
suppress their motor response (execute a pass, start a dribble or
wait to make a move) and create a new decision if the teammate
suddenly becomes defended. However, lower visual processing
speed, difficulty concentrating and sustaining attention focus on a
target, poor decision-making and reduced stress regulation at

M 5-a-side
W 4-a-side

0O3-a-side

Acceleration categories m-s

400 -

g

8

Number of decelerations

8

(-0.50--0.99)

o

(-1.00--1.99)

(-2.00 - -50.00)

M 5-a-side
M 4-a-side

0O3-a-side

Deceleration categories m-s*

Fig. 4. Frequency of (A) accelerations and (B) decelerations performed at low (0.50—0.99 m s~2), medium (1-1.99 m s~2), and high (>2 m s~?) intensities during different soccer

small-sided game formats. * Significantly different to the 5-a-side game format.
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lower competition levels (such as recreational),>* may have resul-

ted in a greater turnover rate and consequently more frequent
transitions up and down the pitch. In support of our theory we
found 5-a-side SSG required players to perform a greater amount of
accelerations and decelerations, exacerbating the HR response. In
addition to tactical decisions, a smaller area per player accompa-
nying larger team sizes may require greater execution of accelera-
tion and deceleration actions to create space.>® Therefore, game-
based conditioning in the form of SSG, primarily 5-a-side, might
include more intermittent-style training than previously thought,
which has been suggested to heighten physiological demands
placed on players in team sports.>>>® Collectively, these results
suggest the cardiovascular responses and acceleration/deceleration
demands may be exacerbated with larger team sizes (5-a-side)
compared to smaller teams (3- and 4-a-side) in recreational players
during football SSG possibly due to greater turnover rate with more
frequent interceptions. Further research examining technical ac-
tions (shot attempts, rebounds, interceptions, transitions) is needed
to definitively identify the influence of these factors on the physi-
ological responses and activity demands across different football
SSG formats.

Despite high cardiovascular stress across all SSG formats, the
majority of the distance covered was performed while standing/
walking or performing low-intensity running (84—92% of playing
time), which confirms findings reported in other research exam-
ining the demands of football SSG in recreational players.'>>> These
results indicate smaller team sizes (3-a-side) may impose a shorter
overall distance covered in recreational players, possibly due to a
greater reliance on individual players during game scenarios
leading to more dribbling and less passing among players.>> On the
other hand, the 4-a-side SSG may have permitted an optimal
amount of teamwork in regards to consistency in player involve-
ment across the team, resulting in more distance covered compared
to the other SSG formats. Consequently, the greater volume of ac-
tivity, particularly at low to moderate intensities, indicate 4-a-side
football SSG could be an effective format to improve aerobic con-
ditioning in recreational players.

While activity distance data provide useful information
regarding physical demands, BLa has been used as an metabolic
indicator of energy production via rapid glycolysis.>® Our results
indicate an important glycolytic energy contribution across football
SSG formats (>4 mmol L~1). The isolated guarding of players in 3-a-
side SSG may have promoted more shuffling/lateral/static isometric
work when defending opponents, which could have exacerbated
the lactate response. Therefore, 3-a-side SSG may be an effective
approach to optimize conditioning of anaerobic capacity in recre-
ational football players.

Limitations

Although this study provides useful insight, some limitations
should be acknowledged. First, researchers should consider the
large test-retest variability of HR zones and distance zones when
interpreting these measures across intervention-type studies.!”
Second, although the accuracy of GPS tracking system has
improved, there are still limitations in interpreting short distance
and high-velocity running from only two matches (per format)
reported here. Third, BLa reflects the production of lactate in the
contracting muscles, but such values should be interpreted care-
fully, as no significant correlation was found between muscle and
BLa.>” Fourth, our sample was limited to male, adult recreational
players, so larger cohort studies are required utilizing female and
male players of varying ages.

Conclusion

The results of this study suggest football SSG using 3—5 players
in each team might be an effective form of training to improve
cardiorespiratory and musculoskeletal fitness evidenced by a mean
HR response >80%HRnax and high physical loading. The number of
players competing in SGG affected the physiological responses and
activity demands encountered by players with the highest mean
heart rate, as well as acceleration and deceleration demands
evident during 5-a-side games. In addition, the 4-a-side SSG format
imposed a greater overall volume of activity (total distance), while
the 3-a-side SSG resulted in higher BLa and RPE responses
compared to other SSG formats.
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