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INTRODUCTION
A warm-up helps to attain optimal performance [1] and reduces 
injury risk through various mechanisms such as increasing muscle 
temperature, nerve conductivity, metabolic reactions, blood flow, 
oxygen consumption, anaerobic energy provision, and force expres-
sion [2, 3] and inducing post-activation performance enhance-
ment [4]. In addition, a warm-up may also provide an opportunity 
to mentally prepare players for upcoming tasks and induce positive 
psychological effects such as enhancing focus and self-confi-
dence [1–3].
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ABSTRACT:	 The	aim	of	 this	 study	was	 to	 compare	 the	effects	of	 small-sided	soccer	games	 (SSSGs)	and	
traditional	warm-up	(TWU)	routines	on	physical	fitness	qualities	in	soccer	players.	Following	a between-subject,	
randomized	design,	amateur-level	soccer	players	were	assigned	to	a SSSG	warm-up	(n = 10;	age:	19.3	±	2.8 years)	
or	TWU	group	 (n = 10;	age:	19.3	±	2.4 years).	Players	completed	multiple	 trials	of	10-m	and	30-m	 linear	
sprints,	change-of-direction	speed	(CODS)	tests,	and	countermovement	jumps	(CMJ)	prior	to	and	following	the	
warm-up	routine.	Separate	mixed	ANOVAs	were	performed	to	assess	group	effects	(SSSG	vs.	TWU),	time	effects	
within	each	group	(pre-	vs.	post-warm-up),	and	their	interaction	for	each	physical	fitness	quality.	No	significant	
interaction	effects	were	observed	for	any	dependent	variable.	Significant	improvements	were	evident	between	
baseline	and	follow-up	measurements	for	10-m	sprint	time	(p = 0.002,	Hedges’	g effect	size [g] = 0.59)	and	
CMJ	variables	(height:	p = 0.016,	g = 0.20;	power:	p = 0.003,	g = 0.19;	force:	p = 0.002,	g = 0.14)	in	
the	TWU	group	and	for	CODS	performance	time	(p = 0.012,	g = 0.51)	and	CMJ	variables	(height:	p < 0.001,	
g = 0.46;	power:	p = 0.002,	g = 0.35;	force:	p = 0.001,	g = 0.27)	in	the	SSSG	warm-up	group.	Both	SSSG	
and	TWU	protocols	 improved	selected	physical	fitness	qualities	with	SSSG	more	effective	at	 improving	CODS	
and	CMJ	performance,	and	TWU	more	effective	at	improving	linear	speed.	Soccer	coaches	may	choose	between	
SSSG	or	traditional	warm-up	activities	according	to	player	needs	and	preferences;	however,	the	superior	effects	
of	SSSG	suggest	it	might	offer	greater	benefits	than	TWU	in	preparing	players	for	optimal	physical	output.
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In soccer, warm-up protocols such as the FIFA 11+ prevention 
programme [5] or the Sportsmetrics Warm-up for Injury Prevention 
and Performance [6] commonly include running, static and dynam-
ic stretching [7], neuromuscular activities for preventing injury [8], 
high-intensity and post-activation performance exercises [4], and 
drills with specific tactical objectives (e.g., pressing drills if a ses-
sion’s objective is defending) [9]. In this way, such warm-up proto-
cols enhance performance in transitioning from less specific to more 
specific tasks, relative to the demands imposed during competitive 
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number of players per team, such as 4 vs. 4 with 2 additional play-
ers on one team (i.e., 4 vs. 4 + 2) may induce a soccer-specific 
warm-up stimulation that better represents match-play. From a prac-
tical perspective, a 4 vs. 4 + 2 SSSG configuration allows more play-
ers in the squad to warm-up together simultaneously than SSSG with 
less players involved. Further, recent developments in warm-up strat-
egies in soccer suggests that a short-duration (i.e., ~12 minutes) 
specific warm-up is as effective as a longer (i.e., ~20 minutes) warm-
up in improving readiness to play a match [20] and physical fitness 
qualities (i.e., sprint and repeated sprint ability), and may induce 
lower perceived exertion [21, 22]. Accordingly, to increase the eco-
logical validity of our study, a relatively short warm-up strategy was 
adopted (i.e., 12 min) for both warm-up protocols. Therefore, the 
aim of the study was to compare the effects of SSSGs and TWU rou-
tines on physical fitness qualities in soccer players. We hypothesized 
SSSGs as a warm-up approach would induce greater improvements 
in physical fitness qualities than a TWU in soccer players.

MATERIALS AND METHODS 
Subjects
Based on a previously reported effect size for CODS (ES = 0.8) fol-
lowing a SSSG warm-up by Zois, Bishop [9] an a priori analysis 
using G*Power software (v.3.1.9.4, University of Kiel, Kiel, Ger-
many) indicated that sample of 16 players would be required to 
obtain an f = 0.4 (large effect), and power = 0.80, with two groups 
and two measurements. Consequently, twenty-four male players 
volunteered to take part in the study. The inclusion criteria for the 
study involved: attendance at the familiarization session and the 
absence of any major injury in the lower-limbs in the previous 
6 months or any other recent injury. Three players did not complete 
the familiarization session and one player was injured during training 
prior to data collection. Accordingly, 20 players (age: 19.3 ± 2.6 years; 
height: 162.3 ± 6.0 cm; body mass: 60.6 ± 8.2 kg) from an amateur 
India 2nd division league soccer club completed the study (Table 1). 
An online randomization tool (www.randomizer.org) was used to 

play. Given the frequent execution of high-intensity actions (e.g., 
sprinting, change in direction speed [CODS], jumping) in soc-
cer [10, 11], specific warm-up activities may be key to optimizing 
the physical fitness qualities and skills of players most important for 
success [12]. In this sense, small-sided soccer games (SSSGs) used 
as a warm-up activity may optimize the specificity of player prepa-
ration as they closely resemble the demands of competition [13].

Though SSSGs have been extensively studied as a training meth-
od in soccer [13–16], evidence regarding their acute effects as 
a warm-up technique is scarce and heterogeneous in male soccer 
players, with benefits observed to physical fitness qualities (i.e., jump 
variables, CODS, repeated sprint performance) in amateur players 
over traditional warm-up (TWU) protocols (i.e. Premier League soc-
cer club-based warm-up routine) reported in one study [9] but not 
shown in semi-professional players in another study [17]. Moreover, 
TWU (~23 min) are typically longer than SSSG when used in a warm-
up protocol (~12 min) [9, 17], which indicates SSSG may offer use-
ful practical benefits for administration of the warm-up phase in 
a time-efficient manner. In addition, existing research has only ex-
amined the effects of SSSG as a warm-up technique on physical fit-
ness qualities in soccer players using 3 vs. 3  team configura-
tions [9, 17] and without consideration of tactical constraints. In 
turn, SSSGs aimed at specific tactical elements with a greater num-
ber of players per team may induce a soccer-specific warm-up stim-
ulation that better represents match-play and physically prepares 
players for upcoming demands [18, 19] than SSSGs tested to date.

Although some findings [9] on the effects of SSSGs used as 
a warm-up approach on physical fitness qualities in soccer are en-
couraging, due to the scarcity of literature and limited methodolo-
gies tested (i.e. 3 vs. 3 team configurations), we sought to compare 
the effects of SSSGs involving a greater number of players and tar-
geting ball possession as a tactical consideration against a TWU. 
The focus on ball possession as a tactical element was included in 
our study given it has been popularized in the literature [9, 18, 19], 
and SSSGs aimed at this specific tactical element with a greater 

TABLE 1. Demographic and aerobic capacity variables between the traditional warm-up (TWU) and small-sided soccer game (SSSG) 
warm-up groups.

Variables
Overall (n = 20) TWU Group (n = 10) SSSG Group (n-10)

p-value
Mean ± SD

Age (years) 19.3 ± 2.6 19.3 ± 2.4 19.3 ± 2.8 1.00

Height (cm) 162.3 ± 6.0 161.5 ± 4.6 163.1 ± 7.4 0.59

Body mass (kg) 60.6 ± 8.2 62.1 ± 8.5 59.1 ± 8.1 0.79

Yo-Yo IR1 distance (m) 908 ± 246 976 ± 202 840 ± 277 0.23

VO2maxpredicted (ml/kg/min) 44.0 ± 2.1 44.6 ± 1.6 43.5 ± 2.4 0.23

Note: p-values derived from separate independent t-tests showing groups to be similar across variables; abbreviations ordered 
alphabetically; SD: standard deviation; VO2maxpredicted: predicted VO2max; Yo-Yo IR1: Yo-Yo Intermittent Recovery Level 1.
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allocate players to the SSSG (n = 10) and TWU (n = 10) (Table 1). 
The players were informed about the study details and risks of par-
ticipation before providing written informed consent. The study was 
approved by the Departmental Research Committee of Lakshmibai 
National Institute of Physical Education and the protocol conformed 
to the Declaration of Helsinki (1964, updated in 2013).

Procedure
One familiarization session was conducted a week prior to data 
collection. Standing height, age, and Yo-Yo intermittent recovery 
level 1 tests scores were recorded on the same day as familiariza-
tion. The temperature, humidity, and wind velocity upon commenc-
ing the testing session were 19˚ C, 84%, and 4 km/h respectively. 
Players were asked to refrain from any strenuous activity and alco-
hol consumption for 24 h and eating for 3 h prior to testing. 

A between-subject, randomized design was used to compare the 
effects of SSSGs with a TWU on 10-m and 30-m linear sprint, CODS, 
and countermovement jump (CMJ) performance. The study was 
conducted during the start of the pre-season. Players were provided 
with a day of rest prior to data collection, and assessed on a single 
day between 9:00 and 11:00. Upon arrival for testing, players un-
derwent body mass measurement, followed by very light jogging 
(~60% of self-estimated maximum heart rate intensity) for 5 min, 
baseline testing, the warm-up protocol (i.e., TWU or SSSG)  for 12 
min, and follow-up testing after 5 min of passive standing (i.e., to 
facilitate the resynthesis of high-energy phosphate pools [23, 24]) 
(Figure 1). The players wore the same football shoes in all the as-
sessments, carried out on natural soccer turf, led by the same asses-
sor.

FIG. 1. Schematic of the study design. 
Note: Yo-Yo IR level 1: Yo-Yo Intermittent Recovery Test level 1; SSSG: small-sided soccer game; COD: change-of-direction; CMJ: 
countermovement jump.
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Warm-up protocols
Traditional warm-up
Players completed a series of dynamic stretching exercises across 
15 m before jogging back at a self-selected speed to the starting line. 
In this fashion, players completed two sets of adductor (i.e., internal 
rotation), abductor (i.e., external rotation), hamstring (i.e., single stiff 
leg forward bending stretch), gluteal (i.e., hip flexion and extension), 
and ankle-oriented (i.e., ankle rotation) dynamic stretching exer-
cises. Thereafter, players completed five 15-m sprints at 60% of 
maximal self-estimated effort (i.e., 100% would represent the per-
ceived maximal speed in a 15-m sprint), three sprints at 80% of 
maximal self-estimated effort, two sprints at 90% of maximal self-
estimated effort, and a final sprint at maximal effort. After each sprint, 
players jogged back at a self-selected speed to the starting line.

Small-sided soccer game warm-up
The SSSG warm-up protocol consisted of a 12-min match on 
a 15-m × 15-m pitch. The SSSG focused on ball possession with 
a 4 vs. 4 plus 2 neutral players configuration adopted given its com-
mon use in soccer [25, 26] (Figure 2). In addition, SSSGs aimed at 
ball possession as a tactical element and with a greater number of 
players per team (i.e., 4 vs. 4 + 2) may induce a soccer-specific 
warm-up stimulation that better represents match-play and physi-
cally prepares players for upcoming demands than configurations 
(i.e., 3 vs. 3) examined previously [9, 17].

Players were randomly distributed to teams and were instructed 
to keep possession of the ball for as long as possible. Two licensed 
soccer coaches supervised the SSSGs. The team in possession of 
the ball was supported by two neutral players (i.e., replaced after 
each set, with all players acting as neutral players at some point) to 
keep possession of the ball, meaning play comprised of 6 vs. 4 play-
ers to create a numerical advantage for one team. Six sets of exer-
cise were performed in the SSSG warm-up, with each set consisting 
of 90 s of active play followed by 30 s of active recovery. During the 
active recovery, players completed the same dynamic stretches as 
completed in the TWU group. One of the coaches provided verbal 
cues (e.g., ‘keep moving’, ‘don’t lose the ball’, ‘make the defenders 
move’) to the team in possession of the ball. A second coach pro-
vided verbal cues (e.g., ‘press’, ‘win the ball’, ‘don’t let them play’) 
to the defending team. The two coaches timed each SSSG set and 
active recovery, and ensured a  replacement ball was always 
available.

Physical fitness test battery
Linear sprint tests
A 10-m (ICC = 0.79) and a 30-m (ICC = 0.96) linear sprint test 
was conducted 5 min and 15 min, following completion of the warm-
up protocol respectively. A timing system consisting of two pairs of 
single-beam photocells (Cronox, Madrid, Spain) was positioned at 
a height of 0.6 m above ground level and players started 0.5 m be-
hind the first photocell with their preferred foot forward on a marked 

FIG. 2. The setup of the small-sided soccer games following a 4 
(black) vs. 4 (grey) + 2 (white) neutral players configuration on 
a 15-m × 15-m pitch. The white players supported the team in 
possession of the ball.

FIG. 3. The configuration of the modified version of the agility 
t-test was used to assess change-of-direction speed. Cones at a 
height of 0.3 m were placed at points A, B, C, and D with players 
being instructed to sprint from A to B, perform a 90˚ turn from 
cone B towards cone C, then perform a 180˚ turn at cone C 
towards cone B, before performing a turn at cone B towards cone 
D, then performing a 180˚ turn at cone D towards cone B, and 
finally returning to the start/finish line. The players were required 
to weave around the cones without touching them. Trials were 
discarded if the cones were displaced while changing direction 
with players being required to repeat the trial after 1 min of passive 
standing rest. Note: black line denotes primary turns, and grey 
line denotes secondary turns.
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line. Two trials were conducted for each sprint test, with a 1 min 
passive standing rest between trials. The fastest trial was selected 
for analysis in each sprint test.

Change-of-direction speed test
A CODS test was conducted 8 min following completion of the warm-
up protocol using a modified version of the the agility T-test 
(ICC = 0.91) [27], to replicate soccer-specific CODS demands (Fig-
ure 3). A timing system with one pair of single-beam photocells 
(Cronox, Madrid, Spain) was placed at a height 0.6 m above ground 
level at the start/finish line. Players started 0.5 m behind the start/
finish line in a standing position with their preferred foot forward. 

Two trials were conducted with 1 min of passive standing rest between 
trials and the fastest trial selected for analysis.

Countermovement jump
A CMJ test with the hands on the hip was conducted 20 min follow-
ing completion of the warm-up protocol. Players were instructed to 
jump maximally following a countermovement with a self-selected 
magnitude of knee flexion. Height (CMJheight), force (CMJforce) and 
power (CMJpower) (all ICC = 0.96) generated during the CMJ were 
measured with a validated (vs. force plate, jump height: r = 0.99; 
jump power: r = 0.85) [28] IOS application, My Jump 2, installed 
on an Apple iPad 8th generation (Apple Inc., California, USA) with 

FIG. 4. Mean (column) ± standard deviation (error bar) along with individual responses (grey lines) for (a) 10-m linear sprint time 
[s], (b) 30-m linear sprint time [s], (c) change-of-direction speed test time [s], (d) countermovement jump height [cm] (e) countermovement 
jump force [N] and (f) countermovement jump power [W] prior to and following a traditional warm-up and small-sided soccer game 
(SSSG) warm-up protocol.
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RESULTS 
The mean ± SD for each dependent variable is shown in Table 2, 
with individual data presented in Figure 4. Statistical outcomes for 
comparisons in each dependent variable are also shown in Table 2. 
No significant baseline (p = 0.41–0.86) differences were observed 
between the TWU group and the SSSG group (i.e., independent t-test) 
in any of the dependent variables further supporting the matching of 
groups regarding physical fitness qualities.

Separate 2 × 2 mixed ANOVAs revealed no significant group ef-
fects (p  =  0.29–0.99) or interaction effects (time × group) 
(p = 0.08–0.95) for any dependent variable. However, significant 
time effects were observed in 10-m sprint time (p = 0.001, 
ɳp

2 = 0.46), CODS test time (p = 0.003, ɳp
2 = 0.39) and CMJ 

variables (CMJheight, p = < 0.001, ɳp
2 = 0.67; CMJpower, p = < 0.001, 

ɳp
2 = 0.65; CMJforce, p = < 0.001, ɳp

2 = 0.68). Post-hoc paired 
sample t-tests revealed significant improvements in 10-m sprint time 
(p = 0.002, g = 0.59) and CMJ variables (CMJheight, p = 0.016, 
g = 0.20; CMJpower, p = 0.003, g = 0.19; CMJforce, p = 0.002, 
g = 0.14) in the TWU group. On the other hand, significant improve-
ments in CODS test time (p = 0.012, g = 0.51) and CMJ variables 
(CMJheight, p = < 0.001, g = 0.46; CMJpower, p = 0.002, g = 0.35; 
CMJforce, p = 0.001, g = 0.27) were observed in the SSSG warm-
up group (Table 2).

a 120-Hz high-speed camera at a quality of 720 p. The camera was 
directed as low as possible facing each player in the frontal plane 
~2 m away to best record jump performance. Two trials were per-
formed by each player with a recovery period of 1 minute between 
trials. The highest value for each variable was selected for analysis.

Statistical analysis
Analyses were conducted using IBM SPSS version 20.0.0 (IBM, New 
York, USA). The normality of all data was verified using the Shapiro-Wilk 
test. Data are presented as mean ± standard deviation (SD). A two 
(baseline vs. follow-up testing) × two (TWU vs. SSSG warm-up) mixed 
ANOVA was used to analyze the collected data. In addition, paired 
(within-group comparisons) and independent (between-group com-
parisons) t-tests were used for post-hoc analyses with Bonferroni ad-
justments applied. The percentage change score for each variable in 
each group was calculated using the equation: [(meanpost – meanpre) 
/ meanpre] × 100. Effects sizes were calculated as partial eta squared 
(ɳp

2) for interaction and main effects in each ANOVA and as Hedge’s 
g to assess changes between baseline and follow-up testing in each 
group. The magnitude of effects for ɳ2(p) was interpreted as small 
(< 0.06), medium (≥ 0.06–0.13), and large (≥ 0.14) [29], while 
Hedge’s g was interpreted as trivial (< 0.2), small (0.2–0.6), moder-
ate (> 0.6–1.2), large (> 1.2–2.0), very large (> 2.0–4.0) and ex-
tremely large (> 4.0) [30]. Statistical significance was set at p ≤ 0.05.

TABLE 2. Statistical comparisons for changes in physical fitness qualities between traditional warm-up and small-sided soccer games 
(SSSG) warm-up protocols in soccer players.

Variable

Traditional warm-up group (n = 10) SSSG warm-up group (n = 10) Main time effect Time × group

Baseline
Follow-

up %Δ
p-value [g]
Magnitude

Baseline
Follow-

up %Δ
p-value [g]
Magnitude

p-value [ɳp
2] 

Magnitude
p-value [ɳp

2]
Magnitude

Mean ± SD Mean ± SD

10-m sprint
time (s)

1.91 
± 0.09

1.85 
± 0.11

-3.2%
0.002* [0.59]

Moderate
1.88 

± 0.10
1.83 

± 0.09
-2.6%

0.076 [0.51]
Moderate

0.001# [0.460]
Large

0.661 [0.011]
Small

30-m sprint 
time (s)

4.50 
± 0.18

4.49 
± 0.19

-0.3%
0.466 [0.07]

Trivial
4.51 

± 0.19
4.49 

± 0.21
-0.3%

0.644 [0.06]
Trivial

0415 [0.037]
Small

0.951 [<0.001]
Small

CODS time (s)
10.55 
± 0.52

10.49 
± 0.52

-0.6%
0.157 [0.11]

Trivial
10.43 
± 0.26

10.28 
± 0.29

-1.4%
0.012* [0.51]

Moderate
0.003# [0.392]

Large
0.171 [0.101]

Medium

CMJheight (cm)
32.8 
± 5.5

33.9 
± 5.30

3.4%
0.016* [0.20]

Small
31.7 
± 4.2

33.9 
± 4.7

6.8%
 < 0.001* 

[0.46]
Small

 <0.001#  

[0.671]
Large

0.078 [0.162]
Large

CMJpower (W)
2149 
± 737

2301 
± 769

7.1%
0.003* [0.19]

Trivial
2030 
± 674

2310 
± 850

13.8%
0.002* [0.35]

Small

 <0.001#  

[0.654]
Large

0.099 [0.144]
Large

CMJforce (N)
1479 
± 458

1552 
± 478

4.9%
0.002* [0.14]

Trivial
1419 
± 421

1551 
± 504

9.3%
0.001* [0.27]

Small

 <0.001#  

[0.676]
Large

0.098 [0.145]
Large

Note: abbreviations ordered alphabetically; CODS: change-of-direction speed; CMJ: countermovement jump; g: Hedges’ g effect size; 
ɳp

2: partial eta squared; SD: standard deviation; %Δ: percentage change score between baseline and follow-up measures; *: significant 
difference between baseline and follow-up measures; #: significant main time effect.
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DISCUSSION 
The aim of this study was to compare the effects of TWU and SSSG 
as warm-up approaches on physical fitness qualities in soccer players. 
Results revealed both warm-up protocols induced improvements in 
physical fitness qualities deemed important in soccer. However, mod-
erate improvement in 10-m linear speed (3.2%) and small to trivial 
improvement in CMJ performance (3.4–7.1%) was observed follow-
ing TWU, while moderate improvement in CODS (1.4%) and small 
improvement in CMJ performance (6.8–13.8%) was observed fol-
lowing SSSGs. Therefore, the present findings confirm SSSG can be 
used as a warm-up strategy to acutely improve important physical 
fitness qualities in soccer players.

Our findings suggest warm-up strategies, in the form of a TWU or 
SSSG, improve various physical fitness qualities in soccer players. In 
agreement with our results, previous research has shown various 
warm-up strategies, such as TWU, 3 vs. 3 SSSG, long specific, short 
specific, and 5-repetition maximum leg press to improve physical fit-
ness qualities, including linear sprint, vertical jump, reactive agility, 
and repeated sprint ability in various samples of soccer play-
ers [9, 17, 21, 22]. Both warm-up protocols examined in this study 
likely produced positive acute effects on physical fitness qualities due 
to various physiological mechanisms, but namely a rise in body tem-
perature which subsequently enhances muscle metabolism [31] as 
well as increases muscle fiber contractile performance [32] and con-
duction velocity [33]. In this regard, a 1°C increase in muscle tem-
perature enhances power output and can improve exercise perfor-
mance such as sprinting, jumping, and maximal strength during knee 
extension between 2–5% [34–36]. Relatedly, warm-up protocols in-
tended to increase muscle temperature have also been shown to be 
positively related to movement velocity during 20-s maximal efforts 
on isokinetic cycle ergometers [35] and relative work rate during cy-
cling [37]. Furthermore, an elevation in oxygen uptake kinetics [38] 
following dynamic warm-up protocols may enhance the functioning 
of the cardiovascular system (e.g., increased systolic volume). Con-
sequently, the multidimensional acute benefits of different warm-up 
protocols likely underpin the benefits we observed for various physi-
cal fitness qualities in soccer players.

While both warm-up protocols improved physical fitness, we not-
ed a moderate improvement in 10-m sprint time only in the TWU 
group, probably attributed to the specificity of the TWU protocol to 
linear sprinting. Indeed eleven 15-m linear sprints at different inten-
sities were performed in the TWU group, which may have promoted 
neuromuscular activation and coordination of muscles recruited spe-
cifically across 10-m sprints [39]. In support of this notion, literature 
suggests warm-up activities should be chosen on the degree of their 
specificity relative to the exercise they precede [3, 39]. In turn, van 
den Tillaar, Lerberg [22] suggested the mere execution of an extend-
ed generalized warm-up did not constitute a sufficient stimulus to im-
prove maximal linear sprint performance, but instead recommended 
a targeted approach of specific activities that resemble the nature of 
subsequent performance. Accordingly, the significant improvement in 

10-m linear sprint speed in the TWU group but not in the SSSG warm-
up group could be explained by the absence of specific linear sprint-
ing activities being employed in the ad hoc match-play involved in 
the SSSG. In a similar vein, the lack of any improvement in 30-m 
sprint speed in both the TWU and SSSG groups could be due to the 
insufficient specificity of the stimulus with neither performing sprints 
of this distance in the respective warm-up protocols. Similar to our 
findings, Zois, Bishop [9] reported no significant improvement in 20-m 
linear sprint performance after a SSSG warm-up following a 3 vs. 
3 configuration. Therefore, from a practical perspective, the collec-
tive evidence suggests soccer-specific linear sprints (e.g., 10–30 m) 
should accompany SSSG when used as a warm-up to gain maximal 
benefits, such as during the active intra-set recovery period inter-
spersed throughout SSSG.

In contrast to 10-m linear sprint performance, only the SSSG warm-
up group experienced significant positive improvements in CODS. In 
line with the principle of specificity discussed for our findings regard-
ing discrepancies in the effects of each warm-up on 10-m linear sprint 
speed, players executed several changes-of-direction with or without 
the ball during the SSSG warm-up but not during the TWU. Activity 
patterns during the SSSG may have activated muscles required for 
effectively changing direction (e.g., adductor magnus, hamstrings, 
gluteus maximus, quadriceps) [40] and, in the process, enhanced 
CODS. Indeed, a meta-analysis indicated that SSSG training improve 
CODS in team sports athletes such as soccer, handball, rugby, vol-
leyball, and Australian football players [41]. Furthermore, a small 
pitch area, such as the 15-m × 15-m pitch we utilized, has been sug-
gested to increase the pressure placed on players on offence given 
there is less space to evade defenders, necessitating fast multi-direc-
tional movements to maintain possession [15]. Indeed, Zois, Bish-
op [9] observed a similar acute improvement (3.8%) in reactive agil-
ity speed following a SSSG warm-up, which exceeded the benefit 
(0.9%) of a TWU consisting of general activities such as butt-kicks, 
high-knees, and body-weight squats, specific movements such as lat-
eral skipping, back and forth sprinting, and CODS movements, and 
ball control activities such as dribbling, passing, and run-through. 
Therefore, the collective evidence suggests SSSG warm-ups are su-
perior to TWU in promoting benefits for CODS.

Our study also demonstrated improvements in CMJ performance 
with both warm-up protocols. Although no group by time interactions 
were noted for CMJ variables, the SSSG warm-up induced a two-fold 
increase in CMJ performance (6.8% CMJheight, 13.8% CMJpower, 9.3% 
CMJforce) compared to the TWU (3.4% CMJheight, 7.1% CMJpower, 4.9% 
CMJforce). Our results confirm those reported by Zois, Bishop [9] who 
observed a 3 vs. 3 SSSG warm-up increased CMJheight (6%) more than 
a traditional team-sport warm-up (< 1%) among amateur male soc-
cer players. Similar findings were also observed among handball play-
ers, where a small-sided games based warm-up routine elicited bet-
ter performance in CMJ than the TWU [42]. The greater improvement 
in CMJ performance with SSSG warm-up protocols compared to TWU 
protocols could be attributed to an intensity-dependent relationship [43] 
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whereby warm-up protocols performed at higher intensities have been 
shown to elicit greater positive effects on jumping performance (i.e., 
drop jump, CMJ, and squat jump) among volleyball players [43] and 
basketball players [44]. In this sense, the SSSG warm-up likely re-
quired players to perform more frequent high-intensity efforts, includ-
ing jumps, while undertaking different unpredictable match scenari-
os compared to the planned TWU protocol. Indeed, the SSSG involved 
some unplanned jumping actions potentially leading to a post-activa-
tion phenomena (e.g., increased muscle activation) [43] that aided 
subsequent jumping performance during testing as previously demon-
strated in rugby players [45].

While the present study offers novel insight into the efficacy of dif-
ferent warm-up protocols in soccer, some limitations should be ac-
knowledged. Firstly, useful physiological measurements such as heart 
rate, core temperature, oxygen consumption, and blood lactate con-
centration were not able to be measured and therefore prevented de-
finitive physiological reasoning from being provided to explain our 
findings across the different warm-up protocols. Secondly, given we 
examined amateur soccer players, the results cannot be simply ex-
trapolated to players competing at higher levels due to potential dif-
ferences in physical fitness and responses to warm-up activities across 
playing levels. Additionally, we did not examine other task constraints 
(e.g., touch limitation, pitch size) which could potentially affect the 
outcomes [46]. Finally, although the gold standard randomized, cross-
over design was not permissible to use in our study given players were 
not available for repeated assessments, we examined groups that 
were closely matched across various demographic and physical fit-
ness variables following a between-groups design. Nevertheless, 

future studies on this topic should aim to implement randomized, 
crossover study designs as this approach better accounts for the in-
ter-individual variability across players.

CONCLUSIONS 
In conclusion, both traditional and SSSG warm-up protocols improved 
selected physical fitness qualities, with SSSG more effective at im-
proving CODS and CMJ performance, and TWU more effective at 
improving linear speed in soccer players. Soccer coaches may choose 
between SSSG or TWU activities according to player needs and 
preferences; however, the superior effects of SSSG on CODS and CMJ 
variables suggests it might offer greater benefits than TWU in prepar-
ing players for optimal physical output. Furthermore, coaches and 
practitioners could supplement the SSSG warm-up with short linear 
sprints to ensure linear speed is also optimized. Future studies are 
encouraged stemming from our work to assess whether technical 
abilities and tactical behaviors can be preferentially improved with 
specific warm-up approaches in soccer.
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