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ABSTRACT

INTRODUCTION

This study determined the effects of a single sled
push at different loads on sprint performance in
competitive male soccer players. Twenty male
competitive outfield soccer players (age 19.6±1.3y,
body mass 73.6±8.2kg) were split into experimental
(n=10) and control groups. In the experimental
group, 20m linear sprint time was measured
immediately before and 5, 6 and 7minutes after
the sled push with either 50 or 100% body mass.
The control group performed the 20m sprints only.
A repeated measures ANOVA comparing control
and experimental groups revealed no effects of
time, group or time by group interaction for either
experimental condition (all P>0.05). The repeated
measures ANOVA compared the experimental
conditions revealed effects of time (P=0.034) and
group (P=0.002), but not time by group (P>0.05). The
effects sizes demonstrated favourable within group
effects on sprint time that were small to moderate
(-0.26 to 0.71) and trivial to small (-0.31 to 0.09) for the
50% and 100% body mass condition, respectively.
These findings demonstrate that a sled push has no
significant effect on 20 m sprint time in competitive
footballers. If coaches continue to prescribe a
sled push before sprinting, a single 15 m push
with 50% body mass could have positive benefits.

Association football (i.e. soccer) in an intermittent
sport that incorporates high-intensity exercise (e.g.
sprinting, changes of direction) interspersed with
periods of low-intensity (e.g. standing, walking,
jogging) (24). Players will perform between 1781 sprints per game, depending on their position,
which typically accounts for ~11% of the distance
covered (2,24,25,33). Moreover players in lower
leagues/levels will perform less high-intensity activity
(i.e. sprinting) (24), due to the slower nature of the
game. Though sprinting only accounts for a small
percentage of the distance covered (i.e. 11%), it is
recognised that sprinting is a key element within a
match (19,30). Indeed, sprinting is the most common
action involved in scoring and assisting which can
distinguish between game outcomes (19). Given
the importance of sprint performance to soccer, it is
important for practitioners to utilise training methods
that will enhance sprint time in their athletes.
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Resistance training is one of the most widely
used methods to enhance sprinting performance
(7). When performed longitudinally, resistance
training can enhance sprint performance (14). For
example, after 10 weeks of power-based resistance
training, 40m sprint time was decreased by ~0.13s
(14). Moreover, a meta-analysis concluded that
resistance training induced increases in lower-body
strength were significantly related to decreased
sprint time (r = -0.77) (29). Whilst it is evident that
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resistance exercise can enhance performance,
these changes take a prolonged period of time (i.e.
weeks). Interventions (e.g. potentiating exercises)
that can enhance performance acutely (i.e. within
minutes) may complement the benefits induced by
longer-term training regimes.
Post-activation performance enhancement refers to
an improvement in exercise performance evoked by
prior muscle activity (e.g. conditioning activity) (6)
and is underpinned by a both central and peripheral
factors e.g. elevated pre-synaptic excitation,
enhanced myosin heavy chain phosphorylation
(6). Generally, studies have observed that a prior
conditioning activity can enhance performance
acutely, with optimal benefits occurring between 5
and 7 minutes after the initial activity (27). Indeed,
in stronger individuals (i.e. squat > 1.75 times
body mass) a single set of high-intensity exercise
(>85% one repetition maximum; 1RM) prior to
performance is more beneficial than multiple sets
or moderate intensity exercise (27,31). This is
potentially owing to enhanced fatigue resistance
and greater peripheral alterations (e.g. myosin
heavy chain phosphorylation) in these individuals
(27). Whilst this provides important information for
practitioners working with athletes, several practical
considerations still exist. Firstly, using a percentage
1RM to prescribe the intensity of conditioning activity
is time consuming and subject to day to day variation
(17). Secondly, the conditioning activity should be
biomechanically similar to the exercise task (4) and,
therefore using gym-based activities for sprinting
may not be either optimal or logistically possible for
many practitioners. Consequently, it is essential to
use field-based modalities to induce post-activation
performance enhancement and ensuring these are
prescribed optimally.
The effects of an acute bout of squat exercise on sprint
times are generally positive (3,36). For example,
squatting with between 30 and 70% 1RM had a
significant improvement on 40m sprint performance
in strength trained men (36). However, as Crewther
et al.(15) and Yetter and Moir(36) acknowledge,
biomechanical similarity between the conditioning
activity and performance are a key consideration.
As such, there may be better lower-body exercises
to prescribe to ensure dynamic correspondence
for sprint performance (e.g. sled pushing). Seitz et
al.(28) reported a 0.95 to 1.80% reduction in 20 m
sprint time 4 to 8 minutes, respectively, after a single
sled push with 75% body mass in rugby league
players. However, when the sled push was performed
with 125% body mass, sprint time was impaired at
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all time points (28). Indeed, previous research has
shown that using moderate loads (~50% body mass)
during resisted sprint training results in greater
improvements in sprint performance than lower or
higher loads (26). Moreover, an important limitation,
which Seitz and colleagues (28) acknowledge, is the
absence of a control group. Thus, it is unknown if
performance was enhanced due to the sled push,
or due to the consecutive sprints. Therefore, the aim
of this study was to investigate the effects of a sled
push performed at 50 and 100% of body mass on
sprint performance in well-trained collegiate football
players. Given the lack of comparable reports,
we propose the null hypothesis (i.e. no difference
between conditions) for this study.
METHODS
Participants
Twenty male competitive outfield soccer players
(age 19.6 ± 1.3 y, mass 73.6 ± 8.2 kg, stature
1.81 ± 0.7 m) were randomly split into two groups;
experimental (n = 10) and control (n = 10) (See
table 1). All participants were recruited from the
host institutions sports academy. All participants
regularly performed resistance (>1 year) and soccer
(3 times per week) training and were asymptomatic
of illness and injury. Participants completed a preparticipation screening questionnaire and informed
consent prior to testing. Ethical approval was
attained from the host institutions ethics committee
and undertaken in accordance with the Declaration
of Helsinki.
Study Design
Using a repeated-measures, between-groups
design, participants attended the strength and
conditioning laboratory on two occasions separated
by one week. On both occasions’ participants
performed a standardised warm up (3 incremental
runs and lower-body stretching) before sprinting
and performing the sled push. On the first trial, the
experimental group performed a 20 m, unresisted
sprint before (60s) and 5, 6 and 7 minutes after a
sled push at either 50 or 100% body mass. The
second trial was identical to the first, but participants
performed the sled push with the opposing condition.
The order of the sled push was randomised
between participants. For both trials a control group
performed maximal unresisted sprints at the same
times points as the experimental group but did
not perform the sled push. Whilst the experimental
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group was performing the sled push, the control
group remained standing (~30 s).
Procedures
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performed sled pushes as part of their resistance
training regimes, thus no familiarisation trials were
provided.
Statistical Analysis

Anthropometric Assessment
Stature was measured before the warm up on the
first visit using a stadiometer (Seca height measure,
Birmingham, UK). Before the warm up of each visit,
participants body mass was assessed using digital
scales (SECA model 813, Birmingham, UK) and
measured to the nearest 0.1kg. Participants were
required to take off their footwear (plastic studded
football boots) and stand on the scales with their
weight distributed evenly across both feet. Clothing
items such as shorts and t-shirts were worn during
the weighing. This body mass was used to set the
load for the sled push.
Sprint Time
Participants performed a maximal sprint effort which
started in a static (i.e., preventing a pre-emptive
backwards movement) standing position with
their stance staggered (this was self-selected but
standardised for all sprints). This was performed
on a flat, artificial turf over 20 m. For each effort
participants were instructed to maximally sprint
through the timing gates. At baseline, participants
performed three maximal unresisted 20 m sprints
with 2 minutes rest between attempts. The lowest
value (i.e., best performance) was used for analysis
(28). After the sled push, participants complete
a single maximal unresisted maximal unresisted
sprint at 5-, 6- and 7-minutes post. Sprint time
was recorded using timing gates set a 0 and 20 m
(Brower Timing Systems, Utah, USA). These timing
gates can provide reliable (coefficient of variation of
1%) assessments of sprint time (34).
Conditioning Activity
A single sled push stimulus was performed at either
50% or 100% body mass over a 15-metre distance.
Plates were loaded manually on to a scrum sled
(1.13m high, 0.65m wide; Scrum Sled, Perform
Better, UK). The sled push was performed the
same surface, and the athletes were instructed to
‘explode’, and ‘push the ground away’. These cues
were selected, as an external focus of attention can
aid sprint time (5). Hand-height was individually
standardised across trials. The athletes were
instructed to push with a forward lean to optimise the
striking angle of the foot (22). Participants regularly

Data were checked for normality and equal
variances by the Shapiro-Wilk and Levene statistics,
respectively, and these assumptions were repeatedly
found to be satisfied (P > 0.05). Separate two-way
repeated measures ANOVAs (time by group) were
employed to determine changes in sprint time over
time between the control and experimental groups.
When sphericity was violated, the GreenhouseGeisser correction was used. Between- ([(50%
body mass mean change–100% body mass mean
change)/pooled standard deviation of the change
score]) and within-group (difference between
means/pooled standard deviation) effect sizes (ES;
Cohen’s d) (12,16) and 90% confidence intervals
(CI) were calculated to determine the magnitude of
the changes between conditions. Thresholds for the
magnitude of the observed change for each variable
were qualified as trivial (< 0.20), small (0.20 to 0.59),
moderate (0.60 to 1.19), large (1.20 to 1.99), and
very large (>2.00) (20). Alpha was set at 0.05.
RESULTS
Sprint times are detailed in figures 1 and 2 for the
50 and 100% body mass sled push conditions,
respectively. The interaction effect was not
significant (F(2.5, 18) = 2.2, P = 0.112) for the 50% body
mass condition (vs control). Changes approached
significance for time (F(2.5, 18) = 3.0, P = 0.051) and
condition (F(1, 18) = 4.1, P = 0.056). The withingroup effect sizes for the 50% body mass condition
displayed small to moderate differences to baseline
at 5 to 7 minutes (Table 1).
A two-way repeated measures ANOVA found no
effect of time (F(2.8, 18) = 2.3, P = 0.095), group (F(1, 18)
= 0.003, P = 0.954), or time by group (F(2.8, 18) = 3.1, P
= 0.507) for the 100% body mass condition. Withingroup effect sizes at 5 and 6 minutes were trivial and
small at 7 minutes.
A two-way repeated measures ANOVA, comparing
changes in sprint time between the two experimental
conditions revealed a main effect for group (F(1, 9) =
18.4, P = 0.002) and time (F(3, 9) = 3.3, P = 0.034).
The time by group effect was not significant (F(3, 9)
= 1.5, P = 0.249). Between-group effect sizes were
small at 6 minutes, suggesting the 50% body weight
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condition resulted in an improved in sprint time than
the 100% condition.
DISCUSSION
This study sought to determine the effect of a single
sled push at 50 or 100% body mass, on 20 m
sprint time. We report that 20 m sprint time was not
significantly different to baseline after a sled push at
both 50 and 100% of body mass when compared
to the control group. These data indicate that if
practitioners want to enhance sprint time acutely in
competitive footballers, a sled push is not suitable.
Importantly, this study found that there were no
negative effects of the sled, especially for 50% of
body mass condition.

At all-time points after the sled push, sprint time
was not significantly different from baseline in
both conditions. These data are similar to studies
reporting no difference and impaired sprint time in
sprint time after a heavy squats (up to 10 minutes
post) (3,23) or sled pushing (up to 12 minutes post)
(28). For example, after a sled push at 125% body
mass, Seitz et al. (28) reported impairments in sprint
time at 15s to 12 minutes. The sled push is a suitable
strategy for speed development, particularly when
aiming to improve the ability to exert force during
horizontal locomotion (11). However, sled pushing
may alter the sprinting gait cycle by removal of the
arm action that synchronizes and counterbalances
the leg action occurring at the hip (21). Moreover,
the 100% body mass condition, may have negatively
impacted the specificity and transfer to maximal
sprinting by inducing longer ground contact times
(i.e. fatigue) (32).

Table 1. Effect sizes ± 90% confidence intervals within- (50 and 100%) and between (50 vs 100%) the two experimental groups. Text in italics denotes the qualitative interpretation of the effect sizes. Between-group effect sizes are
between the two experimental conditions only.

50%
100%

Between-group effect size
5 mins
6 mins
7 mins

Trivial
-0.19 ± 0.45

Small
-0.41 ± 0.35

6 mins

7 mins

Trivial
-0.23 ± 0.40

3.7
3.6
3.5
20m sprint time (s)

Condition

Within-group effect size
5 mins
6 mins
7 mins
Small
Moderate
Moderate
-0.26 ± 0.68 -0.71 ± 0.57 -0.62 ± 0.65
Trivial
Trivial
Small
0.09 ± 0.64
-0.01 ± 0.74 -0.31 ± 0.72

3.4
3.3
3.2
3.1
3.0
2.9
2.8
2.7

Baseline

5 mins
Experimental

Control

Figure 1. Sprint times (seconds) after the 50% body mass sled push. The rectangles
denote the means for each group. The circles denote the individual values for the
experimental group only.
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3.7
3.6

20m sprint time (s)

3.5
3.4
3.3
3.2
3.1
3.0
2.9
2.8
2.7

Baseline

5 mins

6 mins

Experimental

7 mins

Control

Figure 2. Sprint time (seconds) after the 100% body mass sled push. The rectangles
denote the means for each group. The circles denote the individual values for the
experimental group only.

The load condition included during sprint efforts
might explain the different effect sizes after pushing
a sled (18). According to the present results, the
lighter load (i.e., 50% of body mass) resulted in a
moderate improvement (indicative of post-activation
performance enhancement/fitness) in 20 m sprint
time, whereas the effects for the 100% body mass
condition were lower. These findings are similar to
work in rugby players analysing the potentiating
effects of performing sled push exercise on 20 m
sprint test (28). After pushing a sled with 75% of
body mass, athletes presented better 0-20 m sprint
times in 4, 8, and 12 minute intervals, while the
opposite was observed after a 125% of body mass
sled push (28). These results (28) suggest that the
load underpins the potentiating effects in sprinting
activities. In fact, pushing a sled with 50% of body
mass represents a moderate load, resulting in 50%
of velocity decrement (power training threshold),
whereas 100% of body mass represents a heavy
load, resulting in 80% of velocity decrement
(strength-speed training threshold) (9,10). As such,
the small differences, although non-significant,
between loads are logical. Indeed, the sled push
with 100% body mass may have generated greater
neuromuscular fatigue than 50% body mass, thus
limiting transfer of training effect during 20 m sprint.
Moreover, the associated neuromuscular fatigue
resulting from the heavy load and short rest interval

may not have allowed for sufficient restoration of
adenosine triphosphate and phosphocreatine, the
clearance of fatigue-inducing substrates, and the
restoration of force production capacity, which
negatively affected 20 m sprint (13). That said,
pushing the sled with heavy load can be strenuous
for the involved muscles which are needed for
sprinting, thus resulting in detrimental performance.
In the present study, there was a potential
improvement at 6 mins in 50% of body mass
condition. This finding suggests that including a load
which corresponds to the power training threshold
(9,10) during sprint efforts can elicit an improvement
in 20 m sprint time after an approximately six minute
passive recovery period. This response corresponds
to the post-activation performance enhancement
which is a physiological phenomenon associated
to the changes in muscle temperature, muscle/
cellular water content, and muscle activation after a
brief bout of high-intensity exercise (6). Regardless
of the mechanisms, athletes may benefit of positive
transfer resulting from the similarities between
activities (sled pushing and sprinting) in terms of
the muscle fibers involvement (8). Moreover, the
sled push accentuates the biomechanics of the
acceleration phase, promoting a lowered torso, hips,
and positive shin angles (18). This position allows
athletes to correctly simulate the triple extension
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position; a key aspect during sprinting activities.
Given that these effects were only approaching
significance, we tentatively suggest that the sled
push with 50% body mass could be used to elicit a
moderate improvement in 20 m sprint time.
The current study required athletes to attend on to
occasions and perform sprints at 5, 6 and 7 minutes
each time. It is plausible that the findings at 6 and
7 minutes were affected by the sprints performed
prior. However, it is unfeasible to separate these
visits, given we have 2 conditions; this would
result in 6 visits. Moreover, our approach has been
adopted beforehand (28,35). Unfortunately, we did
not collect data on the breakdown of sprint times
within the 20 m distance. Thus, we do not know if
shorter sprint time (e.g. 5 and 10 m) was affected by
the conditioning activity. However, considering the
average sprint distances (~21m) in soccer (1) the
assessment of 20 m sprint performance may be of
greater practical relevance.
CONCLUSION

4.

5.
6.

7.

8.
9.

This study aimed to determine the effects of a sled
push at 50 and 100% body mass on subsequent 20
m sprint time. Compared to the control condition,
sprint time after a 50 and 100% body mass sled
push were unaffected. However, the 50% body
mass sled push did demonstrate a moderate effect
that approached significance at 6 minutes post sled
push. Importantly, there were no negative affects of
the sled push on sprint time. Therefore, if athletes
or coaches wish to use the sled push exercise as
a conditioning activity prior to performing sprinting
training, using a load corresponding to 50% body
mass may be considered.
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