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ABSTRACT

Soccer is an intermittent high-intensity activity requiring explosive strength and power production by the
neuromuscular system. Plyometric training is recognized as an effective method for improving both sprinting
and jumping ability through the stretch-shortening cycle. The aim of this study was to compare the effects of
plyometric training on sand versus a grass surface on sprinting, jumping, agility, balance ability in soccer
players. Sixteen adult soccer players volunteered in the study and were randomly assigned to a plyometric
training group performed on sand (PS, n = 8) or on grass (PG, n = 8). Both groups performed 7 weeks of
plyometric training on two separate weekly sessions lasting about 1.5 hour. Five-, 10- and 20-meters sprint
test, Sargent test and standing long jump test, lllynois Agility test and Stork test were administered to assess
sprinting, jumping, agility and balance ability, respectively. After 7 weeks of intervention results showed
significative improvements in PS group for sprinting (p < .05), for standing long jump test (p < .05) and for
balance (p <.05). Small but not significant differences were found for the other variables. A 7-week plyometric
training performed on sand showed improvements on sprinting, jumping and balance respect to the same
training performed on grass surface in adult soccer players.
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INTRODUCTION

Soccer is an intermittent high-intensity activity whose actions require explosive strength and power
production by the neuromuscular system (Impellizzeri et al., 2008). The performance of a footballer during a
match requires numerous maximal and high-intensity ballistic muscle actions, such as jumps, passes, shots,
contrasts, changes of direction, sprints and rapid changes of pace (Bangsbo et al., 2006; Ramirez-Campillo
et al., 2014, 2015). Indeed, the most crucial moments of a soccer game such as gaining possession of the
ball, scoring, assisting, preventing goals, etc., depend on players' ability to perform high-speed tasks and
energy production (Sohnlein et al., 2014; Vaczi et al., 2013).

In line with the above mentioned physiological and performance demands, soccer training requires great
attention on lower limbs muscular power training. In addition, movements such as vertical jumps or changes
of direction in stable or unstable conditions are essential components of soccer athletic performance. These
actions are characterized by muscular actions that occur in the so-called stretch-shortening cycle (SSC).
During the SSC, pre-activated muscles undergo a rapid lengthening (eccentric phase) followed by an
immediate shortening action (concentric phase), using the elastic energy stored during the eccentric
(Michailidis et al., 2013).

Plyometric training (PT) is recognized as an effective method for improving both sprinting and jumping ability
through the SSC. This type of work, through the performance of explosive bodyweight resistance exercises,
improves physical abilities such as speed, strength and power (Booth and Orr, 2016). PT results in
performance improvements for sprint times over distances between 5 and 40m, for maximal strength and
muscle power, especially that of the hamstrings extensors, and for sport-specific agility (Vaczi et al., 2013;
Booth and Orr, 2016). PT has been also extensively applied to adolescents (Latino et al., 2019), to young
athletes across different sports disciplines (Fischetti et al., 2019a; 2019b; Greco et al., 2019; Sannicandro et
al. 2014) and in special populations sports (Fischetti et al., 2019c).

Plyometrics is an effective, quick, and easy sport-specific training methodology for improving training strategy
in youth soccer and has been shown to produce improvements in jumping and sprinting performance (Komi,
2003; Markovic and Mikulic, 2010; Saez de Villarreal et al., 2015). For this reason, PT is considered an
appropriate methodology to achieve improvements in the soccer-related performance, mainly attributable to
neuromuscular adaptations (Chaouachi et al., 2014; Meylan et al., 2014; Ramirez-Campillo et al., 2015).
Indeed. there is a general consensus that PT improves sport-specific skills such as agility, direction changes,
body acceleration and deceleration movements, vertical jump performance and muscle power (Booth et al.,
2016; Chimera et al., 2004; Sivakumar, 2017).

Several studies analysed PT performed on different non-traditional surfaces like sand. Compared to PT on
stable, traditional surfaces, sand running has a higher energy cost and a lower impact training stimulus
(Gaudino et al., 2013; Impellizzeri et al., 2008; Pinnington and Dawson, 2001). In particular, running on sand
requires 1.2 to 1.6 times more energy expenditure than running on a stable surface (Gaudino et al., 2013;
Pinnington and Dawson, 2001) and produces a significantly higher level of muscle activation (Pinnington, et
al., 2005) and 2 to 3 times higher lactate accumulation (Pinnington and Dawson 2001). In addition, the high
shock-absorbing qualities of sand reduce the impact forces of exercise, limiting the degree of exercise-
induced muscle-tendon damage, muscle soreness and any subsequent decrease in performance
(Impellizzeri et al., 2008; Miyama and Nosaka, 2004).
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These proper characteristics of sand training have recently been applied to team sports. Studies have been
conducted and compared the benefits, which different types of conditioning on stable and unstable surfaces
can bring to sport performance (Binnie et al., 2013a, 2013b). Interval running on sand resulted in significantly
greater heart rate (HR) and blood lactate (BLa) responses (Kumar 2016); however, similar levels of muscle
damage, inflammation and soreness were recorded between the two surfaces, with no differences in
performance on the following day (24 hours later) (Binnie et al., 2013a). Similar results were observed for a
sport-specific conditioning session comprising high-intensity sprints, repeated sprints and agility exercises,
as well as short-field games (Binnie et al., 2013b), suggesting that sandy surfaces can produce a higher
intensity workout without adversely affecting post-exercise recovery over the following 24 hours. These
results show that maximum intensity sprints with higher energy expenditure and metabolic power values can
be performed on sand, without reaching maximum speed and with lower impact shocks. When soccer players
were subjected to exercises involving changes of direction on this surface, it was noted that they reached
values of deceleration values. In addition, sprinting on sand potentially involves limited stretching of the
muscles involved. It can therefore offer a valid alternative to traditional training programs (Gaudino et al.,
2013). Indeed, plyometric exercise on sand, because of the lower impact induced on the muscular-skeletal
system, is a valid training for injury prevention, compared to other surfaces, reducing stress during intense
training periods and it is also a valid support during rehabilitation and return to activity (Impellizzeri, et al.,
2008). (Ramirez-Campillo et al., 2013) compared the strength results obtained from a 7-week, twice-weekly
plyometric workout performed on a stable surface such as a wooden gym floor and a 3cm thick athletic mat.
However, their results were inconsistent with respect to the effects of the training surface. Indeed, several
studies found little benefit from using unstable surfaces. Arazi et al. (2014) observed that sand training
improved agility and strength compared to plyometric training on a stable surface and (Impellizzeri et al.,
2008) noted not only benefits in sprinting and jumping abilities, but also less onset of muscle pain. It could
be then argued that PT on sand could be incorporated and used as a viable alternative both during the
preparation period and during the course of the season (Vaczi et al., 2013). A recent study by Ramirez-
Campillo and colleagues (2020) reported greater PT effects on jumping due to multiple and varied training
surfaces compared to a single type of training surface in young soccer players.

Anyway, it is not fully understood if PT performed on sand induce greater effects on different physical fithess
components involved in soccer performance.

Therefore, aim of the present study was to compare the effects of a 7-weeks PT performed on grass versus
sand on sprinting, jumping, agility and balance in soccer players.

METHODS

Participants and procedures

Sixteen male players (mean age, 24.4 £ 5 years) were recruited from a local club for the present study.
Subject were randomly assigned to a grass PT group (PG, n = 8) or sand PT group (PS, n = 8). All subjects
were healthy and signed written informed consent to participate in the study.

All participants underwent two familiarization tests in the 2 weeks prior to the data collection. Baseline tests
were carried out in the first 2 weeks of the preparatory period and were repeated after 7 weeks of training.
The test protocol included a 5-, 10- and 20-meters sprint test, agility tests for change of direction (lllynois
test), vertical and long jumping (Seargent test, standing long jump) and balance ability (Stork test). The
measurements were carried out by an expert operator on the same day and under the same experimental
conditions. All participants were engaged in two weekly training sessions supervised by the athletic trainer
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and a research member from the beginning until the end of the of the preparatory period of the season. Each
training sessions lasted about 90 minutes and started with a 15-minute activation, followed by a 25-minute
specific PT workout (see Table 1), always supervised by the same trainer.

Testing procedures

The sprint test started with a standardized 20-minute warm-up. Participants performed the 5, 10 and 20 m
sprint tests from a standing position. Three tests separated by 6-8 min recovery were performed and the best
results were recorded.

For the Sargent test the participant stands next to a centimetre pole and marks with his fingers the highest
point he can reach, while standing sideways, with the same upper limb extended upwards, from a standing
position. He then jumps upwards, performing a countermovement combined with the momentum of his upper
limbs, to touch the highest possible point on the measuring stick. At the end of the jump, the height reached
is measured.

Standing long jump: the participant jumps with both feet at the same height from the starting line with both
legs together, performing a countermovement jump combined with the momentum of the upper limbs. At the
end of the jump, the distance from the starting line to the heel of the subject is measured.

lllynois test (Figure 1) must be performed at maximum speed and in the shortest possible time. The
participant starts at the bottom left cone, runs in a straight line, circles the top left cone, descends to the
bottom cone in the middle row and slaloms around the outward and return cones, heads straight for the top
right cone, circles it and finishes at the bottom right.

The Stork Static Balance Test was performed with participants standing on the dominant leg and resting the
opposite foot against the inside of the knee. On the tiptoe, the participant had to maintain the balance position
for as long as possible.
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Figure 1. Representation of the lllynois Agility Test.

Plyometric training

Both plyometric groups underwent the same training program twice a week for 7 consecutive weeks. PG
performed plyometric training on a grass field and PS on dry sand; on these days they replaced 25 minutes
of their standard technical-tactical skills training with plyometric work.
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The plyometric training program for PG and PS group consisted of three main workshops where the volume
load was progressively increased across the experimental intervention:

»  Workshop 1 =6 lateral 0.3 m hurdle jumps (3 to left and 3 to right), then sprinting 10 m.

»  Workshop 2 = 6 horizontal jumps (3 to left and 3 to right), then sprinting 10 m.

»  Workshop 3 =6 x 0.4 m hurdle jumps, then sprinting 10 m.

PT work out details are described in Table 1.

Table 1: PT details across the intervention.

Week Workshop 1 Workshop 2 Workshop 3 Total contacts
1 6x3 6x3 6x3 54
2 6x4 6x4 6 x4 72
3 6x4 6x4 6 x4 72
4 6x5 6x5 6x5 90
5 6x5 6x5 6x5 90
6-7 6x6 6x6 6x6 108
Statistical analysis

All the data obtained from the pre-intervention tests were first compared and then the values obtained by the
same group in their pre- and post-intervention. Considering a 95% confidence level or a = .05, using the
Shapiro-Wilk test it was seen that the distribution for the variables 5- 10- and 20 meters sprint, long and
vertical jump, agility and balance was not normal. Given the non-normal distribution the non-parametric
Kruskall-Wallis test was used to check for statistical differences between groups for each dependent variable.
When a statistical significance between groups for any dependent variable was detected, a two-tailed Mann-
Whitney test was applied to verify which groups showed the differences. Statistical significance was set at p
<.05. Data analysis was performed with SAS statistical package.

RESULTS

After 8 weeks of training, comparing the averages obtained by the different groups in the pre- and post-
intervention of all the tests, the group that performed plyometric training on sand (PS) showed greater
improvements in the 5, 10 and 20 m sprint times (z value = 2.2014, = 2.2014, = 1.8869 respectively; p <.05),
in the Stork balance test (z value = 2.2014, p < .05) and in the long jump (z value = 2.0226, p < .05), compared
to the group that performed plyometric training on the field (PG). The values obtained in the lllynois agility
test and in the Sargent test values did not show statistical difference although slightly lower mean values
were recorded for PS than for PG (p > .05).

DISCUSSION AND CONCLUSIONS

Soccer is a situational and intermittent sport with several components underpinning the performance (Raiola
and Altavilla, 2020). Aim of the present study was to compare the effects of 7 weeks of PT performed on
different surfaces on sprinting, jumping, agility and balance.

The main results of the study show that soccer players who underwent PT on sand showed greater
improvements in 5, 10 and 20 m sprint times and static balance than what observed on a grass field for PG.
However, other studies with different samples and PT intensity did not always observe the same benefits.
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The role of an unstable surface such as sand on the response to PT is still debated. Arazi et al. (2014)
proposed that a consequent decrease in ground reaction time, with an increase in lateral movement and
balance could increase biomechanical learning, neuromuscular adaptations (Markovic & Mikulic, 2010) and
strengthen the muscles involved in stabilization, thus enhancing the training response view on solid ground.
Indeed, when jumping on the sandy surface, the foot drops into the sand, causing the athlete to activate
additional force to perform subsequent jumps, and this training over time appears to improve strength.

Several researchers have pointed out the potentially favourable influence of training on an unstable surface
on balance and agility (Arazi et al. 2014; Granacher et al., 2015), thus offering specific training for those
competitions where one has to play on uneven and soggy fields. However, depending on the age, maturity
and training status of athletes, the likelihood of the sandy surface correcting some overtraining may also be
due to the increase in muscle strength compared to tapering a standard plyometric regime (de Lacey J. et
al., 2014). In support of this idea, Impellizzeri et al. (2008) noted that when their plyometric training programs
were conducted on sand, muscle soreness was reduced and Miyama and Nisoka (2004) found similar results.

It could be explained that the increases in sprint performance in both plyometric groups in our study reflect
increases in muscle strength and power (Granacher et al., 2015; Ramirez-Campillo et al., 2013).

Similarly, Negra et al. observed rather similar improvements in sprinting after football players performed 8
weeks of plyometric training on an unstable or stable surface (Negra et al., 2017).

The difference observed for PS and PG can be explained by the fact that athletes were in a period of physical
preparation (pre-season) and had not yet reached their fitness peak.

The present study found no improvement in the ability to change direction quickly, an important asset for a
soccer player, between training on sand compared to a firm surface.

Similarly, Granacher et al. (2015) observed similar improvements in change-of-direction ability in adolescent
male football after 8 weeks of PT on stable or unstable surfaces. Any increase in the change-of-direction
performance of PS compared to PG could be explained by the fact that athletes have to develop greater
strength to overcome obstacles during exercise on a sandy surface. When jumping over sand, the foot sinks
into the sand and the athlete has to exert additional force to perform a subsequent jump (Arazi et al., 2014;
Granacher et al., 2015).

Over time, the body adapts to this increased demand, improving its strength through increased nerve
conduction velocity, maximization of electromyography, improved intermuscular coordination, improved
motor unit recruitment strategy and increased excitability of the Hoffman reflex (H reflex), as well as by
changes in muscle size and architecture and single fibore mechanics (Markovic and Mikulic, 2010; Prieske,
0. etal., 2013; Ramirez-Campillo et al., 2013).

During a plyometric movement, muscles rapidly switch from an eccentric to a concentric contraction phase
(Markovic, G., & Mikulic, P. 2010). A shortened duration of the dampening phase takes advantage of stored
elastic energy and the stretch reflex, allowing a greater than normal release of power during the concentric
phase of the movement; perhaps, this phenomenon is enhanced more by PS than by P (Granacher et al.,
2015; Impellizzeri, et al., 2008).
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In terms of jumping ability, results showed benefits in jumping performance only for the PS group in both
vertical and long jump. Similarly, Negra (2017) saw similar improvements in standing long jump in adolescent
football players on stable and unstable surfaces and Granacher (2015) actually found greater gains in jump
height against movement in young male football players after 8 weeks of plyometric training on stable rather
than unstable surfaces. Arazi et al. (2014) also found that long jump training on sand improved jump
performance more than long jump training on a stable surface such as the ground. A number of previous
studies have emphasized the benefits of balance training programmes and the unstable nature of the sand
surface may be useful in developing this skill (Granacher et al., 2015; Negra et al., 2017).

PS improved Stork Balance test times compared to PG in this study; this difference may reflect the fact that
PS training strengthened tendons and ligaments, thus improving balance test performance.

Negra et al. (2017) also observed improvements in the Stork Balance test in adolescent soccer players after
8 weeks of plyometrics on unstable surfaces, although another work (Granacher et al., 2015) found no
significant difference in response in adolescent athletes between stable and unstable PT.

Moreover, as suggested by previous and more recent research, coordinative ability training could favour
cognitive functions (Latino et al. 2021). For future research, it would be of interest to combine this well-known
training effect with PT on different surface, in order to verify if reactivity, sprinting and jumping skills could be
enhanced also through the cognitive and neuro-muscular domain.

In conclusion, PT performed on sand showed improved effects on determinant components of soccer sport-
specific performance, suggesting that this surface can represent a valid methodology to optimize the
effectiveness of training. Further research is needed to better explore if these effects are long lasting
compared to traditional surfaces and if are more suitable to the game specific needs.
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