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The acute effect of whole body vibration on repeated shuttle-running in young soccer players

The aim of this study was to investigate the acute effects of whole-body vibration (WBV) on
Repeated Sprint Ability (RSA). Seventeen male soccer players (16.71+0.47 y) performed three
RSA tests (Randomized crossover study design). The second RSA test was done with WBV (RSA2)
to assess the effect of WBV. The studied variables were: best time (BT), worst time (WT), total
time (TT), the fatigue index (FI) of RSA, and post-test blood lactate (BLa). ANOVA with repeated
measures showed no differences between RSAL and RSA3, while there were significant differences
in all variables studied. TT= [RSA2 0.93% and 1.68% lower than RSA1 and RSA3 respectively;
p<0.05], BLa= [RSA2 16.97% and 14.73% greater than RSAL1 and RSA3 respectively; p<0.001],
WT= [RSA2 1.90% and 2.93% lower than RSA1 and RSA3 respectively; p<0.01], and FI= [RSA2
30.64% and 40.15% lower than RSA1 and RSAS3 respectively; p<0.0001]. When comparing
individual sprints, WBV showed a significant effect at the 5% sprint: RSA2 2.29% and 2.95% lower
than RSA1 and RSA3 respectively (p<0.005), while at the 6% sprint: RSA2 2.75% and 4.09% lower
than RSA1 and RSA3 respectively; p<0.005. In conclusion, when applying WBV during the

recovery periods of Repeated Sprint Ability efforts, most of the performance variables improved.
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Introduction

Match analysis studies have demonstrated that soccer requires well trained players to
repeatedly produce maximal actions of short duration (<7s) with relatively brief recovery periods
in-between with many changes of direction and changes of activity during the game [38]. In this
context, shuttle running for testing or training, is considered as a specific performance model for
soccer [37]. Consequently, shuttle running as intermittent training and testing protocols have been
proposed to assess and improve soccer players’ fitness and to identify talent [32]. In order to meet
the requirements of a performance model, Bishop et al. [3] codified training according to the ability
of performing sprints or repeated sprint ability (RSA) that is considered to be typical effort pattern
for soccer performance [31].

The RSA can be defined as the ability to keep the sprint performance relatively unchanged
over time [30]. Moreover, the ability to repeat multiple sprints at high intensity was validated as a
reliable index of physical performance in soccer [38]. Besides, RSA would reproduce the typical
intermittent characteristic of soccer games related to the amount of high-intensity activities
completed during the match [38]. Therefore, Bishop et al. and Chaouachi et al. have investigated
new methods to improve the speed during RSA with small effects on the performance [2, 10]. Other
authors investigated the acute effect of whole body vibration (WBV) on linear sprinting (30m)
using different frequencies of stimulation (30 to 45 Hz) [5, 6].

In the literature, experiments have shown acute effects of WBV on explosive and reactive
exercises [8, 11, 18, 22] that have been primarily attributed to neural factors, such as increased
motor unit synchronization, stretch reflex potentiation, increased synergist muscle activity, and
increased inhibition of the antagonist muscle [8, 11, 22].

The shuttle run during RSA field testing (e.g., 6 shuttle-sprints of 40m: 20+20m), stimulates
actions that require different mechanical inputs (acceleration, deceleration and changes of direction)
with high muscular work and specific energy needs [26] which could affect the kinematic of gait

during running [27]. Considering that the acceleration-deceleration phases and the changes of



direction are related to the explosive-reactive strength and power [36, 39], that in turn are improved
by applying WBV [11, 18, 22], it has been hypothesized that WBYV improves the overall RSA
performance.

Therefore, the aim of this study was to assess, during the on-field RSA testing, the effects of
WBYV on the performance variables (best time, worst time, total time, fatigue index) and post-

testing blood lactate accumulation.
Material and Methods

Participants

Seventeen male soccer players recruited from a Junior Soccer Team “Cagliari Calcio
S.P.A.” (age: 16.71+£0.47 years; body mass: 68.59+6.76 kg; height: 1.79+0.05 m; BMI: 23.8+1.33
kg-m™) volunteered to participated in this study. The inclusion criteria were high level soccer
practice, ~5 years training (5.75 + 1.23 years) and ~8 hours of training per week. The participants
were used to train with shuttle running and they have been participating at the national
championships at that time of the investigation. The participants were homogeneous with regard to
their training status, as none of the participants underwent any endurance strenuous activity and
resistance training outside of their normal endurance training schedule. Written consent was
obtained from the participants’ parents/guardians after being thoroughly informed of the study
design. All experimental procedures were approved by the University Human Research Ethics
Committee, which followed the ethical standards of the International Journal of Sports Medicine

[19].

Experimental setting

Outdoor field tests were completed on a certified synthetic turf pitch with players wearing
appropriate soccer shoes. The average weather conditions during the three days of experiment were as
follows: average wind speed (~1.4 m-s™), with testing session starting at 4:00 p.m. (~22.5°C), and

lasting till ~5:00 p.m. (~23.5°C). A single-group, repeated-measures study design was used in



which WBYV was the independent variable, whereas sprint’ times and blood lactate concentration
were the dependent variables. The experiment was performed on three days with 3 days in-between
each testing session. On the first and third testing days the participants performed standard RSA test
[21]. However, in the second test they performed the RSA with WBV during the recovery phases.

No additional strength, power, and plyometric training was performed during the testing period.

Repeated-sprint ability shuttle test

During each session, the participants completed similar 10-min warm-up at low-intensity
running (~8 km-h™) and striding, followed by three, sub-maximal 40-m shuttle sprints (40m=
20+20m with a change of direction (COD) of 180° and 1 min of recovery in-between) and 5-min of
recovery before starting the RSA test. Players were already familiar with this test as it was part of
their routine assessment. Therefore, no familiarization with the trials was necessary.

The RSA [21] test on the first day and third day (RSA1 and RSA3, respectively) consisted
of six maximal 40m shuttle-sprints (20+20m) separated by 20-s of recovery and with the same
exercise (~1:3) to rest ratio [34]. The participants started from a line, sprinted for 20m, touched the
second line with a foot and then came back to the starting line as fast as possible. After 20 seconds
of passive recovery, the participants repeated the exercise. The time for each single shuttle sprint
was recorded using a photocell gate (Brower Timing System, Salt Lake City, UT, USA; accuracy of
0.01 seconds). Few seconds (~2.5s) before the start of each sprint (RSAL/3), the participants
assumed the ready position and waited for the next starting signal. This test was designed to
measure both repeated sprint and change of direction abilities. Each player was instructed and
verbally encouraged to produce a maximal effort during all sprints. If the performance in the first
sprint of the RSA test was worse than the criterion score (i.e., an increase in time greater than
2.5%), the test was immediately stopped and the participants were required to repeat the RSA test

with maximum effort after a 5-min rest.



For the RSA2, WBV was applied during the recovery periods. Because applying WBV
during each recovery period seemed to be an intense stimulus [14], it was decided to apply WBV
alternatively to a passive recovery. This procedure, also allowed us to verify if the performance of
single sprint was influenced by the preceding WBV or passive recovery. Thus, the subjects were
divided into two groups that underwent in randomized order (Latin Square design) RSA-2 with
alternation of WBV/passive rest (RSA2/V) and at the same time passive resttWBV (RSA2/R)
recovery periods. For comparison with RSA-1 and 3, the RSA-2 performances were separately

collected for each sprint (sprints 1 to 6 for WBV and also for passive recovery).

Whole-body vibration treatment

The vibrating platform used for the study was the Power Plate pro5™ (Power Plate
International LTD, The Netherlands), positioned at 50 cm from the RSA-starting/finishing line so as
to reduce the time required for the soccer players to take place on the platform. The vibration
frequency was set at 45 Hz, with a peak-to-peak displacement of about 2.2 mm [24] and an
acceleration of about 7.7-g (1 g= 9.81 m-s?). The vibrating platform used shows a high reliability
for the accelerations delivered between unloaded and loaded condition [28]. As mentioned above,
the protocol was designed in order to balance the recovery period between each sprint (with or
without WBV). During WBV, each subject spent a total of ~5s between the start/finish positions on
the vibration plate (WBV/Sprint). WBV treatment during the active recovery lasted ~15s, i.e. 20s of
recovery minus the time necessary for decelerating and coming back to the platform (~2.5s) and
then to go off the platform and prepare for the next sprint (~2.5s). During WBYV the participants
stood on the plate with the knees flexed at ~90° and the heels raised ~10 cm [17]. In addition, the
participants leaned slightly forward, with their hands on the vibration plate’s handle to partly
support their upper body. During the passive recovery the participants underwent the exact same

protocol and assumed the same position for the same duration but the vibrating plate was turned off.

Lactate sampling and measurement



Blood lactate (BLa) concentration (mmol-L™) was determined at the third minute after the
end of the tests (RSA1l, RSA2, RSA3) as reported in the literature [20]. A micro sample of
arterialized blood from the ear lobe was taken and immediately analysed with a validated lactate

analyzer (Arkray Lactate Pro LT-1710 - Kyoto, Japan).

Statistical analysis

The analysis was performed using the statistical software XLSTAT 12.3.01 (Addinsoft,
SARL, New York). All data were expressed as mean values with standard deviation (meantSD).
The statistical analysis was conducted using a mixed models repeated measures ANOVA with a
compound symmetry working covariance matrix on the following dependent variables: best time
(BT), worst time (WT), total time (sum of time in all sprints) (TT), the fatigue index (FI), and blood
lactate concentration (BLa). The same model was used to analyse the effect of repeated sprints on
the time variable in the three test conditions (RSA1, RSA2 and RSA3), while the effect of each
sprint on the time among the tests (RSAl, RSA2, and RSA3) was analysed using a one-way
ANOVA.

The values were positively skewed, and we applied a Box-Cox transformation to obtain
normally distributed responses. The significance level was set at p<0.05. Significant “F” values
were followed by multiple comparisons to locate differences. A Bonferroni correction was used to
adjust the “p” value in relation to the number of contrasts that were performed. For testing the
repeatability of the measure, we performed an Intra-class Correlation Coefficient (ICC) between
RSAL and RSA3. Post hoc analysis was performed to calculate the effect size (ES) for all the

variables between RSAL, RSA2, and RSA3 and to estimate the sample size and power.

Results
The results are summarized in Table 1. Comparison of RSA1 and RSA 3 (without WBV
treatment) has shown highly reliable data, with an ICC of 0.851. Data analysis showed a significant

main effect of WBV on the TT (F(248=3.944, p=0.026). The lowest total time to perform the test



was found at RSA2 and the comparison showed statistically significant difference between RSA2
and RSA3 (p=0.002).

WBYV significantly affected the WT (F(.4¢=8.107, p<0.001). By multiple comparisons
significant differences were revealed between RSA2 vs. RSAL (p=0.002) and between RSA2 vs.
RSA3 (p<0.0001), but not between RSA3 vs. RSA1 (p=0.203). FI showed a similar main effect of
WBV (F(248=10.439, p<0.0001). The difference between RSA1l vs. RSA 3 was again not
significant (p=0.717). WBV also had a significant effect on the BLa measured at post-test
(F.48=7.729; p<0.001). The highest BLa value was found at post- RSA2 and comparisons showed
statistically significant differences between RSA2 vs. RSA1l (p<0.001) and between RSA2 vs.
RSA3 (p<0.001). Again, the BLa difference between RSA3 and RSAl was not significant
(p=0.981). Nevertheless, BT was not affected by WBV (F(2.4¢/=0.761, p=0.473).

A significant main effect (Fig. 1a) among the test conditions (RSA1, RSA2, and RSA3) was
revealed at the 5" (F(250=8.052, p<0.001) and 6" sprints (F(50=9.348, p<0.0001). Contrasts for the
fifth sprint showed significant differences between RSA2 vs. RSA1 (p<0.005) and between RSA2
vs. RSA3 (p<0.0001), while the difference between RSA1 and RSA3 was not significant (p=0.398).
For the 6™ sprint, significant differences had the same loci, that is; comparison RSA2 vs. RSA1
(p=0.007) and between RSA2 vs. RSA3 (p<0.0001). The difference between RSA1 and RSA3 was
not significant (p=0.154).

Comparisons between individual sprint results during RSA (1, 2, and 3) are reported in
Table 2, whereas during RSA 2 the differences between sprints performed after passive recovery (R)
and sprints occurring after WBV (V) were not significant (p>0.05) (Fig. 1b).

Post hoc analysis of the data revealed large effect size (ES) between RSA2 vs. RSAL and
between RSA2 vs. RSA3 for BLa (respectively 0.81 and 0.82, respectively), TT (0.50 and 0.87),
WT (0.80 and 0.90), and FI (0.90 and 0.90), with the exception of BT (0.41 and less than 0.20). The
Power estimated (for two-tailed alpha = 0.05) were: 0.90 for BLa; 0.50-0.90 for TT; 0.90 and more

for WT; and 1.00 for FI. Therefore, the sample size of the present study (n=17) was well-powered



to finding a real difference (from 50 to 100% of chance) in the following variables: BLa, TT, WT,
and FI.

Conversely, the present study was under-powered to detect relatively small but functionally
relevant changes in BT. However, the ES between RSA2 vs. RSA3 and between RSA2 vs. RSAl
was respectively of 0.20 and 0.41, respectively, which means just means a 30% chance of detecting
a significant difference with 100 (n= 100 for the difference between RSA2 vs. RSA3) and 40
subjects (n= 40 for the difference between RSA2 vs. RSAL). It is highly unlikely, therefore, that a

larger sample size would have led to a different outcome in BT.

Discussion

The aim of the present study was to investigate the effectiveness of WBYV as a potential new
training tool to be used between repeated sprints. In accordance with our hypothesis, the results
suggest that WBV could represent an appropriate and effective method to improve RSA and to
reduce fatigue.

In the literature, acute WBV has been shown to improve muscle power, strength, and
flexibility [8, 12]. It has been suggested that acute WBV may improve muscular performance via
neurogenic potentiation effects involving the spinal reflexes and muscle activation [8]. The repeated
eccentric—concentric actions induced by WBYV have been shown to increase the muscular work and
elevates the metabolic rate [33]. However, the impact of WBV applied during the recovery phases
in athletes during high intensity intermittent sprints has not yet been investigated.

Cafarelli et al. [7] suggested that tendon vibration, used as a mechanical massage to
accelerate the recovery process by increasing blood flow to the involved muscles, didn’t induce any
significant effect to remove waste products and stimulate the muscle receptors to increase muscular
tension. Using a similar approach in term of type of vibrations, Bakhtiary et al. [1] reported that 50
Hz local vibration applied to each lower limb significantly reduced the creatine kinase levels in the

24h post-exercise and increased the recovery after isometric force production. In the two latter



studies the vibration was applied locally and perpendicularly to muscle axis. In other words, in the
mentioned studies the vibrations acted locally as a mechanical massage and this condition is
completely different from the hyper-gravity determined by applying WBYV. In light of these
considerations, these two studies are not comparable to the present one in which the subjects were
exposed to an acceleration load of 7.7 g (45 Hz, 2.2 mm).

From a methodological point of view, only two investigations by Bullock et al. [5, 6] seem
partially comparable to the present study. In both studies [5, 6], the authors reported conflicting
results applying a vibration intervention (WBV) between short running sprints (until 30 m distance)
in elite skeleton athletes. However, examining the two investigations shows that in the first study
[5] significant effects on sprint time were obtained applying a lower vibration load than during the
second study [6]. Specifically, in the first study [5] experimenters applied three series of sixty
seconds (3x60s, with a 1:3 work relief ratio) and the acceleration load was about of 7.2 ¢
(frequency of 30 Hz, and amplitude of 2 mm). Whereas in the second study [6], in an attempt to
obtain a greater effect, the number of series and repetitions was the same (3%60s) but they increased
the work relief ratio (1:1) and the acceleration load reached the value of 16.3 g (frequency of 45 Hz
and amplitude of 2.2 mm). Therefore, considering that the same population undertook the treatment
(elite skeleton athletes [5]) it is quite reasonable to think that the vibration load (in the second study
[6]) was too high and subsequent fatigue compromised the benefits.

Although the present study results cannot be directly compared with those of Bullock et al.
[5, 6] for several differences (i.e. experimental design, vibration load, subjects, and outcome
measures). It is interesting to underline that the present results showed, similarly to the first study of
Bullock et al. [5], significant effects in the reduction of the increment of performance time during
the successive sprints. Specifically, in the study of Bullock et al. the effect size was small (0.31),
but it was obtained in a small numbers (n= 6) of high level skeleton athletes (including 2

Olympians, 1 of whom is a former World Champion, 1 is Under-23 World Champion, and 2 World



Cup athletes) of whom their capacity of acute and chronic responses could be attenuated and
depend on the specificity of the training stimulus [40].

In the present study, the specific RSA2 protocol (with WBV) also showed that the 5™ and 6™
sprints were significantly affected even when these were not directly preceded by WBV. This could
mean that the WBV effect has a relatively prolonged and/or a cumulative effect, altering not only
the immediate subsequent sprint time, but also the next one that occurs between ~27 and ~34s post
WBV.

Although we could not demonstrate any significant WBV effect on each single sprint
performance during RSA2, a potential point of concern in the present results was the relatively
small sample size for this type of analysis (n= 8/9 when R and V are compared) (Fig. 1b). Post-hoc
analysis of these data showed that we would have been able to detect WBV effects on each single
sprint time in the order of 0.82-1.93% with a larger sample size (n= 25-75). It may be argued that
the present study was under-powered to detect moderate, but functionally relevant, changes in the
several sprints time during RSA2. Therefore, in the present study, we cannot discriminate if the
WBY effect on each sprint time was acute and/or residual [23]. Anyway, this result is not surprising
from a logical point of view as this experiment was designed to investigate the WBYV effect on the
overall RSA performance.

1. The major finding of the present study, using WBV acutely, was the increased RSA
performance in several variables, that is: TT, WT, and FIl. Considering shuttle run in RSA (6
shuttle-sprints of 40m: 20+20m), the altered results in TT, WT and FI could be explained by the
fact that the kinematics characteristics (acceleration, deceleration, and changes of direction) were
positively affected by improvements on reactive strength and power following WBYV treatment [16,
18]. In this context, Sheppard and Young [35] proposed a deterministic model for the agility, in
which the change of direction ability, assumes a key role and is considered as the interplay of
several physical and neuromuscular components. According to the above mentioned model, the

change of direction speed is related to several parameters including: acceleration speed, reactive



strength, left-right muscle imbalance, concentric strength-power, eccentric strength and technique
[10]. Therefore, defining the RSA as a specific task to develop the change of direction performance
we cannot exclude a possible WBV effect on some of its neuromuscular components and/or on their
interactions [11]. In addition, the improved fatigue index of the RSA test, observed in the present
study, could be related to an increase in neuromuscular efficiency induced by WBV [4]. This
enhancement in FI could have been induced by an improved co-ordination of the synergistic
muscles and increased inhibition of the antagonists [9, 16].

2. The results of this study also showed that the effects of WBV on the time
performance variables (TT, WT, and FI) were associated to an increase in BLa. The changes of
direction during RSA require athletes to perform running actions in which they must rapidly
decelerate and stop, implying eccentric muscular efforts and increasing energy cost. Moreover,
subjects must then re-accelerate, and this action stimulates essentially the anaerobic metabolism and
the fast twitch muscle fibers [15]. In the literature, experiments on sprint training have showed
improvements in sprint time performance accompanied by an increase in the post-exercise
muscle/blood lactate [25]. In the latter studies, the authors argued that an additional number of
glycolitic muscle fibers (Type 1IB), which have relatively high net lactate production, were
recruited and one study of them showed also an increased motor unit activation (direct evidence)
[13]. Recently, Pollock et al. [29] have reported direct evidence that acute WBYV affects the motor
unit recruitment (MUr) reducing the thresholds of fast-twitch fibers. This preferential effect of
WBV on higher MUr may be responsible for the improvements in sprint time performance
accompanied by an increase in blood lactate observed in the present study. However, further
studies, including EMG measurements, are needed to explain exactly the physiological mechanisms
behind these improvements.

In conclusion, by alternatively using WBYV in the recovery phases during the RSA, we

demonstrated that most of the time performance variables were improved (except Best Time) and



accompanied by an increase in the post-exercise (RSA) blood lactate. Future investigations should

focus on the chronic effects of WBV on-field RSA performance.
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