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Abstract
Purpose The purpose of this study was to examine the acute effects of 40-Hz upper-body vibration at two different amplitudes, added to the warm-up process, on throwing velocity in elite adolescent handball players.
Methods Seventeen elite male adolescent handball players (16.4 ± 0.7 years, mean ± SD) were exposed to two upper-body
vibration protocols at 40 Hz (3 × 15 s), one with a 2-mm amplitude and one with a 4-mm amplitude, in a random crossover
design. The athletes applied the standard pre-game warm-up, followed by three ball throws from a seated position. A radar
gun was used to evaluate throwing velocity and the best shot was chosen. Then the vibration protocol was applied and,
immediately afterwards, throwing velocity was retested. The two protocols were set 48 h apart.
Results Results revealed statistically significant improvement (p < 0.001) of throwing velocity after both vibration protocols.
Conclusion In conclusion, upper-body vibration at a frequency of 40 Hz and amplitude of either 2 mm or 4 mm may be
considered as an addition to the regular warm-up in elite adolescent handball players, resulting in improved ball throwing
velocity.
Keywords Team sports · Upper limb vibration · Warm-up · Handball shot · Power

Introduction
Warm-up routines are considered essential and are applied
prior to every athletic activity for athletes to be optimally
prepared to achieve best performance in subsequent athletic
activity [31]. This is achieved via a variety of responses
such as elevation of core and muscle temperature, increased
blood flow to the muscles and faster nerve conduction [1, 2].
Furthermore, well-structured warm-up protocols are widely
thought to enhance subsequent athletic performance [14].
Superimposed vibration during exercise is considered
as a method that can be implemented in warm-up protocols. Different types of vibration have been used, such as
whole-body vibration and vibration of a tendon or a body
Galazoulas Christos and Bassa Eleni contributed equally to this
work.
* Christos Galazoulas
galaz@phed.auth.gr
1

Laboratory of Evaluation of Human Biological Performance,
School of Physical Education and Sport Science, Aristotle
University of Thessaloniki, Thessaloniki, Greece

part [17, 25], eliciting increases in strength and power either
acutely or after a short [7] or long-term application [11, 23].
A series of mechanisms have been reported to underpin the
responses to vibration, the most cited among them being a
muscular effect, the so-called tonic vibration reflex, which
causes compensatory muscle contractions via excitation
of primary endings of muscle spindles and activation of α
motor neurons [3].
The acute effect of vibration has received much attention in the last decades. Studies have found that vibration
may enhance sprint start velocity [27], repetitive horizontal
jump distance and velocity [5], and countermovement jump
performance in both elite and recreational athletes [8, 9].
Given the potential of vibration exercise as an alternative warm-up modality to augment explosive performance,
the majority of studies have focused on lower limb performance. Research on the acute effect of vibration on upper
limb performance is sparse. Whole-body vibration stimuli
have resulted in less increased electromyographic activity of
upper compared to lower body muscles [15]. Additionally,
a significant positive acute effect on the power of shoulder
joint muscles and biceps brachii peak power was revealed
after local vibration [4, 16]. Thus, it seems that vibration
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targeted to an upper-body muscle or muscle group may
be more beneficial to power/strength of upper limbs than
whole-body vibration.
Conditioning exercises previously used, as an addition to
the warm-up, were mainly resistance exercises. Therefore, it
is interesting to examine whether a local vibration exercise
on upper limbs during warm-up can affect upper-limb power
performance such as throwing velocity of handball players.
Throwing is a fundamental handball skill, as it leads to scoring a goal. Furthermore, it is a multi-joint movement and
examining it would provide essential information about the
acute effect of vibration on complex movements of the upper
limbs. As warm-up protocols are more effective when they
are sport specific, the primary aim of this study was to examine whether a throwing specific vibration exercise, implemented in a typical warm-up, can augment throwing velocity
in adolescent handball players. Furthermore, as the choice
of appropriate vibration parameters is crucial for maximizing performance [19], the second purpose of this study was
to compare the effectiveness of two vibration amplitudes.

Methods
Experimental approach to the problem
This investigation used a cross-sectional study design. We
asked each subject to complete two testing sessions. During the first testing session, we measured anthropometric
variables. After warm-up, participants performed three shots
from seated position. Then they completed the vibration
protocol of either 2 or 4 mm amplitude and after that their
throwing velocity was retested. During the second testing
session, after warm-up, participants performed three shots
from seated position. Then the remaining vibration protocol (of 2 mm if the amplitude applied at the first session
was 4 mm and vice versa) was applied and after that their
throwing velocity was retested. The order of the two testing
sessions was randomized.

Participants
Seventeen male adolescent handball players without previous experience in vibration training volunteered to participate in the study. All athletes were healthy and had no
musculoskeletal or other health problem. The participants
were informed of the benefits and risks of the investigation
prior to signing an institutionally approved informed consent
document to participate in the study. Additionally, parental
or guardian signed consent was obtained. All procedures
were approved by the responsible Institutional Review Board
(IRB) and were in accordance with the ethical standards on
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human experimentation and with the Helsinki Declaration
of 1975.
The study was conducted in the athletes’ usual handball
court. Prior to the warm-up protocol, anthropometric and
cardiac parameters were measured (Table 1).

Procedures
The P-Vibe Professional 170005 Self Icon, USA vibration
platform was used with a stimulus transfer frequency of
30–60 Hz and a displacement range of 2–4 mm. A handball
size 3 (perimeter 58–60 cm, weight 425–475 g) was used for
the throws. For throws to be performed from seated position,
two chairs without arms were used. A radar gun (Sports
Radar 3.0, Sports Electronics, Hinsdale, IL) was used to
measure ball throwing velocity. The accuracy of the device,
as defined by the manufacturer, was ± 0.1 km/h within a field
of 10°. The radar gun was placed on a tripod behind the
goalpost. The subjects were sitting 6 m away from the goalpost. This setup was chosen as the reliability of the device
is higher when the measured object is moving towards the
radar gun.
The two testing sessions took place 48 h apart, in random order and at the same time of the day, which was
matched to the athletes’ usual training time. The athletes
started warming up in couples with a difference of 5 min
from each other to avoid any interval between warm-up
and test. Warm-up included free running, static stretching exercises for the entire body (stretching for 15 s in
each position), passes and shots. After performing this
warm-up for 25–30 min, throwing velocity was evaluated with the athlete seated in the chair and tied with
a strap at the height of the rapier bone. Then the participant performed the upper-limb vibrating exercise (3
sets × 15 s with an interval of 15 s between sets, frequency
of 40 Hz and range displacement 2 mm or 4 mm). The
participant’s position for performing the vibrating exercise was the same as that used to measure ball throwing velocity (Fig. 1). The athlete was seated in the chair,
tied with a strap at the height of the rapier bone, having
the preferred arm in throwing position with the shoulder
Table 1  Characteristics of participants (mean ± SD, n = 17)
Age (years)
Height (cm)
Body mass (kg)
Training experience (years)
Resting heart rate (bmp)
Resting systolic blood pressure (mmHg)
Resting diastolic blood pressure (mmHg)
Arm width (cm)
Palm width (cm)

16.4 ± 0.7
177 ± 7
70.5 ± 8.0
6.1 ± 1.6
64 ± 8
121 ± 9
73 ± 8
183 ± 6
20.1 ± 1.0
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Statistical analyses

Fig. 1  Throwing position

Statistics were performed with the SPSS/PC 24.0 (SPSS,
Chicago, IL) software. Mean and SD were calculated for all
variables. Repeated-measures two-way analysis of variance
was applied to examine the main effects of vibration amplitude (2 mm vs. 4 mm) and time (before vs. after the vibration
exercise), as well as their interaction on throwing velocity.
Alpha was set at 0.05. Eta squared (η2) was used to estimate
effect size. Test–retest reliability for all dependent variables
was assessed by the intraclass correlation coefficient (ICC,
including 95% CI), using a two-way mixed model ANOVA.

Results
A significant effect of time on throwing velocity was revealed
[F(1,16) = 35.9, p < 0.001, η2 = 0.69], as throwing velocity
significantly increased in the post-vibration measurement
compared to the pre-vibration measurement (Fig. 4). No significant effect of vibration amplitude was found [F(1,16) = 1.6,
p = 0.2]. Likewise, no significant interaction of the two factors was found [F(1,16) = 0.03, p = 0.9]. The intraclass correlation coefficient (ICC) was 0.93 (95% confidence interval
[CI] 0.82–0.90; p < .001).

Fig. 2  Position during vibration
exercise

Discussion

in 90° abduction [12], neutral rotation and gripping the
belt that carried the vibration (Fig. 2). At the end of the
vibrating exercise, the athlete performed three throws at a
specific target (the goalpost) from a distance of 6 m from
the same position. A 30-s interval was applied between
the throws. All three throws were recorded and the best
was selected (Fig. 3).
Three experienced coach examiners supervised the
protocol and were responsible for the correct execution
and exact duration of the warm-up, the parameter settings,
the application of the vibrating exercise and the proper
throwing technique.

5 min
General
warm-up

10 min Dynamic
Stretching

The results of this study revealed that an upper-body vibration
protocol, implemented in a warm-up procedure, can increase
ball throwing velocity in elite male adolescent handball players. Therefore, our first hypothesis for a positive effect of
vibration at a frequency of 40 Hz as a warm-up exercise on
throwing velocity was confirmed. On the contrary, our second hypothesis concerning the comparison of two vibration
amplitudes was not confirmed as both protocols had the same
positive effect on ball throwing velocity.
To the best of our knowledge, this is the first study to examine the effect of local vibration on throwing velocity in adolescent handball players. Therefore, it is difficult to directly
compare the results of this study to those of other studies
because of methodological differences. However, our results
are in accordance with previous studies that have found a positive effect of vibration on various task performances. Body
vibration as a conditioning protocol resulted in acute improvements in lower limb task performance, such as countermovement jump, speed, agility and flexibility [8, 9, 24] while other

12 min Specific
warm-up

3 Shots

Vibration
2mm or
4mm

3 Shots

Fig. 3  Summary of the study design
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Fig. 4  Throwing velocity at the pre- and post-vibration measurements. *Significant difference between pre- and post-values at
p ≤ 0.001

studies have reported no beneficial acute effects of vibration
[10, 29]. Concerning the effectiveness of whole-body vibration on upper limbs, Morel et al. [21] reached the conclusion that it can result in performance improvements, while
Cochrane and Stannard [8] claimed, that when muscles are
not directly or locally exposed to vibration, they present lower
performance enhancement than muscles which are directly
or locally vibrated. The current results correlate fairly well
with Cochrane and Stannard [8] and further support the idea
of the effectiveness of local vibration on upper-limb power
performance.
Discrepancies in the literature may be also due to differences in vibration parameters such amplitude and frequency. Vibration intensity is determined by the frequency
and amplitude applied and it has been suggested to affect the
neuromuscular responses [19]. The frequency of 40 Hz used
in the present study is within the range of frequencies that
have resulted in the highest effect size (ES) regarding performance, as mentioned in the meta-analysis of Marin and Rhea
[19]. Furthermore, small amplitudes (2–6 mm) resulted in
smaller effects than larger amplitudes (8–10 mm) [19]. This
can probably explain why the two protocols applied in this
study did not differ in effectiveness. Both amplitudes used
(2 mm and 4 mm) were in the range of amplitudes that are
considered to have similar effect on performance and, therefore, they could not further enhance the already positive
effect of 40-Hz frequency applied. However, the frequency
of 40 Hz and the amplitudes of 2 and 4 mm are, as recently
reported [18], both safe and effective. As the selection of
the best combination of frequency and amplitude is crucial
for performance enhancement, further research is needed
to clarify which may be the optimal vibration parameters
to acutely increase throwing velocity in handball players.
The results of this study corroborate earlier findings
indicating that a vibration exercise implemented in a warmup process can enhance performance and neuromuscular
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response in upper-limb muscles [20]. Although it was
beyond the aim of this study to examine possible changes in
electromyographic activity after the application of the vibration exercise, it seems possible for this to be a mechanism
explaining the improved performance in throwing velocity
after vibration. Additionally, antagonistic muscle relaxation
[26] occurring during vibration could have probably resulted
in improved motor coordination [13] and, as a consequence,
in increased throwing velocity. Regardless of the underlying mechanism, it is clear that local vibration induces an
acute increase in muscle power of upper limbs in adolescent
handball players.
Performance enhancement following a conditioning activity is a phenomenon referred to as post-activation potentiation (PAP) [32]. PAP was previously revealed in upper-body
power following a preloading stimulus consisting of either
3 × 3 ballistic bench throws at 30% 1RM or 3 × 3 bench
press at 87% 1RM [30]. On the contrary, adding upper-body
vibration to the warm-up routine resulted in the same performance improvement as with either upper-body vibration
or regular warm-up in master swimmers [22], whilst using
five upper-limb vibration exercises caused no PAP on throwing velocity in climbers [6]. However, it is possible that the
vibration exercises used in both aforementioned studies
(which failed to cause PAP) lacked the specific muscular
performance positions required to induce PAP. Thus, the
desired effects of vibration were not transferred to the multijoint movements of swimming and medicine ball throwing.
It is generally accepted that the transfer of a training effect to
performance is greater when a training exercise is specific to
the competitive movement [28]. Thus, it can be assumed that
the effectiveness of upper-body vibration in this study can
be also attributed to the position attained during vibration,
which was throwing specific. One point of consideration is
the fact that a sham trial (simply holding the arm in the
same position and for the same time as when vibration was
applied) after the warm-up was not performed in order the
contribution of specificity of movement in the enhancement
of throwing velocity to be controlled.
In conclusion, upper-body vibration applied at a throwing
position, at a frequency of 40 Hz using either 2 mm or 4 mm
amplitude, may be considered as an addition to the regular
warm-up in elite adolescent handball players resulting in
improved ball throwing velocity.

Practical applications
Improving shooting velocity is one of the fundamental goals
of both handball players and coaches. According to the
results of this study, a vibration protocol of 40-Hz frequency
and amplitude of either 2 or 4 mm applied at a seated throwing position may be implemented to the warm-up process in
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handball players resulting in acute enhanced ball throwing
velocity. Furthermore, this finding may also have implications for throwing velocity training and practitioners/coaches
may apply this protocol as an alternative addition to warmup in athletes of other team sports when their goal is the
acute potentiation of throwing performance. As vibration
devices are of small volume and at an economical price,
they can be easily obtained and used by sport clubs or/and
practitioners/coaches.
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