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ABSTRACT

Da Silva-Grigoletto, ME, de Hoyo Lora, M, Corrales, BS, Paez, LC,
and Garcia-Manso, JM. Determining the optimal whole-body
vibration dose-response relationship for muscle performance.
J Strength Cond Res 25(X): 000—-000, 2011-The aim of this
investigation was twofold: first, to determine the optimal
duration of a single whole-body vibration (WBV) exposure
(phase 1) and second to find out the ideal number of sets per
intervention to maximize muscle performance (phase 2). All
participants were young (age: 19.4 = 1.6 years), healthy,
physically active men. In both studies, a 30-Hz frequency and a
4-mm peak-to-peak displacement were used. In phase 1,
subjects (n = 30) underwent 3 sets of different durations (30,
60, and 90 seconds), whereas in phase 2, subjects (n = 27)
undergo 3 interventions where the duration remained fixed at
60 seconds, and the number of sets performed (3, 6, or 9) was
modified. The recovery time between sets was set at 2 minutes.
In all interventions, each set consisted of 1 isometric repetition
in a squat position with knees flexed at 100°. Before and after
each session, jump height (countermovement jump [CMJ] and
SJ) and power output in half squat (90° knee flexion) were
assessed. In phase 1, an improvement in jump ability and power
output was observed after the 30- and 60-second intervention
(p < 0.01), whereas the 90-second participants just experi-
enced an increase in SJ and CMJ (p < 0.05). When comparing
the different protocols, the greatest response was achieved
using 60 seconds (p < 0.05), which was therefore considered
as the optimal duration to be used in phase 2. In the second
phase, improvements in jump ability and power output were
found with 3 and 6 sets (p < 0.05), whereas with 9 sets,
participants actually experienced a decrease in these variables.
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Intergroup comparison showed a greater effect for the program
of 6 sets (p < 0.05). In conclusion, a WBV intervention
consisting of six 60-second sets produces improved muscle
performance measured by SJ, CMJ, and power output.

KEey WORDS vibration training, jump ability, muscular power

INTRODUCTION
hole-body vibration (WBV) has appeared

increasingly in scientific journals and is being

incorporated into regular training programs

aiming to improve physical fitness (27). Several
studies have looked at the effects of WBV on muscle
performance. However, the results are not clear and are
sometimes contradictory (9,13-15,17,21,22,25,35,38,39). The
variability in the protocols used by different authors may
explain the inconsistency of the results presented in published
studies (13). These variations are related to the characteristics
of the vibration used (ie., frequency and amplitude), the
movements on the platform, the duration and number of sets,
recovery time after each stimulus, and the time between the
end of stimulus and subsequent measurements. Thus, research
has focused on finding the optimal combination of these
variables to reach maximal muscular response. For this
purpose, frequency, amplitude, and duration were the main
parameters analyzed (1,4,20,23,35,37).

To determine the optimal training frequency, several
studies used frequencies ranging from 15 to 90 Hz (24),
although Cardinale and Bosco (12) suggested that beneficial
effects could be obtained by using moderate frequencies
(between 15 and 44 Hz). In a previous study, our working
group assessed the effects of 3 different frequencies (20, 30,
and 40 Hz), with a fixed amplitude of 4 mm, on jumping
ability and power in the lower limbs; we concluded that
30 Hz yields the greatest increase in muscle performance (19).

With regard to the amplitude or peak-to-peak displace-
ment, authors such as Cardinale and Bosco (12) note that
most of the studies have shown positive results after the use
of mechanical vibrations using low amplitudes, which varied
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between 3 and 10 mm. However, other authors such as
Luo et al. (29) have concluded that there is no clearly defined,
optimum range of training, although it appears that very
small amplitudes may be insufficient to achieve an optimal
effect in improving muscle response. In this line, Adams et al.
(1) have analyzed different combinations of frequencies and
amplitudes, showing that with a frequency of 30-35 Hz, the
best results in countermovement jump (CM]) are obtained
with amplitudes of 2-4 mm, whereas, with frequencies in the
40- to 50-Hz range, the greatest improvements are achieved
with amplitudes of 4-6 mm.

The duration of the exposure is also another factor to be
considered when examining the effect of vibration training,
because it too can affect muscle function. It appears that when
the duration of exposure is excessive, muscle fatigue occurs
(7,32). Bongiovanni and Hagbarth (5) observed increased
muscular fatigue when the exposure is prolonged in time,
corroborating this phenomenon with a decrease in the
electromyographic (EMG) activity of the dorsiflexors. This
effect could be because of an activation of the inhibitory
feedback (e.g., Golgi tendon organs) or the reduced sen-
sitivity of muscle spindles, such as the depletion of neuro-
transmitters or presynaptic inhibition (12). Adams et al. (1)
found no difference in power output in a CMJ by varying the
set time in the range of 30-60 seconds, although in all cases
a single set was applied.

Focusing on this variable, Bazett-Jones et al. (2) suggested
that although an exposure of short duration might elicit
increased neural potentiation (postactivation potentiation
[PAP]), a long-term stimulus would cause fatigue, resulting in
a reduction of muscle strength. Similarly, if the stimulus is not
enough to produce PAP, significant neuromuscular activation
will not occur, so there will not be any improvement in
muscle performance (3,28). Thus, most of the studies that
have shown positive short-term effects of vibration exposure
have not exceeded 10 minutes of total exposure (between
3 and 10 minutes), divided into 30- to 90-second sets
(2,4,9,13,14,27,33,34,39).

Based on the aforementioned results, it seems that the best
combination of these parameters is still unknown, and
although the optimal frequency and peak-to-peak displace-
ment have been studied in detail, evidence regarding the
duration of the stimulus and the number of sets to be
performed is more scarce. Therefore, the aim of this study was
twofold: first, to determine the optimal duration of a single
WBYV exposure and second, to find out the ideal number of
sets per intervention to maximize muscle performance. So,
protocols were used in which the duration and number of sets
were modified. To this aim, the study was conducted in
2 phases: phase 1 consisted of 6 isometric actions held for
30, 60, or 90 seconds, to determine the optimal duration;
phase 2 comprised 3, 6, or 9 sets of the previously determined
duration to determine the optimal dose-response relationship
for muscle performance.

2 Journal of Strength and Conditioning Research

METHODS

Experimental Approach to the Problem

Subjects performed 2 different WBYV protocols with a week-
long washout period between them. The parameters
employed were the same for both protocols except for the
variable that was assessed (exposure time in phase 1 and
number of sets in phase 2). In each protocol, participants
maintained an isometric squat position where the number
of sets and their duration were modified.

In phase 1, the length of exposure was the variable studied to
determine optimal set duration; for such a purpose, the subjects
were randomly divided and allocated into 1 of 3 groups (30, 60,
and 90 seconds); for all trials, the number of exposures was set
at 6. All subjects performed all of the trials (30, 60, and
90 seconds), but the order in which they performed the trials
was randomized. For phase 2, the best exposure time obtained
in phase 1 was used, and the number of exposures varied (3, 6,
and 9 exposures). As in phase 1, subjects were randomly
allocated to one of the experimental conditions and performed
all 3 protocols in a randomized order. The rest period between
each experimental condition was a minimum of 72 hours to
avoid carryover effects from previous sessions (Figure 1).
To summarize, phase 1 consisted of 6 isometric actions held
for 30, 60, or 90 seconds, whereas phase 2 comprised sets of
3, 6, or 9 sets of a 60-second duration.

To avoid bruising, all subjects wore sport shoes for the
vibration exercises. To avoid variations in vibration trans-
mission, subjects were asked to wear the same footwear at all
training sessions. Vibration was applied 10 minutes after the
warm-up, and tests described earlier were performed by the
subjects; 5 minutes after finishing the vibration condition,
postvibration tests were also performed.

Subjects

Young, healthy male subjects volunteered to participate in the
study (30 in phase 1 and 27 in phase 2). The mean (SD)
characteristics of the subjects are shown in Table 1.
Participants’ medical histories were reviewed by a doctor
to assess their suitability for the study, and each subject
completed a questionnaire on his physical activity (18).
Subjects with osteoarticular conditions (including fracture or
injury) were excluded. The study was conducted according
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Figure 1. General layout and timing of studies.
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TaeLe 1. Descriptive data of participants.*t

Weight (kg) Height (cm) Age BMI
Phase 1 (n = 30) 71.88 = 10.82 176.59 * 5.41 19.50 = 1.53 23.02 + 3.08
Phase 2 (n = 27) 70.27 = 9.81 175.55 = 4.69 19.41 £ 1.55 22.77 + 2.83

*BMI = body mass index.
FValues are given as mean = SD.

to the Declaration of Helsinki, and the protocol was fully
approved by the clinical research ethics committee before the
assessments. After a detailed explanation about the aims,
benefits, and risks involved in this investigation, all par-
ticipants gave written informed consent. All subjects were
physically active and played in intramural sports leagues at
the university but had not participated in regular resistance or
jump-training programs during the last 12 months. All
subjects had a very similar training volume (minimum 3 per
week and maximum 4 per week), broken up into 1-hour
sessions. They were engaged in sports activities such as
indoor soccer, basketball, volleyball, and paddle tennis. None
of the selected subjects performed specific physical prepa-
ration exercises because, given the category they play in and
the small amount of time they train, training was focused on
game exercises. All research was done during a period
(between February and March) in which the participants
were competing in their respective intramural leagues. In
addition, tests were always performed at the same time of the
day to minimize any adverse effect on testing. All subjects

TaBLE 2. Mean and SD to SJ, CMJ, and power tests before and after WBV intervention with 3 different times of exposure.

had a typical Spanish breakfast (19); water intake was ad

libitum.

Procedures

Warm-Up. All tests were preceded by a 5-minute warm-up
(3 minutes 25 W + 2 minutes 50 W) on a cycloergometer
(Ergoline 900, Ergometrics, Bitz, Germany) followed by
5 minutes of joint mobility in the upper normal range of
motion (5-10 seconds) for femoral quadriceps, hamstrings,
and triceps surae.

Jump Tests. Lower-body explosive strength characteristics,
expressed as elevation of the body’s center of gravity (vertical
jump), were assessed using an infrared-ray platform (A.F.R
technology) built into the MuscleLab system (Model PFMA
3010e, Ergotest, Langesund, Norway).

Two different vertical jumps were used for data recording:
SJ and CM]J (10). The SJ is a test used to assess lower-body
power and the ability to recruit motor units. It is performed
from the half-squat position with a knee angle of 90°; after
a brief pause, the subject performing the test jumps upward

*

Mean (SD) IC to 95%
Time (s) Test Pretestf Posttest Sig. (p)t Effect size (d)§ Lower Upper
30 SJ (cm) 36.31 (3.91) 37.01 (3.66) 0.002 0.18 0.284 1.123
CMJ (cm) 40.04 (4.61) 40.88 (4.96) 0.002 0.17 0.336 1.344
Power (W) 1,337.95 (194.18) 1,375.14 (197.98) 0.030 0.19 3.92 70.46
60 SJ (cm) 36.00 (4.20) 37.54 (4.14) <0.001 0.37 1.132 1.955
CMJ (cm) 39.61 (4.99) 41.33 (5.04) <0.001 0.34 1.295 2.138
Power (W) 1,336.45 (178.60) 1,407.66 (207.25) <0.001 0.37 45.77 96.65
90 SJ (cm) 36.98 (4.01) 36.03 (4.21) 0.032 0.23 —-1.820 —0.087
CMJ (cm) 40.07 (4.07) 38.87 (5.15) <0.001 0.26 —2.615 —0.925
Power (W) 1,360.66 (183.56) 1,350.24 (195.90) 0.526 0.05 —43.63 22.79

*CMJ = countermovement jump; WBV = whole-body vibration.
+No significant differences between mean values.

iLevel intragroup significance.

§Effect size (Cohen's d).
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Figure 2. Differences between pre and posttest in SJ (A), counter-
movement jump (B), and power output (C) using 3 different times of
exposure to whole-body vibration. *Difference of means intragroup
significant to the 0.05 level. **Difference of means intragroup significant
to the 0.01 level. ***Difference in means intragroup significant to the
0.001 level. #Difference of means intergroup significant to the 0.05 level.

as high as possible. The CM] is a test used to assess explosive
strength with reuse of elastic energy and takes advantage of
the myotatic reflex (10). The test starts with a preparatory
movement of knee extension going down to a 90° knee
flexion and, without pausing, jumping upward as high as
possible. Both jumps were performed without the use of the
arms; subjects were asked to keep their hands on their hips.
Elevation of the center of gravity (height in meters) above
ground level was calculated for both tests as flight time (z)

4 Journal of Strength and Conditioning Research

in seconds, applying the laws of ballistics:
H = go57(m)

where H'is the height and g is the gravitational acceleration
(9.81 m-s™?).

The subjects performed 3 jumps of each type; the best result
was used for statistical analysis. Participants conducted 3 SJs
followed by 3 CM]Js, leaving a recovery time of 30 seconds
between each of the 3 S] and CM] actions. A recovery time of
1 minute was given between the end of the SJ actions and the
beginning of CM] actions.

Muscle Power. Although subjects had already performed the
jump tests, they performed a set of 8 repetitions at loads of
30-40% of the perceived maximum as a specific warm-up.
Lower-body maximal power was assessed using the
MuscleLab system. The subjects were placed in a half-squat
position, with shoulders touching the bar; the starting knee
angle for movement execution was set at 90°. When told to
do so, subjects extended their legs (extensors of hip, knee, and
ankle) from the flexed knee position to reaching full extension
at 180°. This movement was used for estimating maximum
power, subjects were asked to perform the movement as
quickly as possible (36). All tests were performed using
a Multipower machine (GervaSport, Madrid, Spain),
designed for doing squat exercises in which linear bearings
only allow the bar to be displaced vertically. Four different
loads added to body weight were used for estimating both
maximal and mean power: 25, 45, 65, and 85 kg. Three trials
were performed for each load, and the best result (maximum
average speed) was used for subsequent analysis. A recovery
time of 30 seconds was allowed in between the 3 actions
of the same load in power testing, and a recovery time of
180 seconds was provided between the end of the 3 actions of
the same load and the beginning of the following 3 actions at
a higher load in power testing. During the test, maximum
average speed (m-s™') and average power (watts) were
collected using the lineal encoder built into the MuscleLab
system, whose internal microprocessor works at a resolution
of 10 microseconds. As the load is moved, the optical
transducer signal interrupts the microprocessor at every
0.07-mm displacement. Power calculations were performed
as previously described (36). Average power across the full
range of motion of a repetition was calculated using a linear
dynamometer.

Whole-Body Vibration Protocol. We used the combination of
parameters determined to be the most eftective by previous
studies: a frequency of 30 Hz (14,19) and a recovery time of
2 minutes between sets for both studies (20). Because of the
mechanical characteristics of the machine used, peak-to-peak
displacement was fixed as 4 mm; greater muscle activity and
strength were attained when this displacement was com-
bined with the aforementioned frequency (1,19,20). Vibration
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TaBLE 3. Mean and SD to SJ, CMJ, and power tests before and after WBYV intervention with 3 different numbers of sets.*

Mean (SD) IC to 95%
No of sets Test Pretestf Posttest Sig. (p)i Effect size (d)§  Lower Upper
3 SJ (cm) 37.64 (3.79) 38.44 (3.79) 0.018 0.21 0.32 1.27
CMJ (cm) 40.62 (4.47) 42.28 (4.54) <0.001 0.37 1.199 2.119
Power (W) 1,295.64 (195.07) 1,311.11 (174.51) 0.017 0.09 8.66 79.14
6 SJ (cm) 37.09 (8.77) 38.95 (3.50) <0.001 0.55 1.43 2.28
CMJ (cm) 40.61 (5.04) 42.68 (5.37) <0.001 0.40 1.458 2.688
Power (W) 1,299.17 (201.08) 1,309.75 (180.81) <0.001 0.05 33.86 90.09
9 SJ (cm) 37.50 (3.90) 37.72 (4.18) 0.060 0.05 —-0.13 0.60
CMJ (cm) 40.78 (5.02) 41.11 (5.06) 0.088 0.06 0.053 0.712
Power (W) 1,301.19 (189.41) 1,313.77 (202.38) 0.477 0.06 —23.23 48.40

*CMJ = countermovement jump; WBV = whole-body vibration.
+No significant differences between mean values.

iLevel intragroup significance.

§Effect size (Cohen’s d).

was applied using a vibrating platform producing sinusoidal
oscillations (Nemes, Ergotest, Rome, Italy). The subjects
adopted an isometric squat position during all exposures,
with knees flexed at 100°, as measured by a manual
goniometer. Hands were placed lightly on the machine
handlebar during the intervention.

Reproducibility of Variables

Tests were repeated on 3 different days (Monday, Wednesday,
and Friday) during the week before training. The intraclass
correlation values (interday) were SJ = 0.93, CMJ = 0.96, and
power = (.95.

Statistical Analyses

Traditional statistical methods were used to calculate the means
and SD. Sample normality was calculated using the Shapiro—
Wilk test. An analysis of variance and the Bonferroni
adjustment for multiple comparisons were used to compare
mean values. The significance level was set at p = 0.05; the
SPSS 17.0 package for Windows (Chicago, IL, USA) was
used for all statistical tests. Effect size was calculated for
paired variables (16). Rhea’s scale was used to interpret the
magnitude of effects in strength training: magnitude was thus
classified as trivial (<0.50), small (0.50-1.25), moderate
(1.25-1.9), or large (=2) (31).

REsuLTSs

Phase 1
The values obtained from tests of S], CM], and power output
in half squat before and after exposure of subjects to a single
session of WBV are shown in Table 2 and Figure 2.

When analyzing the results after the SJ test, significant
increases with 30 seconds (2.07%, p < 0.05) and 60 seconds
(4.41%, p < 0.01) were observed. Additionally, there was

a significant decrease (2.64%, p < 0.05) when the set time was
increased 90 seconds. In any case, significant intergroup
differences were found (p < 0.05).

For the CM] test, there was a significant increase with the
60-second set (4.44%, p < 0.01). At the same time, there was
a significant decrease (3.09%, p < 0.01) by using 90 seconds.
There was no significant difference after the application of
30 seconds, despite a small increase (2.06%). Moreover,
significant post hoc differences were found (p < 0.05).

Finally, considering the values obtained with the maximum
power test significant increases were observed for set times of
30 seconds (2.28%, p < 0.05) and 60 seconds (5.33%,
# < 0.001). However, there was a slight but not significant
decrease when the subjects were exposed to 90-second WBV
(0.77%). Again, for this variable, post hoc analysis did reach
statistical significance (p < 0.05).

Phase 2

The results obtained from tests of SJ, CM], and power output
in half squat before and after a single exposure to WBV are
shown in Table 3 and Figure 3.

Leer fonéticamenteA significant increase after 3 (2.08%,
2 < 0.05) and 6 (4.77%, p < 0.001) sets was found for SJ,
whereas participants experienced a nonsignificant increase
(0.58%) with 9 sets. Significant intergroup differences were
found between the protocols used (p < 0.05).

As forEscucha\As forA the CM] test after the application
of WBV training, significant increases were observed with
3 (4.17%, p < 0.05) and 6 sets (5.12%, p < 0.01) but not for
9 (0.77%). The post hoc comparison also showed significant
differences between the protocols used (p < 0.05).

Finally, the peak power test showed a significant increase
after the applications of 3 (4.69%, p < 0.05) and 6 sets (4.91%,
# < 0.01), whereas the intervention of 9 sets showed no
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Figure 3. Differences between pre and posttest in SJ (A), counter-
movement jump (B), and power output (C) using 3 different numbers of
sets to whole-body vibration. *Difference of means intragroup significant
to the 0.05 level. **Difference of means intragroup significant to the 0.01
level. ***Difference in means intragroup significant to the 0.001 level.
#Difference of means intergroup significant to the 0.05 level.

significant increments (1.01%). The post hoc comparison
showed again significant differences between the protocols
used (p < 0.05).

DiscussioN

The aim of this study was, first, to determine the most
appropriate duration of vibratory stimuli (30, 60, or 90 seconds)
and, second, once that variable had been established, determine
the optimal number of sets (3, 6, or 9) to obtain greater mus-
cular response, considering a fixed frequency and amplitude
(30 Hz and 4 mm).

6  Journal of Strength and Conditioning Research

After the test significant improvements in jump ability
(SJ and CMYJ), and the power generated by the lower limbs
muscles were found when applying exposures of 30 and
60 seconds, whereas with 90 seconds, participants even
experienced a decrement in the performance. These changes
have a trivial effect size for all exposure times.

Regarding the second phase of the experiment, and once
60 seconds was established as the optimal duration, improve-
ments were achieved in all tests by using different numbers of
exposures, although, these changes were only significant for
3 and 6 sets. Again, the effect size analysis showed a trivial
effect for all protocols. Six sets, however, had a greater effect
on the CM] test.

These responses are in line with those previously reported by
authors such as Bosco et al. (8), who used 10sets of 60 seconds
(26 Hz, 10 mm) with a 60-second recovery between them and
reported increments in both mean power and peak power in
volleyball players. Using the aforementioned protocol, but with
a lower amplitude (4 mm), this research group found
a significant increase in CM]J in physically active men (9).
However, one may consider that the number of exposures
used in both studies (10 sets) can be excessive to achieve
a better muscle response. On the other hand, our data differ
with those reported by Bullock et al. (11), who used a duration
of 60 seconds and also found no changes in jump height
(SJ and CM]J) in a group of 7 elite skeleton athletes. In the
study, authors used a recovery time of 3 minutes between sets,
which has been deemed excessive (20).

Using a shorter exposure time, Bedient et al. (4) analyzed
the effects of different intervention protocols on muscle
strength. They combined a frequency of 30, 35, 40, and 45 Hz
with amplitudes of 2 and 5 mm during a single exposure of
30 seconds. The greater response in power output (CM]) was
found with 30 Hz (2-3 mm) and 50 Hz (5-6 mm). These data
contrast with the results of Bazett-Jones et al. (3) who found
no significant changes with a frequency of 30 Hz (2-4 mm)
after a single application of 45 seconds. However, significant
changes were observed using exposures of 40 Hz (2-4 mm)
and 50 Hz (4-6 mm).

Adams et al. (1) also analyzed the effect of different WBV
frequencies, amplitudes, and durations, although no signif-
icant differences were observed when the duration of the
stimulus changed (30, 45, and 60 seconds). It seems that the
use of a protocol in which amplitude, frequency, and duration
are changed together does not allow the optimal combina-
tion to be determined.

In their work to determine the optimal stimulation fre-
quency, authors such as Cardinale and Lim (14) reported that
the highest EMG root-mean-square signal (EMGrms) was
found at 30 Hz, as compared with 40 or 50 Hz. The authors
suggested that 30 Hz may elicit the highest reflex response in
the vastus lateralis muscle during WBV in the half-squat
position—but again, as in our case, this response was obtained
with 60 seconds. Similarly, Da Silva et al. (19) with a protocol
consisting of 6 sets of 60 seconds observed that the
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combination of parameters resulting in increased muscle
response occurred with 30 Hz and 4 mm when compared to
20 and 40 Hz.

There is evidence that prolonged WBV exposure leads to
a decrease in muscle response. In this sense, Rittweger et al.
(32) observed a decrease in power output after a WBV
exposure to fatigue (200-475 seconds) with a frequency of
26 Hz and an amplitude of 11 mm but using an additional
load between 35 and 40% of the total body weight.

Similarly, Torvinen et al. (38) found no significant
improvement in CM]J after the application of durations >1
minute (4 minutes). According to the authors, it seems that
the amplitude of 2 mm used in this study was not enough to
induce positive neuromuscular responses. Using the same
exposure time, but with greater amplitude (10 mm), the same
authors observed significant changes in CMJ (39). It is
noteworthy that, despite the slight increase observed by the
authors in the CM]J test (only 0.6 cm), the gastrocnemius
muscles revealed a significant decrease in the EMG Mean
Power Frequency signal (EMGmpf) and a significant in-
crease in the EMGrms from the first minute, which can be
taken as evidence of a state of muscle fatigue.

In addition, Stewart et al. (37) analyzed the WBV effects on
maximum isometric strength after 2, 4, and 6 minutes (26 Hz
and 4 mm on a rotational platform). The results showed
a significant increase only after the 2-minute protocol,
whereas with 4 and 6 minutes, there was a significant
decrease. However, a comparison with this study is difficult,
because both the platform used and the outcomes assessed
differ from those of this study.

A possible explanation for the acute response observed in
the explosive strength when the duration of exposure is
prolonged may be related to the fatigue levels reached.
Bongiovanni et al. (6) indicated that during a voluntary
isometric contraction, which characterizes many of the
protocols used in studies with WBV, fatigue seems to be low
at the beginning and start to increase when the duration of
exposure does, as can be seen by an increase in EMG
response.

All this leads us to believe that, in moderately active
subjects, exposures for >1 minute may not only elicit
neuromuscular fatigue that limits explosive strength but also,
if the number of sets exceeds 6, the above-mentioned
response may be apparent. This phenomenon seems similar
to the PAP experienced after the application of electrical
stimulation or exercises of short duration and high load.
Thus, PAP may be considered an increase of muscle
contractile capacity after stimulation (30). However, if fatigue
arises, neural potentiation may not occur (3).

Cardinale and Bosco (12) also suggested that although
short-term exposure (time and number of sets) may cause an
increase in neuromuscular potentiation (i.e, PAP), a long-
term stimulus would elicit fatigue and therefore a decrease in
muscle strength. Similarly, if the stimulus is not enough to
induce PAP, the neuromuscular activation is not relevant, and

therefore improvements in muscle performance are not
apparent (3,28).

In conclusion, sets of 60 seconds had the greatest effect on
different manifestations of explosive strength. Accordingly,
for a frequency of 30 Hz and a peak-to-peak displacement of
4 mm, 6 sets of 60 seconds seem to be the optimal WBV
protocol necessary to reach the greatest muscle response in
the lower limbs.

PRACTICAL APPLICATIONS

Whole-body vibration training is recommended for activities
involving explosive motions, such as jumping as a warm-up
activity. However the optimal dose-response relationship
with this method remains unclear. The results of this study
contribute to our understanding of effective training
prescription during WBV. Several studies have focused on
short-term effects of WBV based on the frequency and the
peak-to-peak displacement to increase muscle response.
However, The optimal duration and number of sets for
achieving this aim remain unknown. Our results show that 6
sets of 60 seconds are effective in improving power
performance and jump ability. Although the effect of WBV
on performance is likely variable and minimal for most athletes,
coaches might consider using it because of the potential benefit
it may achieve when the WBV time is optimized.
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